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be felt, that of all possible methods of consulting happiness, to withhold

information for the sake of adding to fortune, is the most preposterous.

A few additional hundred pounds, well laid out upon the Boy, may

more improve the condition of existence, than the mines of Potosi

bequeathed to the Man. The ill-advised niggardliness of Parents is

one principal cause why Genius has so seldom been exerted upon the

means of early instruction.” ’ Beddoes.

“ Chemical research conducts to the knowledge of philosophical truth,

and forms the mind to philosophical enlargement and accuracy of thought,

more happily than almost any other species of investigation in which the

human intellect can be emploj'ed.” Tilloch.

“ ToiU homme qiii recoil une educatio7i libcrale, compte aujourd’hui la

chimie parmi les oLjets les plus vidispensables dt ses etudes."
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PREFACE

SECOND EDITION.

The very flattering reception wliich the Che-

mical Catechism” has met with from the pub-

lic, the whole of the first impression having sold

rapidly, and the uniformly respectable character

it received in the periodical reviews, have en-

couraged the author to prepare a second edition,

which he now gives to the world with a confi-

dence that he did not at first allow himself to

entertain.

To render this edition still more acceptable to

the public, much new matter has been added,

particularly in the Notes; many striking experi-

ments have been introduced; and every new

discovery has been noticed, 'that was thought

likely to interest the student.



PREFACE.

Though the author might now, perhaps, he

justified in omitting to state the' motives that first

induced him to engage in such an undertaking,

it may nevertheless be observed, that, in con-

sidering the great importance of chemistry to

the arts and manufactures, it occurred to him,

that an initiatory book, in which simplicity was

united with perspicuity, would be an accepta-

ble present to a variety of persons, who have

not had leisure or opportunity to study more

elaborate treatises ;
and especially to those pa-

rents who are not qualified by previous acquire-

ments, to instruct their children in the elements

of this science, than whicn there can be nothing

more essential, in whatever line of life they

may be destined to move. As an attempt there-

fore to supply this desideratum. The Chemical

Catechism was first prepared for the eye of the

public,—the author having it, at the same time,

in his contemplation to exhibit, in a popular

form, a body of incontrovertible evidence of

the wisdom and beneficence of the Deity, in

the establishment and modification of those laws

of matter which are infinitely and beautifully

varied, and whose operation is too minute to
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be the object of general notice. For, if it

could be proved, to the satisfaction of youth,

that matter is subject to a vast variety of laws

which escape common observance, and that in

the adjustment of those laws, tlie utmost at-

tention, if it may be so expressed, has been

paid to our convenience and comfort, such

a detail, it was imagined, would tend to make

a more indelible impression on the young mind,

than the display of the same goodness in the

operation of causes which come under our daily

notice and observation.

With these view's it naturally occurred to the

author, that the work would be very incomplete,

should he neglect to ofler to the student some

of those moral reflections which spontaneously

arise in every contemplative mind, when consi-

dering the magnificent system of nature ; and

though such remarks may perhaps be regarded

by some as irrelevant to chemical science, yet,

to repeat the former apology, it may be observed,

that, in compiling any initiatory book, no writer

as a parent, could lose sight of the necessity of

embracing every favourable opportunity of in-

fusing such principles into the youthful mind,^
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as might defend it against immorality, irreligion,

and scepticism.

For the accommodation of schools, and to

render the generality of parents and precep-

tors more competent to explain and expatiate

upon the variety of facts which the science of

chemistry presents, and to qualify them in some

measure to afford such answers to a number of

questions, which the young pupil, in proportion

as he advances and becomes more interested id

the experiments, will not fail to demand, the

author has added a variety of explanatory notes.

Many of these will be found to contain new

matter, or, at least, what is not generally known

or published
; others, and perhaps the majority,

were drawni from various sources : but as many

w'ere quoted from memory, and still more from

the common-place-book of the compiler, he was

compelled, in some instances, either to omit the

authorities, or entirely forgo the advantages he

had derived from the works, experiments, and

opinions of some of the most enlightened che-

mical philosophers of the age. Here he has

constantly been guided by one rule—to produce

rather wdiat is useful than original.
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It may also be remarked, - that the catechetical

form which was first chosen for this work, has

been found to possess at least all the advantages

that any other mode of instructing youth in che-

mistry can claim ; the work having already been

introduced with advantage into several of the

most eminent seminaries in the kingdom ; and,
'

that, if the author’s original intention be fol-

lowed, the progressive improvement of the stu-

dent will be pleasant, rapid, and correct.

The author assuredly never expected that the

answers should be committed to memory verba-

iim by the pupil ; nor indeed, that the lan-

guage of the questions should always be literally
y

adhered to by the tutor ; but merely that the

whole should be clearly comprehended by the

parent or tutor, which, with the assistance of the

notes, is no difficult task; and then to allow the

student to employ his own language to explain

his ideas, and form the responses.

Thus this treatise, the author confidently hopes,

possesses every requisite to render it a first book

for the chemical student; and that, whether it

be employed as a catechism, as a set of dialogues,

as matter for familiar conversation, or as a book
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for the closet, still the original design—a correct

initiation into the science of chemistry—will be

the result; for if these rudiments of chemicaf

knowledge have been drawn in such form as toO
%

invite the young to study larger and more ex-

tended works*, and prepare them to adopt that

theory only which can be substantiated by their

own experiments, the chief intention of the au-

thor will be then fully accomplished.

* In compiling this elementary work, the author has en-

deavoured uniformly to direct the reader to the best treatises

in each department of the science, with a view to facilitate a

progressive improvement j
and to render the “ Chemical Cate-

chism”, a kind of text-book for the student.

/
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FRONTISPIECE,
FROM AN

ETCHING ON GLASS,
By means of Fluoric Acid.

That great advantages would be obtained in the art of print-

ing, if impressions could be taken from glass with the same

facility and security as from copper, was first suggested to the

author by Mr. Hume 5
and though the Frontispiece to the first

edition of the “ Chemical Catechism” was not a finished

drawing, it served to show the practicability of this new mode

of printing.

After many failures and disappointments, the great difficulty

of guarding the pane of glass, so as to endure the rolling press,

has been conquered
;
and the author flatters himself, that the

plate, which accompanies this edition, will demonstrate what

may be done by perseverance, and will also exhibit a very fa-

vourable specimen of the abilities of the artist, Mr. Mutlow,

who had never before attempted any thing of the kind on

glass.

Some useful articles of apparatus have been selected to fill

the plate, so as to serve sufficiently the author’s original pur-

pose, viz. to give to the chemical student one complete ex-

ample of the powers of Fluoric Acid.

Fig. 1. Represents a glass jar, inverted over the flame is-'

suing from the combustion of hydrogen gas. In this case the

oxygen of the atmosphere combines with the hydrogen, and

water is formed, which will evidently appear attached to the

inside of the jar. The undermost vessel is to contain a mix-

ture of tlie filings of zinc or iron, with some sulphuric acid

diluted with six times its weight of water, and a glass tube, or

a piece of tobacco-pipe, thrust througli a perforated cork,

fixed into its neck.
'



XIV EXPLANATION OF THE PLATES.

Fig. 2. A glass funnel for pouring acids and other liquids,

in a horizontal direction, into retorts and other vessels.

Fig. 3. A glass matrass. In a great vafiety of experiments

nothing, however, answers better than a common oil-flask.

Fig. 4. Consists of a distilling apparatus. The retort and

its receiver are placed each on its proper stand
;

the retort has

an opening on its top with a stopper to fit
j
and its branch or

mouth is inclined a little, so as to enter tlie receiver, to which

it is to be luted.

Fig. 5. An Argand’s lamp. This is placed immediately

under the retort, and, though contrary to general practice,

should always be separated, and not slide upon the stem of the

retort-stand, in order that it may be readily tiimmed, re-

moved, lowered or raised, without disturbing the apparatus.

Fig. 6. A tubulated bottle. This is very commodious for

several pui-poses, but principally to be connected by bent tubes

to the tubulure of die receiver (Fig. 4.); so that by emplo}^-

ing two or more of these, a Woulfe’s apparatus may b«

formed.

Fig. 7. A refrigeratory, in which a, metallic tube or worm

is fixed, so that the vapours arising in distillations may pass

into the tube at its upper end, and be condensed in their pas-

sage by the cold water, which surrounds this tube. A refri-

geratory is generally made of wood or, particularly when small,

of japanned tin. .

Fig. 8. A small metallic still with its head or cover on.

The pipe branching from the head is designed to fit into the

upper part of the worm in the refrigeratory (Fig. 7.) where it

is to be luted, to prevent the escape of any vapours till they

arrive at, and drop into a proper receiver placed at die lower

end of the worm.

Fig. 9. A gas bottle widi its bent tube, which should be

accurately fitted into the neck. This serves for the extem-

poraneous formation of elastic fluids, which, as they are evolv-

ed, pass through the tube, and may be readily conveyed

through the water in a pneumatic trough (Fig. 13.), into an
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inverted jar placed on the shelf for the purpose^ having been

first filled with water.

Fig. 10 . A cruciblej this is commonly made of some re-

fractory earth, plumbago or metal, so as to endure intense

degrees of heat.

Fig. 11. The bladder-receiver, described in a note, page

550. This may be furnished either with a metallic tube and

stop-cock, as here represented
3

or fixed on a piece of com-

mon tobacco-pipe, which, if firmly inserted in the cork of

the receiver, W'ill often be sufficiently accurate.

Fig. 12. An alembic. The whole of this may be 'made

either of glass, porcelain-clay, silver, or platina, though glass

W’ill be found to be the best. The head, with its stopper, is

seen separated from the body, into which it is fitted and luted

during an operation. The head is hollowed in such a way,

that whatever condenses there and trickles down, must collect

in the interior current and pass on through the spout into a

receiver.

Fig. 13. The pneumatic trough, or tub, is here represented

filled, and a jar placed on the shelf, as before described (see

Fig. g) . This jar, for some purposes, may be close at the top,

or, if open, the neck should be furnished with a glass-stopper

or a stop-cock
3

thus, with a little management, any gas, col-

lected in this jar, may be readily transferred into the bladder-

receiver, (Fig. 11 ).

Fig. 14. A glass funnel of this description is extremely

convenient, as, on account of the curvature in the stem, any

acid or liquid may be affused upon other ingredients, while no

vapour or gas is suffered to escape out of the vessel
3 and this.

Ml many cherhical processes, is often essentially requisito.
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ESSAY
ON

THE UTILITY OF CHEMISTRY
N

TO THE

ARTS AND MANUFACTURES.

Addressed to Parents in the higher and middle Ra?ihs of Life,

'T ROM the present state of chemical knowledge^

and the daily improvements which are making in

oiir arts and manufactures by the judicious ap-

plication of its principles^ it is become absolutely

necessary to make Chemistry a part of the edu-

cation of every one> whether he be designed to

move in the higher ranks of life, or is likely to

be concerned in any of the manufactures of the

country.

I have therefore imagined that I should render

an acceptable service to society by enumerating

a few of the advantages which arise from the

acquisition of this branch of knowledge
; for, as

a large proportion of the community is not ap-

prised of its real value, that general attention to

it which it deserves, can never be expected until

its utility be demonstrated.

ii It



It would, however, he no difficult matter to

show that the world might derive great advan-

tages even from the diffusion of a theoretical

knowledge of philosophy and chemistry. An

instance or two w ill place this assertion in a clear

point of view. Two thousand years ago Archi-

medes was ridiculed for his attention to mathe-

matics and the abstruse sciences
;

yet by this

knowledge he was enabled to invent such mecha-

nical engines as w'ere sufficient to resist the whole

Roman army. And such a dread had the soldiers

of this man’s science, that if a rope only were let

down from the walls of the city of Syracuse, the

whole army would retire from before it in the

utmost consternation.

A further proof of the importance of the dis-

semination of useful knowledge may be taken

from the construction of the Steam Engine. Mr.

Watt often acknowledged that his first ideas on

this subject were acquired by his attendance on

Dr. Black’s Chemical Lectures, and from the con-

sideration of his theory of latent heat and ths

expansibility of steam*.

The well informed people of France are so sa-

tisfied of the importance of chemical knowledge,

that chemistry is already become an essential part

of education in their public schools.—It shall be

my business in this place to endeavour to demon-

* Davy.

strate
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strate it to' be of equal importance to the various

classes of our countrymen, that the science should

be cultivated with the same ardour in these kino*-O
doms. The science we here recommend to your

most serious attention, has for its objects ervery

substance of the material world, and, therefore, is

equally interesting to every civilized nation upon

earth.

Is your son born to opulence,—is he the heir

to an extensive domain ; make him an analytical

chemist, and you enable him to appreciate the

real value of his estate, and to turn every acre of

it to the best account. Has he a barren tract of

country, which has been unproductive from

generation to generation ; he will explore its

bowels with avidity for hidden treasures, and

will probably not explore it in vain. By analy-

sing the minerals which he discovers, he will ascer-

tain with facility and exactness what proportion

of metal they contain, and which of them may
be worked to profit. Thus he will operate on
sure grounds, and be prevented from engaging

in expensive and unprofitable undertakings.

Chemistry will teach him also how to improve

the C7iltivated parts of his estate
; and, by trans-

porting and transposing the dilferent soils, how
eacli may be rendered more productive. The
analysis of the soils will be followed by that of
tlie waters which rise upon, or tiow through,

n ‘'2 them ;
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them ; by which means he will discover those

proper for irrigation; a practice the value of

Avhich is sufficiently known to every good agri-

culturist.

Should he occupy/ his own estate, and become

the cultivator of his own land ; he must of ne-

cessity be a chemist, before he can be an cecono-

mical farmer. It will be his concern not only to

analyse the soils on the different parts of his farm,

but the peat, the marie, the lime, and the other

manures must be subjected to experiment, before

he can avail himself of the advantages which

might be derived from them, or before he can be

certain of producing any particular effect. Tho
necessity of analysis to the farmer is evident from

a knowledge of the circumstance, that some kind

of lime is injurious to land, and would render

land hitherto fertile actually sterile. Besides, a

knowledge of the first principles of chemistry

W'ill teach him when to use lime hot from the

kiln, and when slacked; how to promote the

putrefactive process in his composts, and at what
period to check it, so as to prevent the fertilizing

particles becoming effete, and of little value. It

will also teach him the difference in the proper-

ties of marie, lime, peat, dung, mud, ashes, alka-

line salt, soap waste, sea water, &c., &c., and,

consequently, which to prefer in all varieties of
soil. A know'ledge of the chemical properties

of



of bodies will thus give a new character to the

agriculturist^ and render his employment rational

and respectable*.

Are you a practitioner of medicine^ and have

acquired great and deserved reputation in your

profession,—if you arc not a chemist, you must

recollect many painful disappointments, and

must have witnessed very unexpected results from

the effects of medicine, when you have admini-

stered two or more powerful remedies in conjunc- ,

tion. A slight knowledge of chemistry would

have informed you that many of the formulse in

the Pharmacopoeia, which are salutary and efficar

cious, are rendered totally otherwise if given

with certain other medicines,—not to say often

destructive. Many instances of these chemical

changes might be adduced, but one will suffice.

Mercury and oxygenized muriatic acid have both

been administered by medical men, and, separate-

ly, either of them may be taken without any in-

jury to the animal oeconomy; but if a physicia^

ignorant of the chemical operation of bodies

on each other, should give these substaqces irt

conjunction, the most dreadful consequences might

• Lavoisier cultivated 240 acres of land in La Vendee, on che-

mical principles, in order to set a good example to the I'anncrs; and

his mode of culture was attended with so much success, tliat he ob-

tained a third more of crop than was obtained by the usual me-

thod, and in nine years his annual produce was doubled. Lalaiule’s

Life of Lavoisier. •

ensLie^
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ensue, as oxygenized muriate of mercury is a most

corrosive poison.

If this profession be your son’s choice, charge

him,when he walks the hospitals, to pay particu-

lar attention to the Lectures on Chemistry, and

to make himself master of the chemical affinities

which subsist between the various articles of the

Materia Medica*. This will inspire him with

professional confidence ; and he will be as sure

of producing any particular chemical effect up-

on his patient, as he would if he were operating

in his own laboratory. Besides, the human body

is itself a laboratory, in which by the varied func-

tions of secretion, absorption, &c., composition,

and decomposition, are perpetually going on :

how, therefore, can he expect to understand the

animal oeconomy, if he be unacquainted with

the effects which certain causes chemically pro-

duce? Every inspiration we take, and every

pulse that vibrates within us, effects a chemicnl

ftliange upon the animal fluids, the nature of

which requires the acuteness of a profound che-

mist to perceive and understand. Neither can a

physician con^.prehend the nature of the animal,

vegetable, or mineral poisons witliout the aid of

• Mr. Deyeux bus shown that even the prc paration of plasters

may be much improved by chemistry. His ingenious paper in the

97lh number of the 'Animles de Chiinie contains much curious

matter well worth the perusul of medical men.

che-
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chemistrj*. Many thousand lives have been lost

by poison, which might have been saved had the

physician been in possession of the knowledge

which he may now acquire by a cultivation of

chemical science. And though the operation of

many of the poisons upon the system be in these

days well understood, nothing but a knowledge

of chemistry can enable the practitioner to ad-

minister such medicines as will counteract their

baneful elfectsf.

If

* All animal and -oegetahle poisons destroy by deoxidizing the

blood. Substances which contain a large portion of oxygen are tlie

real antidotes to such poisons. On the contrary, metallic poisons

are baneful in consequence of the oxygen they contain. Metals

are devoid of activity in a metallic state ;
but when converted into

oxides they become poisonous and corrosive, according to the por-

tion of oxygen combined with them. Thus the gray and the white

oxides of mercury are only purgative or alterative ;
while the red

oxide is a corrosive poison. Decoctions of bark, having a great

affinity for oxygen, have been given to counteract an over dose of

antimonial powder, and have produced the desired effect.

t The following fact will show the importance of ciicmical know-

ledge to every practitioner in medicine more forcibly than a thousand

arguments. Having myself been instrumental in saving a valuable

life, I feel great pleasure in relating the circumstance

About Christmas 1805 an apotliecary in one of the northern

counties having drunk some bottled porter, was seized with sym-

ptoms which convinced him that he was poisoned; hut not knowing

what noxious matter he had taken, and being incapable of analy-

sing the remainder, no antidote could be applied, and he gave him-

self up as lost. A physician had been called in : but neither he nor

the patient, nor his partner, could get any information by examining

the remaining contents of the fatal bottle; though, I understand,

they arc all intelligent men, and in great reputation in their profes-

sion.
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If we look to the manufactures of the king-
dom, there is scarcely one of any consequence
that does not depend upon chemistry, for its

establishment, its improvement, or for its success-
ful and beneficial practice. In order to see the,

connexion which subsists between chemistry amd
the arts, it will be necessary to take a short view
of the principal trades which are carried on in
these kingdoms.

One of the staple manufactures of the country
is that of IRON ; and it will be found that, from
the smelting of the ore to the conversion of it

into steel, every operation is the effect of chemi-
cal affinities. In the first place, it requires no
small share of chemical knowledge, to be able to

sion. In this dilemma what could be done ? At last one of them
recollected that a neighbouring gentleman had the reputation of
being a good chemist. To him the physician and 'tlie partner of the
patient hastened, to get the dregs analysed, and to learn what
ought to be administered. Fortunately, this gentleman had just
received Gdttlings’ Book of Tests, which I had procured for his
brother, and which had been sent to him but a very short time be- '

fore. By this book he was enabled to ascertain that the poison was
oxide of antimony: and when the jratient w^as informed of it, he‘
recollected that antimonial wine had been kept in a similar bottle
some years before

; and supposed that the porter must have been
bottled without the dregs being properly washed out. When the'

nature of the poison was thus ascertained, the gentleman had no
difficulty in directing the physiffian to a prdjier antidote, which was
administered immediately; and the life of the unfortunate man was
preserved; but, in conscqunce of the time allowed to elapse pre-
vious to Its exhibition, the poison had so far taken possession of the
system as to deprive him of the use of a limb.

appre-
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appreciate the value of the diifercnt ores^ and to

erect such furnaces for their reduction as may be

contrived in the best possible manner for facilita-

ting* their fusion, and for producing good pigs.

The subsequent processes to convert the metal

into malleable iron arc entirely chemical, and

will be conducted to the best advantage only by

those who have acquired a knowledge of the che-

mical changes which take place in^ these opera-

tions. The making of cast-steel, which has

been kept so profound a secret, is now found to •

be a simple chemical process, and consists merely

in imparting to the metal a portion of carbon,

by means of fusing it in crucibles with carbonate

of lime, or by cementation with charcoal powder,

in a peculiar kind of furnace constructed for that

particular purpose. t

The manufacturers of uiemUs, ^c. in cast iron

(called Iron-founders) will also acquire some
valuable information by the study of chemistry;

as it will teach them how to mix the different

kinds of metals; how to apportion the carbona-

ceous and calcareous matter ; and how to reduce

the old metal, which they often receive in ex-

change; many hundred tons of w hich are annu-
ally sent away as ballast for ships, for want of
that knowledge which would enable them to con-
vert it into good saleable iron.

The woollen, the cotton, and the calico
pianufacturcs are also become of great impor-

tance
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tatice to these kingdoms. In order to preserve

these sources of national wealth, the utmost at-

tention must be paid to the beauty, the variety,

and the durability of their several colours. Now
of all the arts, none are more dependent upon

chemistry than those of dyeing and calico

PRINTING. Every process is cbjemical; and not a

colour can be imparted, but in consequence of

the affinity which subsists between the cloth and

the dye, or the dye and the mordant which is em-

ployed as a bond of union between them. It is

surely then evident how valuable a chemical edu-

cation must be to that youth who is designed for

either of these trades, and how necessary is that

portion of knowledge which shall enable him in

a scientific manner to analyse his different mate-

rials, and to determine the kind and the quantity

necessary for each process. After all, his colours

will be liable to vary, if he do not take into the

account, and calculate upon, the changes which

take place in them by the absorption of oxygen;

a knowledge of which, and of the different de-

grees of oxidize-ment which the several dyes un-

dergo, requires no small share of chemical skill:

and yet this skill is absolutely necessary, to en-

able either the (Ivor or the calico printer to pro-

duce in all cases permanent colours of the shade

which he intends. Moreover, these artists must

be indebted to chemistry for any valuable know-

ledge which they may acquire of the nature of

the
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the articles they use in their several processes ;

not to saj that they are wholly dependent upon

this science for the artificial production of their

most valuable mordants, and for some of their

most beautiful and brilliant colours*.

The art of bleaching, which is so intimately

connected with calico printing-, has also received

such improvement from the science of chemistry,

that no man is now capable of conducting it to

* An instance or two will render this evident. Formerly a ealico

printer required many weeks to produce a printed cotton with some

colourg such as an olive ground and yellow figures
; a scarlet pat-

tern on a black ground; or a brown ground with orange figures:

—

but, by means of chemical jireparations, the whole of this work

may now be done in a few days; patterns, more delicate than ever,

may be produced; and all with a degree of certainty of which

former manufacturers hud no idea
;
the system being now entirely

altered. According to the former practice, the mordant was first

applied to those parts of the cloth that were intended to be olive,

brown, or black; it was then necessary for the piece to remain some

time before it could be dyed, and afterwards to be exposed in a

bleaching ground a sufficient time to clear those places from the co-

louring matter of the dye which had not been acted upon by the

mordant: a different mordant was then applied by the pencil; and

it was necessary to pass the whole piece through llie dyeing copper

a second time, in order to give tlie desired colour to those particular

parts and finish the pattern.

Now, all these eftects arc produced by dyeing the cloth a self

colour in the first instance, and afterwards merely printing tJic pat-

tern with a chemical prepartition, which discharges a part of the

original dye and leaves a new colour in its stead. Thus a brown

may he changed in an instant to an orange
; a dark olive to ,a yellow

;

or a black to a bright scarlet. In consequence of improve-

ments, rich chintz patterns, which formerly required two years or

more to be completed, are now coimuonly finished in a few weeks.

the
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the best advantage, without a knowledge of the

principles on which the present practice is esta-

blished.

The manufactures of earthen ware and por-
celain, which W'ere so much improved and ex-
tended by the ingenious and industrious Wedg-
woods and which .are become by his means a
source of national %vealth, and give employment
to thousands of the community, are dependent
upon chemistry for the successful management
©fall their branches, from the mixture of the ma-
terials which form the body of the ware, to the

production of those brilliant colours which give

a value to the manufactures by their permanency
and beauty.

Mr. Wedgwood was so sensible of the impor-
tance of chemistry to these arts, that he not only
applied to the study of the science himself, but,

upon the death of the celebrated Dr. Lewis (au-r

thor of the Commercium Philosophico-Techni-

cum), actually engaged his assistant, a Mr.
Chisolme, to experimentalize with him, and to

devote his whole ciitention to the improvement of
the manufacture by the application of his che--

mical knowledge, of which perhaps few'men in

the kingdom at that time had a larger share. A
faint idea of the advantages ^yhich he derived

from these sources may be conceived from the

following circumstance:—Dr. 13ancroft, in his

^‘Philosophy of Permanent Colours,” when treat-
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ing on iron, says, -‘‘1 remember having been told

by Mr, Wedgwood, that nearly all the fine diver-

sified colours applied to his pottery were pro-

duced only by the oxides of this single metal.”

This one fact is sufficient to show with what assi-

duous application he must have studied chemical

science, and how insufficient every attempt to

bring his manufacture to the perfection which it

has now attained, would have been, without this

attention.

Tlie sister art, that of making glass, is also

entirely chemical, consisting in the fusion of sili-

ceous earth with alkali Jind the oxides of lead.
(

In this trade, as well as in many others, the che-

mical manufacturer, and the man of enlightened

experience, will have many advantages. He will

not only kno^v how to analyse his alkalies and to

ascertain their exact value before he purchases,

but will be enabled on chemical principles to as-

certain the exact quantity necessary for any fixed

portion of silex, which to those who are ignorant

of our science must always be a matter of uncer-

tainty, and must repeatedly subject them to losses

and disappointment.

The TANNING OF HIDES is a process which was

formerly carried on by persons who merely fol-

lowed a routine of operations, to which they had

been accustomed, without knowing the real cause

of any of the changes produced. It has now,

however, been well ascertained, that the whole

art
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art consists in impregnating* tlie animal matter

with that peculiar principle taken from the ve-

getable kingdom, called /aw,, (or tannin) the ef-

fect of which maj be explained entirely on che-

mical principles. It is also now known that

many substances, besides oak bark, contain tan ;

and to chemistry we are indebted for the means

of discovering with accuracy the quantitij of tan

which the several astringent vegetables contain.

Besides, this principle having been ^ormedi artifi-

cially by a modern chemist, it is not improbable

that, whenever these manufacturers pay a proper

attention to the science we recommend, they may
be able to direct us how to prepare for them, in

o^ur laboratories, the article in question, so as

entirely to supersede the use of oak bark. This

W'ould be an event of great national importance,

as the demand at present is so great, that it is not

only imported from the continent, but trees, it is

well known, have been actually cut down on

purpose for the bark. Should the chemical tan-

ner not be fortunate enough to make a discovery

of the kind just mentioned, he will at least be

able to analyse the substances now in use,, and

to appreciate their relative value ; a matter of no

small moineut to a man who operates upon a

large scale. Chemistry will enable him also to

combine the tanning principle with the skins, so

as to form icatiicr the most impervious to moi-

sture ; and to give the hides the greatest increase

of
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of weight in the least possible time ;—and these

are the main secrets on which the profit of the

trade chiefly depends.

The manufacturers of morocco leather^ an

article entirely new in the productions of this

country, have the utmost reason to regret the

want of chemical knowledge. Till within these

few years, the consumers of morocco depended

entirely on a foreign supply, many fruitless at-

tempts having been made to prepare the article

in this countrv. Later trials, with various die-

mical mordants, have, however, so far succeeded,

that several manufactories have been established

in the metropolis, where the most beautiful mo-

roccos are now prepared at prices which have

superseded the necessity of all foreign importa-

tion. Notwithstanding this, some colours are

still produced by these manufacturers in a tedious

and expensive way:—a series of well conducted

and appropriate chemical experiments would

no doubt direct them to prepare the same co-

lours, with greater certainty, and by a more

ceconomical process.

The manufacture of soap, an art of consider-

able importance, and which materially aids the

revenue of the country, has in general been con-

ducted, like many of the foregoing, without nny

regard to system : and yet, perhaps, there is no

manufacture which can be benefited in such va-

rious ways by chemistry as this. To those who

2 are
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are designed for this trade I have no hesitatiofi

in recommending the study of the science as a

matter of the first importance. Many thousands

per annum, now lost to the community, would be

saved, if the trade were in general carried on

upon scientific principles. Make a soap-boiler

a good chemist, and you teach him how to ana-

lyse barilla, kelp, potass, &c., so as to ascertain

the proportion of alkali in each,—the only sure

guide to purchasing with advantage and profit,

which with the common manufacturer is mere

chance. When these articles are at an exorbitant

price, he will have recourse to various residuums,

which he will decompose by chemical means, and

make use of as substitutes. He will learn, in

choosing his tallows, how to avoid those which

contain a large portion of sebacic acid, which

require much move barilla than good tallow, and

yet produce less soap. He will know how to

oxidize the common oils and oil dregs, so as to

give them consistence, and render them good

substitutes for tallow,—and how to apportion his

lime so as to make his alkali perfectly caustic,,

without using an unnecessary quantity of that ar-

ticle. He will be aw'are of the advantage to be

derived from oxidizing the soap while boiling.

A knowledge of the chemical affinities will teach

him how, at a cheap rate, to make as good and

as finn soap with potass, as w'ith the mineral al-

kali; and how to take up the heterogeneous

i . salts.
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salts, so as to give the alkali full opportunity of

forming a chemical combination with the oils,

tallows, &c. And, lastly, he will know how to

make use of the waste lyes so as to decompose

the salts which they contain, and convert them

to good and serviceable alkali, fit for future ope-

/ rations*.

The manufacture of candles, which is fre-

quently connected with the foregoing, though it

is of comparatively small importance, may yet

derive advantages from chemistry, which would

repay the study. Foreign tallows, which fre-

quently contain a large portion of acid, render-

ing them inferior to the English, may be purified

at the most insignificant expense by chemical

means; and by the proper application of chemi-

cal agents, other brown tallows may be rendered

beautifully white, and fit for the best purposes.

Where great quantities of candles are used, as

in large manufactories, mines, collieries, &c., a

great saving would arise from the use of carbu-

reted hydrogen gas, which produces a beautiful

intense light, much more cleanly than oil or tal-

low, and at little or no expense. A slight know-

ledge of the mode of managing the gases, would

enable the proprietor of collieries to procure this

gas from the small coal, which is trodden under-

* Manufacturers of soap, in general, avail themselves of none of

tliese advantages.

C foot.
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foot, and to light np his coal pits with it \vitTi

the greatest safety, and at no expense. If this

mode were adopted, the workmen would be

lighted much belter than they can possibly be by

any other means; thousands of pounds would be

annually saved to the community ; and the many

tons of tallow, wliich are now consuming in

these subterranean works, might be used in the

manufacture of soap ; which would tend to lower

the price of that necessary article, and render our

poor more wholesome and comfortable.

The BREWING OF FERMENTED LIQUORS, whicll

is a trade of considerable consequence in the me-

tropolis, is altogether a chemical process. To

those persons, whose concerns are so large that it

would require a princely fortune to purchase

even the 'utensils, it must surely be of the utmost

importance to acquire some knowledge of the

principles of bodies, and of the nature of those

chaitgcs which take place in the materials upon

which they operate. I would therefore say to

such persons. Give your sons a chemical educa-

tion, and you will fit them for conducting, in the

best possible manner, the business which you

have established. Hence they will learn how

the barley, in the first instance, is converted to a,

sacclKCi'ine substance by malting* ; how the fer-

* There is a valuable paper on malting in the fifth vol. of the

IMeiiioirs of the Manclicster Society, by Mr. Joseph Collier.

mentative
t
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irientative process converts the saccharine to a spi-

rituous substance ;
and how the latter, by a con-

tinuation of the process^ becomes changed into

vinegar. The nature of fermentation ( which till

lately was entirely unknown) will be studied and

understood ;
and they will not only have learnt

the means of promoting and encouraging this

process^ but how to retard and check it^ when-

ever it is likely to be carried too far ; so that the

scientific brewer will be as sure of uniformly ob-

taining satisfactory results, as he would if he were

operating on matter by mere mechanical means.

In like manner the distiller, the maker of

SWEET WINES, and the vinegar manufacturer,

will all receive benefit from the cultivation of the

science we are recommending. Till the pro

mulgation of the new chemical doctrines, the

making of vinegar was carried on like many

other trades, in which the makers themselves had

no idea of the nature of their own process. An
acquaintance with chemistry will teach them

many important matters
;

particularly, how it is

that tl)C spirituous fermentation is succeeded by

thf’ acetous; and how the liquor acquires the

substance necessary to produce this change.

When this is once known, they will soon find by

experiment how to oxygenize their wash at the

least expense, and in the least possible time. In-

deed, when chemical knowledge is more ad-

vanced, the process which now takes several

c 2 months
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months will probabl}' be completed in as many

days.

The REFINING OF SUGAR is also a chemical

process ;
every branch of which depends upon

laws well known to chemists. The separation

of the sugar from the molasses ; the absorption

of the superabundant acid ;
the granulation of

the purified sugar ;
and the crystallization of

candy j
will all be conducted most ceconomi-

callv, and with the least difficulty, by those who

have studied the science w ith a view to .the im-

' provement of their art.

The REFINING OF GOLD AND SILVER may ap-

pear to be merely a mechanical operation; but

even in this trade the artist cannot produce a

single effect w hich is not attributable to the play

of the chemical affinities. Besides, there is great

reason to believe that a considerable portion of

silver is often lost in the process which succeeds

that of quarlation, by the blue water being re-

moved to the verditer-vats before the whole of

the silver has been precipitated. A knowledge

of chemical principles' would suggest to ftie re-

finer a mode by whicli^ without the aid of any

apparatus, he might in an instant detect ev^en a

tenth of a grain of that metafi if left in the solu-

tion.

The manufacturers of alum, of copperas, of

BLUE VITRIOL, and 'of all other salts, would

likewise, do well to become chemists, before they

attempt
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attempt to bring; tbeir .several arts to the perfec-

tion of which they arc capable. The crystalliza-

tion of salts depends ripon so many adventitious

circurastanceSj that no small share of knowledg'e

is necessary to enable a manufacturer at all times,

and in all seasons, to produce the article he in-

tends. Till lately the makers of alum bought

alkalies of every description. An accurate ana-

lysis of alum has now discovered, that potass and

ammonia are the only alkalies which enter into the

composition of alum; and consequently, that dur-

ing aseries of years large sums liave been expendr

ed by the manufacturer for an article of no use.

Even science itself is now reaping the be-

nefit of its own discoveries. A few years ago,

the MANUFACTURERS OF PAPER wei’c apprelicii-

sive that it would be impossible to supply a

quantity of that article fit for printing upon,

adequate to the increasing demand. Necessity

however, often the source of new inventions,

had recourse to chemistry
;
and in this science, of

universal application, found the means of im-

proving the colour of the very coarsest' materials

—so that rags which formerly would have been

tiirown by for paper of the lowest description,

arc now rendered subservient to the progress of

truth, and the promulgation of knowledge. And
so easy is the application, that an immense quan-

tity of the materials can be prepared in a few

hours ; and paper sufficient to print a copy of

tile



largest work in the English language may thus

be whitened at the expense of only a few pence.

These improvements^ which, however, are not

yet universally practised, will, when chemical

science is, better understood, probably lead the

way to a cheap raetliod of bleacliing coloured

rags also, and enable the bookseller to furnish us

with the most common w'orks in a style of neat-

ness to which we have not hitherto been accus-

tomed.

In like manner it miglit be shown that the

making of bread, sugar, starch, varnish, and

OIL OF VITRIOL, the REFINING OF SALTPETRE,

and the manufactures of Prussian blue, cud-

bear, archill and other colours, are all de-

pendant upon chemistry for their improvement

and successful practice:—but I flatter myself that

the examples already adduced are sufficient to

show' that, chemistry is now a necessary branch of

the education of youth. Even the management

of a GARDEN may receive improvement from a

cultivation of this science, as it explaiiis the

growth of vegetables, shows the use of the dif-

ferent manures, and directs the proper applica-

tion of them^'.

The

* Natural history is intimately connected with chemistry, as it

must deiicnd upon this science for any elucidation of the minute

properties of those substances, the outward characters of which it

describes
;
so that what Mr. Dayes has said of the painter, may
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The various operations of Natiire^j and tlie

clianges wliicli take place in the several suhstances

around us, are so much better understood by an

attention to the laws of chemistry, that in every

walk of life the chemist has a manifest advantage

over his illiterate neighbour. And it may be re-

marked, that in case of failure or disappointment

in any particular line of commercial manufac-

ture, tlie scientihc chemist has resources as vari-

ous as the productions 0f the country in which

he lives, to which the uneducated man has no

access.
\

Were parents aware of this truth, that sordid

maxim primo vivere, cleinde pliilosopliari, wmuld
not be heard: but every youth would be instruct-

ed in the hrst principles of natural philosophy and

chemistry, as the means of qualifying him for

conducting with advantag-e the concerns W'ith

w hich he might be intrusted. If “ knowledge

is power,” surely the love of knowledge, and

a taste for accurate investigation, is tlie most

likely way for conducting to opulence, respec-

tability, and rational enjoyment.

wltli greater tmtl) be said of the chemist. “The volume of Na-
ture is laid open to him: his attention is directed to tlie vast and

to the minute; and his imagination clings to perfection with in-

elfable delight.”

^ “ Man sliould observe all the workmanship and the particular

workings of Nature, and meditate which of these may be trans-

ferred to the arts.”

I.ord Bacon’s Advancement of Learning, book v. 148 .

More-
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Moreover, it is the necessary consequence of

an attention to this science, that it gives the habit

of investigation, and lays the foundation of an

ardent and inquiring mind. If a youth has been

taught to receive nothing as true, but what is the

result of experiment, he will be in little danger of

ever being led away by the insidious arts of so-

phistry, or of having his mind bewildered by fa-

naticism or superstition. The knowlege facts

is what he has been taught to esteem ; and no rea-

soning, however specious, will ever induce him

to receive as true what appears incongruous, or

cannot be recommended by demonstration or

analogy.



CHEMICAL CATECHISM^.

CHAP. I.

INTRODUCTORY AND MISCELLANKOUS.

What is Chemistry ?

ChemIstrvI is the science which enables m
to discover the peculiar properties of all natural

bodies, cither in their simple or compound slate^.

* The pupil is advised to go through the catechetical paif of

each chapter before he attends to the notes ; for, as the questions

generally arise out of the preceding answers, the connection of the

whole will be best perceived, and more likely to be remembered,

by this method. ———
f The following definitions of chemistry have been given by

some of our best chemists. That in the text was chosen on

account of its plainness, and because it was sufficiently concis®

to be committed to memory. .

“ Chemistry is the study of the effects of heat and mixture,

with the view of discovering their general and subordinate laws,

and of improving the useful arts.”—Dr. Black’s Lect. vol. 1 , 12.

“ Chemistry is that science which treats of those events or

changes in natural bodies which are not accompanied by sensible

motions.”—Dr. Thomson, vol. 1. 3.

“ Chemistry is a science ^^v^which we become acquainted

with the intimate and reciproc. --•'itotion of all the bodies in na-

ture upon each other.”—Fqurcroy’s General System of Che-

mical Knowledge. '

{ The basis of chemical science is the analytical examina-

tion of the works of nature, and the investigation of the pro-
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How do cheudsts examine the iiropcrties of ho-

dics ? -

The chemical examination of bodies is in ge-

neral effected by prodnciiig a change^- i]i t.io

nature or state of the body under examination *|*.

perties and uses of the several substances with which we are

acquainted : it should therefore be the first concern of every

chemical student to receivjejaytljing as true but what has actu-

ally been proved by experiment or analogy. Let him rely upon
nothing but facts^ and he will be in little danger of forming

extravagant or erroneous opinions. If we dare to investigate

Nature, we must see her and try her on all sides, and be sure

that she still confesses tire same tiling.”

* This change is frequently effected by the addition of some
other substance .which forms a combination with a part of the

substance under examination, ,and leaves the other part in a

detached state. On this principle re-agents, or chemical tests,

are employed, the operation of which will be e.xplained as we
proceed.

f To tlie eye, many substances appear similar to other sub-

stances, though they possess different, and perhaps opjiosite,

qitalities; it therefore became neces.sary to discover tlie means
of analysing these substances, and of ascertaining wLerein their

ditfereuce consists. This we£nd in chemicd re-agents.

It may, with few exceptions, be considered as an axiom in

the science of which we are treating, tliat whenever chenucal

action takes place, a reid change is produced in the substance

operated upon, and that its identity is destroyed. An example
will place this in a clear poii^t of view. If a little powdered
clialk (carbonate of lime) be put into a glass of water, the chalk

will sink to the bottom of -,^e vessel. Though it should be
mixed with tlie water, it left at rest it will soon subside. No
chemical action has taken place

j
therefore the water and the

carbonate of lime both remain unaltered. But if a small quanr

tity of diluted sulphuric acid be added to a glass of challv and
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Bj/ xuhat means do chemists effect a change in

the qualities or stales of natural bodies ?

It is generally effected by means of heaV^, or,

by the mixture^ of some other matter v/itli the

matter intended to be examined

water, a violent effervescence will'co'ramehce' the moment they

come into contact with each other
j

a chemical union of the

two substances will be the consequence of this chemical action •

the identity pf each substance will be destroyed
;
and sulphate

of lime (a body entirely different to either of the substances

employed) will be produced.

* Heat has a tendency to separate the particles of all bodies

from each other. Hence nothing more is necessary to effect

the decomposition of many bodies than to apply heat, and col-

lect the substances which are separated by that means. The
mixture of two or more compounds often produces a decom-
position in each oy means of chemical affinity, a property of ,

bodies which will be more fully explained hereafter.

t It is owing to the laws of affinity that we are enabled to

examine natural bodies by means of re~ogeuts, or chemical
tests. Some of these are simple, and act by single affinity

;

others, which are compound, act by producing a doid-le de-
composition.—See chap, xiii,

X Some idea of this mode of examination may be given by
the following experiment Put a small piece of solid cam-
phor into a phial half filled with spirits of wine

3 in a short
time the camphor will be di.ssolved in the fluid, and the spirit

will be as transparent as at first. This solution is owing to
the affinity which subsists between these two substances. If
water be now added (which has a greater affinity for the spirit

than the camphor has) the water will unite with the spirit, and
the camphor will be precipitated. In this way, the camphor
may be nearly all recovered, as at first. By distillation the
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Jlow does the application of heat and mixture

enable chemists to examine the properties of bo-

dies?

By these means chemists effect the decomposi-

tion of a compound body, and tlms acquire a

knowledge of the nature of itsingredients* *.

water ntay aJso be separated from the spirit, and exhibited in a

separate stale.

* Ihis is called analysis. It is distinguished by chemists

into the simple and the complicated analysis. The former is

eiTected whenever a body is so decomposed that its elements

may be exhibited in a separate state, and by reuniting them the

b(jdy may be reproduced. Where the elements of a body form

new compounds during its decomposition, and cannot be rc-

_ united to reproduce a similar substance to that which has been

operated upon, it Is an instance of complicated analysis.

In order to ascertain the exact nature of bodies, chemists

have recourse to synthesis as well as analysis. Wheuever the

component parts of any body are reunited in order to form a

similar substance, and a similar substance is actually produced,

the nature of that body is said to be proved by synthesis. When
a body admits of being examined in both these way's, the result

is very satisfactory.

The examination of those sub.stances which w'e receive from

the hand of nature, if conducted on these principle.s, may some-

times be tedious, but the consequences will be pleasing
j the

processes may be slow, but they will be sure
3
and the acqui-

sition of truth, by patient investigation, and by means of our

own exertion, affords to a cultivated mind the most delightful

gratification.

/” Nature exhaustless still, has power to warm.

And ev’ry change presents a novel charm."
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What, is meant hi) decomposition ?

In chemical language, decomposition means

the act of dividing a body into its simple ele-

ments*. Thus water may be decomposed, and

reduced into oxygen and hydrogen, which are

simple substances, incapable of further decom-

position.

What arc the different states of natural bodies ?

All bodies .are either solidf, liquid, or aeri-

form.

* Take sulphate of magnesia (Epsom salt) as an instance of

the decomposition and re- formation of a substance by chemical

means. Make a solution of this salt in boiling water, and pour

into it a little of a solution of carbonate of soda
;
the soda will

precipitate a white powder, wliich on examination will be found

to be carbonate of magnesia. When settled, decant the super-

natant liquor, evaporate it til! a pellicle rises on its surface, and

set it aside to crystallize. When cold, crystals of sulphate of

soda (Glauber’s salt) will be found in the vessel. In this de-

composition, the sulphuric acid of tlie Epsom salt combines

with the soda to form sulphate of soda, and the carbonic acid of

the soda combines with the magnesia to form carbonate of mag-

nesia. In this way Epsom salt may be analysed, and proved to

consist of sulphuric acid and magnesia. In order to prove the

composition of this salt by sjnthesis, dissolve magnesia in di-

luted sulphuric acid, .saturate the liquor, and,crystallize. Ep-

som salt will be the result.

It may be remarked, that chemists have nert only the power

of decomposing natural bodies, but of producing by combina-

tions various other substances, such as are not presented to u<

by the hand of Nature. vMcohol and ether are of this class,

t When attraction prevails in bodies, they become solid
;

i when caloric prevails, they becon e gas : fluidity seems to be a
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JV/iat do you mean hy a solid body P

Solidity is that quality of bodies whereby

their parts coherefirmly* *^ so as to resist impres-

sion f,

medium between the two. The viltimate particles of matter

existing in these separate states escape the cognizance of our

senses. They are so infinitely small, as not only to escape the

scrutiny of the highest magnifying powers in glasses, but even

imagination itself is incapable of forming any idea of the size

of an original particle of matter. When we have reduced mat-

ter to the most impalpable powder, we are far, very far, from

the atoms which compose that powder.

A new theory to account for the phaenomena of matter has

been proposed by the celebrated Boscovich, and admitted by

many philosophers. An account of this system may be seen

in the Supplement to the Encyclopaedia Britaniiica, under the

article Boscovich.

* The force of cohesion Increases in a substance in preportion

as its moleculae are brought nearer together. Thus alumine,

which has shrunk considerably in bulk by being submitted to

a high degree of heat, has not only experienced much mecha-

nical cohesion, but has thereby acquired the power of resisting

acids and alkalies.—Berlhollet’s Chemical Statics, vol. 1 . 3.

f Sir Isaac Newton has said, that the primary particles of

all bodies are hard, whether solid or fluid
5
and that if the par-

ticles be so disposed or fitted to each other as to touch in large

surfaces, such body will be hard
;
otherwise it will be soft.

Perhaps it would be more philosophical to say, that when the

attraction of aggregation is 'strong enough to resist the motion

of the particles of a body among themselves, that body will be

solid, otherwise it will be soft.

Mr. Lavoisier has explained solidity thus :
—

“

The particles

of all bodies (says he) may be considered as subject to the ac-

tion of two opposite pow'ers, repulsion and attraction, between

3
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What are liquid substances P

Liquid substances are those whose parts do not

cohere firmly, but have free motion among them-

selves* *.

which tliey remain inequilibrio. So long as the attractive force

remains stronger, the body must continue in a state of solidity
j

but if, on tlie contraiy, heat has so far removed these particles

from each other as to place them beyond the sphere of attrac-

tion, they lose the cohesion they before had with each other,

and the body ceases to be solid,”

* We have no reason to suppose that fluidity is an essential

property of any liquid substance whatever
;
but rather that so-

lidity is the natural state of all bodies, for we are able to reduce

most substances to a state of fluidity by the combination of calo-

ric, In general, bodies treated in this way expand in all their

dimensions, and the attraction of aggregation is so much weak-

ened tliei-eby, that the particles of the body slide over each

other, and are put in motion by the slightest impulse. This is

the only distinguishing character of fluidity that we are ac-

quainted with.

On the contrary, tlie greatest number of liquid substance*

take a solid form by reduction of temperature. Thus water

congeals, atid forms ice. Even the gases show this disposition*

The oxygenized muriatic acid gas becomes concrete, and crystal- ',

lizes at a temperature near to that at which water congeaLs.j

All the gaseous substances, when they have lost their elasticity

by forming some combination, are disposed to assume the solid

state, if the temperature allows it. Ammoniacal gas and car-

bonic acid gas become solid as soon as they enter into combina-

tion
;
and hydrogen gas, the most subtle of the ponderable

elastic fluids, forms, with oxygen gas, the water which becomes

ice. See more on this subject in tlie 1st vol. of llcrthollet s

Chemical Statics.
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TVhaf occasions the difference in these bodies ?

Liquid substances are nothing- more than solids

converted into liquids hy heat*, a certain increase

of \^hich would convert the liquids into vapour.

* Fluidity is owing to the matter of heat being interposed

between the particles of the fluid
;
which heat would dissipate

all fluids into the air, were it not for the pressure of the atmo-

sphere, and the mutual attraction which subsists between those

particles. Were it not for this atmospheric pressure, water

would not be known in any other states than those of ice and

vapour;. for, as soon^as ice had^acquired caloric enough to give

it fluidity, it would tegin-rto boH, and would be dispersed into

the regions of space. This may be proved by direct experi-

ment, as w’jll be shown in the following chapter. The con-

stitution of the world in this respect exhibits a beautiful instance

of the harmony of nature, and of the exquisite contrivance of

its divine Author.

On the other hand, could we totally abstract the matter of

heat from any fluid, no doubt but that fluid would by that mean

be changed to a solid ;
the lightest vapours being nothing more

than solids combined with heat. i

Not only fluids, but all those substances which are soft and

ductile, owe these properties to the chemical combination of

caloric. Metals owe their malleability and ductility to the same

cause ; for, in very intense artificial colds, the most ductile me-

tals, such as gold, silver and lead, lose their malleability and be-

come brittle, as Van Mons has shown, Annales de Chimie,

•- 20. 300.

I'he following experiment will prove that it is caloric which

converts solids to fluids:—Expose a pound of w'ater and a'pound

of ice, both at 32°, in a room the temperature of which it

above the freezing point. I'he water will arrive at the tem-

perature of the room several hours before the ice is melted.

The caloric, therefore, which has all the time been entering
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What other name is given to liquids f

Thej arc likewise called fluids : we call the air

also a fluid*.

Why is the air called a fluid

Because it flows like a fluidf, and light sub-

stances will swim in it.

into the ice, but is not to' be found in it by the thermometer,

must have become chemically combined with it jn order to give

it fluidity. The caloric appears to be lost
;

its properties are

merged in the fluid, just as muriatic acid, by union with lime,

loses all its characteristic properties.—See this further explained

in the chapter on calorib.

* Atmospheric air is one of the permanently elastic fluids.

Steaih is an elastic fluid, but atmospheric air in all states, and

in all seasons, is permanently elastic. This elasticity.arises from

caloric being chemically combined with the solid substances of

which it is composed. say solid, because we have abundant

evidence that oxygen and nitrogen are both capable of taking a

solid form, and actually do, in many instances, exist in a state

of solidity. Nitrogen is a component part of all animal sub-

stances, and exists in a solid state in all the ammoniacal salts.

Oxygen takes the same state when it combines with metals

and other combustibles
5
and in the composition of the ni-

trous salts they both take the same state of solidity. These facts

' surely evince that atmospheric air owes its fluidity to caloric.

One of the general laws discovered by Dr. Black, and which

he laid down as a chemical axiom, was, that " whenever a body

changes its state, it either combines with caloric, or separates

from caloric.” The great number of natural appearances which

are explained by this general law renders it important, and it.

ohght to be remembered by all who wish to make a progress

in the science.

f The air is ^also known .to be a fluid, by the easy convey-

ance which it affords to sound.

D la
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What is the cause of bodies sicimniing influids f

All substances will swim if they be lighter Ilian

the fluids they swim in^.

Is this universallij the case ?

Yes; this is an established law of naturef.

Thus a cork swims upon water, while a stone

sinks in it.

In chemical laboratories a vacuum is often formed in the re-

torts and other glass vessels, which occasions frequent explo-

sions, and sometimes dreadful accidents. These are produced

by a torrent of atmospheric air rushing into these vessels. If

the air did not possess the common properties of fluids, these

effects could not take place. It is a property of fluids to press

in all directions, upwards as well as downwards 5
so does atmo-

spheric air.

* This may be shown to a child at the breakfast table, by-

placing a tea-cup upon a bason of water, and informing him

that it swims there because it is specifically lighter than a body

of water of its own bulk. W.ater may then be gradually poured

from the tea-pot into the cup
;
and he may be directed to ob-

serve how the cup sinks in the bason as it becomes loaded with

water j
until the united weights of the water and the cup are too

erreat for the water in the bason to support, and the whole

sinks.

I Here the pupil may be informed that it is on this principle

that ships and other vessels are constructed, and that it is tliis

property of fluids which enables us to float a vessel from one

country to another.

“ Along the glassy plane serene she glides,

While azure radiance trembles on her sides.”

Falconer.

The weight of goods in a vessel is indicated by the depth to

which the. vessel sinks in the water. In canal boats tliis is
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Have you a clear idea of the cause of these sub-

stances sinking and swimming infiuids f

The first s^vims because it is lighter, and the

other sinkS;, being heavier than water.

What do you really mean when you say that a

stone is heavier thanwater* *?

Not that the stone is heavier f than the whole

shown by graduated brass plates affixed to the sides. , An ac-

count of a curious method of ascertaining the tonnage of ships

hydrostatically^ may be seen in the first number of the Retro-

spect. It is founded on the different draught which a ship will

have in salt and in fresh water, owing to the different specific

gravity of the two fluids. That nautical men should be ac-

quainted with this hydrostatical axiom, is certainly of import-

ance
j

for, should a captain load his vessel with a full cargo

at any sea port, Iiis vessel would inevitably sink when brought

into the Thames.

* Some of the questions in this introductory chapter may

perhaps be thought trifling and insignificant
j
but the reader is

requested to consider nothing unimportant that tends to lay a

just and stable foundation for the superstructure of an interest-

ing science. The generality of elementary writers presume

too much when they suppose that what they omit is universally

known. Many things which they consider to be of public no-

toriety, are known perhaps to few who have not paid a particular

attention to the subject. Hence, many works which are called

elementary disappoint the expectation of the student, and are

laid by with distaste, for want of the first rudiments of the

science being detailed with minuteness and .simplicity.

I The pupil should be informed that all stones are not

heavier than water, for that these natural bodies differ very

much in specific gravity; that, though .the specific gravity of

sulphate of barj'tes is 4.40, or nearly 4j times as heavy as an
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of the water in the vessel
;
for, if it be heavier than

a portion of water of its own bulk, it mustsink* *.

What term is made use of to express the relative

weight of bodies ?

Spoeific gravity. Thus the specific gravity of

one body may be much greater than that of

another, though their absolute weights be the

samef.

equal bulk of water, some, species of the asbestus are lighter

than water. Some kinds of pumice stone are also much -lighter

than that fluid.

* It is an axiom in hydrostatics, that everj' substance which

swims on water, displaces so much of the water as is exactly

equal to its own weight
;
whereas, when a substance sinks in

water, it displaces water equal to its bulk.

Take a piece of hard wood, balance it accurately in a pair of

scales with water, and tlien place it gently on the surface of

water in a vessel exactly filled with that fluid, and it will dis-

place a portion of tlie water, which will flow over the top of

the vessel. If the wood be now taken out with care, it will be

found that the water in the scale will exactly till the vacancy

left by the wood.

f The specific gravity of bodies is denoted in chemical wri-

tings by comparing it with the specific gravity of pure w ater, in

decimal figures, water being dlways considered as 1.000. Thu^

tfie specific gravity of the strongest sulphuric acid of commerce

is said to be l.pOO, or nine-tenths heavier than water. Iron is

7 .650, or more tlian 7 J
times heavier dian water

3
that is, a

cubic inch of iron, if put in a scale, would require inches

of water to babnee it
3

silver is ] 0.4/8 3
gold, ly.3003 and

platinum 23.000, or 23 times heavier than vyater. The specific

gravity of bcjdies is noted in the same way throughout this

work.
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How do yon explain or account for !he difference

in the specific grcwity of different bodies ?

When one body is larger, or takes up more

room, than another of the same weight, the first

is said to be specifically lighter*.

What defnition do you give of the air which you

spoke of in connection with this subject ?

The air is thatvery light fluid, whichsurroundsf

* The nations of antiquity were unacquainted with any me-

thod of ascertaining the specific gravity of bodies. A singular

event was the cause of its being discovered by Archimedes 200

years before Christ. Having reason to believe that an unprin-

cipled goldsmith had greatly debased the golden crown of

Hiero II., king of Syracuse, he was anxious to ascertain the"

fact
j

but was perplexed by not knowing how to effect it.

However, one day while bathing, the difference in the weight of

his oivn body, when in the water and when out of it, gave him

the idea that he might adopt that metliod for discovering the

specific gravity of the king's crown
j
and it is related of him

that he was «(j rejoiced at the discovery, that he leaped from tlie

bath in an ecstasy, and ran naked about the streets of Syracuse,

crying I have found it ! I havefound it

!

It would be a pleas-

ing, and not altogether an unprofitable employment, to endea-

vour to recount the ijiatherqatical, philosophical, qnd chemical

truths, that we are in possession of, which tend to promote the

happiness and civilization of man, and which the ancients were

unacquainted with. In these enlightened times every youth

may find avocations suited to his faste, and even in his pleasures

will be at no loss to select amusements which are both rational

and respectalfie.

t If the earth had no atmosphere at the time qf its formation,

a chemist would have no difficulty in conceiving how an atmo-

sphere might be produced Iw the decomposition of water and
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us every where ; it is tlie medium in whicli we

live^ and without which we could notexist**.

What is the great hody ofthisjluid called?

It is called the atmospheref.

other substances, and that this might be effected by the agency,

of internal fires. I refer the reader desirous of investigating
'

this subject, to an interesting essay in the second chapter of

Lavoisier’s Chemical Elements.

* The Creator knew how necessary atmospheric air would

be for the support of animal life; he has accordingly endowed, it

with the property of preserving its own equilibrium- at all times,

and in all places. Its elasticity is such, that however it may

be consumed by respiration or combustion,ats place is imme-

diately supplied with a new portion
;
and though by a mistaken

policy the doors and windows of our habitations may be con-

structed so as to exclude it as much as possible, it will have ad-

mission
;

it forces its way through every crevice, and performs

the important office assigned it, in defiance of all our exertions.

If the. properties which are given to the different substances in

nature, and the laws by which they are governed, be thus ex-

amined, we shall find them all tending to one point, viz. tlie

V'elfare and felicity of every species of animated beings.
/

f This word is derived from the Greek language, and signi-

fies a body of vapour in a spherical form. By this name we

understand the entire mass of the air which encircles all paits

of the terrestrial globe, which moves with it round the sun,

which touches it in all its parts, ascending to the tops of its

mountains, penetrating into its cavities, and incessantly floating

on its waters. It is the fluid which we inhale from the first to

the last moment of our existence. Fourcroy, vol. i. 207-

The blue colour of the sky is owing to the vapours which

are perpetually rising from the earth and mixing with the air.

This Saussure demonstrated by ejyreriment on the Alps.
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You say the atmosphere is Jhiicl ; what proof

have you of its being so ?

Many instances might be adduced to show that

the atmosphere is fluid, hut the ascension of an

air balloon is a sufficient proof of its fluidity*.

How do you account for an air balloon floating

in the atinosphere-\ ?

Because the whole when inflated with gas is

* Atmospheric air, like all other elastic fluids, yields to the

slightest impulse, and is put in motion with the greatest ease ;

but it has not the power of penetrating many substances, like

oils and some other fluids.

The facility and rapidity of the motions of atmospheric air

cannot be explained on any principle but its fluidity. Some of

the winds move nearly at the rate of 4000 feet in a minute.

f This and the following question may appear to be an use-

Jess repetition of the doctrine taught in the first part of this

chapter
3
but as innumerable facts dependent on specific gravity

are perpetually occurring in every department of chemistiy, it

was thought advisable thus to vary tlie questions, in order to

prevent a possibility of a young person committing this chapter

to memory without tlioroughly understanding what is so impor-

tant to his future progress.

It is absolutely necessary for him to understand the nature of

specific gravity, to enable him to analyse minerals, to examine

the gases, and to perform a variety of otlier operations in che-

mistry. Besides, this knowledge will be of use in the common

occurrences of life, and no one, who wishes to have a general

acquaintance with things, ought to neglect to learn the methods

of taking the specific gravity of bodies. For instance : suppose

a person has a piece of silver plate which he suspects is alloyed

more than it ought to be, a knowledge of specific gravity, and

of the principle of bodies which sink in fluids, displacing so
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specifically lighter than an equal bulk of com-

mon air.

We haw seen thatcork** su'iins on water, why

docs it not swim in air?

much of tlie fluid as is equal to their bulk, will enable him to

ascertain its value with accnrary. He has only to weigh it in

air and tiien in water, and calculate from the difterence in its

weight when weighed in these two mediums. Tims, if it

weighs 46 ounces in air, and only 41-^ ounces when weighed in

water, its bulk of water is 4J ounces. Now if 46 be divided

by 44, the quotient will be 10,^^ ;
which shows that the piece of

plate is 10^- times as heavy as its bulk of water, which is about

the specific gravity of standard silver. Pure silver is 10^

tjmes the specific gravity of water. For an account of the dif-

ferent methods of taking the specific gravity of different sub-

stances, see Additional Notes, No. 1.

* Poplar is the lightest wood we have next to cork, the spe-

cific gravity of which, according to Lavoisier, is .3630 , but

the specific gravit)’ of cork is only .2400, water being 1 .000.

Cork is the outward bark of a tree which grows wild in the

southern parts of Europe. When the tree is of a certain age it

may be barked annually for eight years. It is heated and singed

over a strong fire, and then placed under stones in order to be

pressed straight. According to Pliny, cork was known to the

Romans, and was applied by them to as many purposes as it is

at present. Xenophon relates that the Roman ladies who

wished to appear tall placed several layers of cork wifliin their

shoes. Beckmann’s History of Inventions, vol. ii. 115.

Cork possesses very singular properties. It may be ^easily

compressed, but recovers its elasticity as soon as die compress-

ing power is removed, and therefore fills up every crevice of

that space into which it has been driven by force. It may easily

be cut into any form) and though it abounds in pores, which
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Because the cork is specifically heavier than

the air^ though lighter thanwater**,

Whal is the specific gravitj of atmospheric air ?

A pint measure of atmospheric air weighs only

is the cause of its lightness, it suffers neitlier water nor any

common fluid to escape through it,

I

The use of cork in preserving liquors is well known. Its

use in making safety jackets for the preservation of lives by sea

may be explained, also its use in teaching the art of swimming.

The epidermis of all vegetables is of the same nature as cork.

* That one substance swims upon another in consequence of

tjie superior density of the fluid which supports it, should be

made very clear to the apprehension of the pupil
;

for, till he

thoroughly understands this principle, it will be impossible for

him to comprehend the cause of a variefy of effects which will

take place during the course of his experiments. When this

is understood, it may be proper to point out some of the ad-

vantages which we derive fi-om this property of fluids. That

owing to this principle, t! e oxygen gas which is secreted by

vegetables is detained in the lower regions of the air, tliat it

may combine with the nitrogen gas produced by animal respi-

ration, to preserve the purity of the atmosphere ;—that owing

to this, the carbonic acid gas, which is still heavier, and which is

formed alio by animal respiration and combustion, is confined

within the reach of vegetables, which absorb it with avidity, and

separate it into its original elements —and that to this princi-

ple it is also attributable that the mephitic air, arising from the

crowded haunts of men, does not produce pestilence, but

mounts above the clouds to await fresh combinations, by means

which nature has appointed to render it again useful and salu-

brious, One great use of lightning may perhaps be to promote

the union of this nitrogen with the oxygen of the water which ia

held in solution in atmospheric air. That the Deity has esta-

I'livhed some way of eflecting this is evident, for without some
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grains ;
the same measure of pure water

weighs one poundsavoirdupois**.

If the specific gravity of water he so much greater

than that of atmospheric air, hoio is water retained

in the atmosphere ?

The water which is taken up by the atmosphere

is not in an aqueous state, but is converted into

vapourf by the matter of heat;}].

How is it that heat converts water into vapour ?

A large portion of the matter of heat combin-

such contrivance the purity of the atmosphere could not be

preseived. Winds also may probably promote this union.

“ His wisdom .guides the rushing wind.

Or tips the bolt with flame :

His goodness breatlies in ev’ry breeze.

And warms in ev’ry beam.” Darwin.

* The measure here, alluded to is the common wine pint.

From this one may deduce by calculation that a cubic foot of

atmospheric air weighs nearly one ounce and a quarter, and a

cubic foot of water 1000 ounces, avoirdupois.

f It is of importance to satisfy a young person of the truth

of every thing we teach him, and whenever it can be done it

ought not to be omitted. By inverting a glass goblet over .a

cup of hot water, the vapour will be seen to condense upon

the cold glass and run down its inside
;
which will show that

steam is real water, and can become water again.

^ Here the pupil may be informed that water not only be-

comes converted into steam by heat, but that, when it is re-

ceived into the atmosphere, if the air be warm it becomes so

far changed by its union with the matter of heat as to be per-

fectly invisible. In this state it occupies a space 1400 times

greater than iu its ordinary liquid state.
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ing- chemically with water renders it specifically

lighter; which is the cause of its rising, and mix-

ing with the atmosphere*.

Is this effected in any of the great operations of

nature ?

Yes : a great part of the rain which falls upon

the earth becomes changed at length into va-

pourf, and rises into the air in that state to form

clouds.

* An instrument has been invented lor showing the relative

moisture of the atmosphere, called an hygrometer. Tiiis in^tru-^

ment shows when aqueous vapour dissolves with difficulty in

the atmosphere, or when vapours are about to precipitate upon

the eartli—but it will not indicate the real quantity of water in

any given portion of atmospheric air. There is a great variety

of these instruments, all made w'ith porous substances, which

contract and dilate according to the dryness or moisture of tlie

air. Slips of w'hale-bone, strings of cat-gut, and the beard of

the wild oat, are the substances most commonly employed in

fabricating these instruments.

t Bp. Watson found that, even when there had been no rain

for a considerable time, and the earth was dried by the parch-

ing heat of summer, it still gave out a considerable quantity of

water. By inverting a large drinking-glass on a close-mowr\

grass-plat, and collecting the vapour which attached itself to

the inside of the glass, he found that an acre of ground di,

spersed into the air above l600 gallons of water in the space of

12 hours of a summer’s day.

The ocean loses many millions of gallons of water hourly by

evaporation. The Mediterranean alone is said to lose more by

evaporation than it receives from the Nile, the Tiber, tlie

Jlhone, the Po, and all the other rivers that fall into it. This

water is conveyed by tlie winds to every part of the continents

!
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V/hat is ike cause of the svaters of ike earih

being thus vaporized ?

As the rays of the sun warm theground**, a

portion of the matter of heat combines with a

portion of the \vater of the earth, and converts

it into vapourf.

—these it fertilizes in the form of rain, and afterwards supplies

the rivers, which flow again into the sea. This is one of those

continual circulations whereby all matter is made to subserve

various purposes, which have been devised by the Creator for

the promotion of his beneficent designs.

, The bounteous sun

Lifts the light clouds sublime, and spreads them tliin,

Fleecy and white o’er all-surrounding heaven.”

In our climate evaporation is found to be about four times as

much from the vernal to the autumnal equin"x, as from the

autumnal to the vernal. Heat facilitates all solutions ;
and the

greater the ditference between the temperature of the air and

the evaporating surface, the greater will be tlie evaporation.

* |n winter, the earth at eighteen inches depth is warmer

than the air ;
ip surpraer, the air is warmer than the earth at

that depth : these effects are pwipg to the earth being a bad

conductor of heat.

I The action of the sun upon the earth in producing vapours,

&c., is easpy explained on chemical principles. Nicholson, or

any of the other modern writers on natural phiJosophy, may be

consulted. The shelter which is afibrded to the earth by

clouds, mists, &c., is due to the operation of this cause.

To this all-pow’rful principle we owe

The copious mists which shield this world below
j

Which give it how to bear the solar rays,

And roll unscorch’d beneatlr the torrid blaze.
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But what causes the vapour to rise in the air ?

If a-cork be placed at the bottom of a bason of

water, it rises immediately to the top, because it

is specifically lighter than the water*: so vapour

rises in the air, because it is specifically lighter

than the airf.

What becomes of the water which thus evaporates

from the earth f

It occupies the lower regions of the atmo-

sphere;];, and is preserved there partly dis-

* I have introduced this and other very familiar examples,

because I think it of consequence that those who have the care

of very young people should encourage them to inquire the

cause of every thing which they see around them. A precep-

tor, who is well qualified for his employment, will not think

any tlwng too trivial whicli can furnish him with an opportunity

of imparting useful knowledge.

•f-
It is evident that water exists in the atmosphere in abun-

dance, even in the driest seasons and under the clearest sky'.

There are substances which have the power of absorbing water

from the air at all times
j

such as the fixed alkalies, and

sulphuric acid •, the latter of which will soon absorb more
than its own weight ot water from the air when exposed to it.

f Itiere can be no doubt but that in general the vapours oc-

cupy the lower strata of the atmosphere : that they sometimes

ascend very high, is also true
j

for it is well known that clouds

are seen fimning above the tops of the highest mountains. In-

deed, the clouds begin to tbrm always at some considerable^

height. ])r, Thomson, vol. iii. 373.
*

" At first a dusky wreath they seem to rise

Scarce staining ether; but by swift degrees.

In heaps on heaps, the doubling vapour sails

Along the clouded sky.”
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solved* ill airf^ and partly in the state of elastic

vapour.

I/ozv is this vapour formed into clouds ?

After it has remained some time in the atmo-

sphere, it becomes in a measure condensed by

causes unknown to us;}]; and the particles of wa-

* Persons who have been in the habit of making observa-

tions on the clouds may have sometimes noticed a cloud, which

appeared to be just in the act of precipitating, suddenly arrested

by a warm current of air, and entirely dissolved thereby, so as

to become in a few seconds invisible. This is the same kind

of solution as takes place whenever a warm breeze passes over

a river, or the ocean. Whenever the air is ponderous, and sus-

ceptible of holding the aqueous vapour in solution, the mercury

in the barometer rises up to 30 or upwards : when lighter, and

liable to suffer the vapours to coalesce, its pressure is less- on

the base of the barometer, and the mercury falls. See a further

account of the barometer in the next chapter.

f By the experiments of Saussure it appears that a cubic foot

of atmospheric air will hold eleven grains of water in solution.

From this property of the air we derive many advantages. It

has a tendency to preserve every thing on the face of the earth

in a proper degree of moisture. In one season of the year, in

the interior parts of Africa, a xvind prevails called the Harmat-

tan, which is so extremely dry that household furniture is de-

stroyed by it
;

the pannels of wainscots split
;
boarded floors

are laid open
j
and the scarf skin of the body peels off, during

its continuance. Were it not for the property w'hich atmo-

spheric air has of holding water in solution, this would be the

case every where.

It appears from the experiments of some aeronauts, that the

air is much drier in the higher regions than it is near the sur-

face of the earth. Piiil. Mag. vol. xix. 3/8.

J The formation yf clouds was formerly attributed to tire
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ter of which it is. composed unite^ and form small

hollow vesicles^, which accumulatetogether** and

Droduce clouds.
A

What further changes take place in this aqueous

vapour

?

By the operation of causes which are also in a

ffreat measure unknown, the clouds after a time

become further condensed, and are converted into

waterf.

solution of water in atmospheric air, and the production of rain

to the mixture of airs of different temperatures
j
but there are •

so many difficulties attending every hypotliesis, that I believe

chemists in general now consider these operations of nature

inexplicable. The subject is well investigated by Dr. Thom-

son, in vol. iii. of his System of Chemistry
j
and he concludes

from all the facts, that “ ffie formation of clouds and rain cannot

be accounted for by a single principle with which we are ac-

quainted.” It is, however,
.

probable that electricity alone is the

primary cause, and that all the phaenomena of nature may

originate from this sdurce.

* Saussure conjectures that it is the electrical fluid which

surrounds these vesicles, and prevents them from dissolving in

the air. These vesicles are said to be from 1.360 to 1-1 90th

of a line in diameter. '

'

An elaborate essay, by Luke Howard, esq. on the various

forms which clouds assume, may be seen in the lOlh and 17th

volumes of the Philosophical Magazine.

See Dr. Darwin’s theory of rain and dew, in Notes to the

Botanic Garden, part i. pages 114 and 169.

j- It has before been remarked, that a portion of the water

which rises in vapour is held in solution by the atmospheric air.

AY hen two opposite currents of air meet, of different tempera-
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What is the consequence of this dhange of va

pour into zvater ?

Wlien the vapour is condensed, it becomes too

heavy for the air to support, and falls down in

rain**, hail, or snow.

What is the use of this constitution of neUure ?

- This principle of evaporation is of very gene-

tures, the vapours are sometimes condensed thereby, and rain

follows. All the known gases have also the property of taking

up water and holding it in solution.

It may be remarked, tljat if the temperature of our atmo-

sphere had been 212°, or upwards, rain could never have fallen

upon the earth j
for the water taken up by evaporation would

have been converted into a permanently elastic fluid. It is

impossible ever to contemplate the various ways in which the

dilferent operations of nature are made to correct and balance

each othei-, without being struck with tlie infinite comprehen-

sion of the Divine mind, whieh could thus foresee tlie tendency

of every law which it w'as about to establish. How marry cases

are there in whicli the slightest oversight would have produced

tire destruction of a world !

* It may be observed that rain not only affords a proper de-

gree of moisture to the vegetable creation, but is of service in

bringing the soils into a proper state to perform their office.

Dry earth of itself has little effect
;
but when moistened it has

the property of decomposing atmospheric air, and ot conveying

its oxygen to the roots of those plants which vegetate within it..

We are indebted to Humboldt for the knowledge of this fact.

“ The clouds consign their treasures to the fields.

And, softly shaking on the dimpled pool

Prelusive drops, let all the moisture flow

In large effusion o’er the freshen’d world.”
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ral utility* : it is subservient to many natural

processes, and is perpetually of use to man in

every occupation of lifef.

* This principle of evaporation not only is the primary cause

of all rain, mist, dew, &c., but it moderates the effects of the

sun’s heat, by canydng off an immense quantity of caloric in

combination with the aqueous vapours. Were it not for tlie

cold produced by evaporation, we should faint under any great

bodily exertion, or die by excessive heat. But Nature, always

.provident, has furnished man with a fluid, the product of ah

animal secretion, which, insensibly perspiring and becoming

evaporated from the surface of the body, is the vehicle which

carries oft' the superabundant heat as fast as it is generated.

Cold-blooded animals, whose temperature is regulated by the

medium in which they live, never perspire
j but man, who

was intended to live in a variety of climates, and designed

for active exertion, is thus preserved from the effects of heat,

which w'ould otherwise be destructive. The blood of an in-

habitant of the torrid zone is no warmer than that of an inha-

bitant of the mountains of Lapland , which may be proved by
placing a thermometer upon the tongue or under the arm.
How various are the means which have been adopted for the

promotion of our convenience and comfort

!

The operation of this principle may be made apparent by the

following experiment : Take a small tube with a litile water

in it, fold a little lint close round it, and, hpving immersed it.

in ether till the lint is soaked through, hold it in the air for the
ether to evaporate, ''i'lie cold produced by this evaporation will

cause tlie water in the tube to freeze. Jf the outside of the
glass tube be scratched with a flint or a diamond previous to its

being wet by the c'ther, the eftect will more readily take place.

t A little reflection would convince any one of the import-
ance of the principle of evaporation. Innumerable instances
ot Its use might be adduced : suffice it to say, that without it

E
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What is the ultimate use of this principle ?

The Almighty has contrived that moisture

should continually rise from the earth, and from

the various bodies upon its surface, to shield this

world of ours from the intense heat of the sun,

and to return in rain to water the ground, caus-

ing grass to grow for the cattle, and corn and

herbs for the service ofman**.

neither grass nor corn could be sufficiently dried to lay up for

use. Our clotlies when washed could not be dried neither

could a variety of the most common operations be carried on,

which conduce much to our comfort and convenience.

* It is a characteristic of the works of creation that they will

bear examination, and that the more they are examined the

more pleasure they afford. The simplicity of the means which

NATURE has chosen for performing the necessary opei-ation of

watering the eartli, must strike every one who has any relish

for what is grand and excellent. And surely the consideration

of such subjects is not without its use j
for,

“ who can meditate

on the order observable in nature, and not endeavour to reduce

his conduct to a similar standard of regularity?"
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CHAP. ir.

OF ATMOSPHERIC AIR.

What are the obvious properties* of atmospheric

air f

Fluidityf^elasticitj];,expansibilitj'j and gravity.'

* The habitable and cultivated parts of the earth are lavishly

adorned with every thing to gratify the eye
5
the diversified ap-

pearance communicates pleasure, and prevents satiety
3
while

the whole is surrounded by an atmosphere which preserves vege-

table and animal life. It may be remarked, that to the trans-

parency of this atmosphere we owe all the pleasure we receive

from the variegated prospects which the earth affords.

f The fluidity of tlie air was considered in the last chapter.

See pages 33 , 3p.

i If a bladder be tied up with -a very small quantity of ah'

within it, and put under the receiver of an air pump, it will be

seen to inflate gradually as the pump is exhausted, till it becomes

of its full size
3
owing to the elasticity of the small quantity of

air within the bladder, which dilates in this manner, as the atmo-

spheric pressure is removed. A wrinkled apple placed under the

receiver of an air pump becomes plump and smooth, from the

same cause. The elasticity of the air is such, that Mr. Boyle

caused it to dilate by means of an air pump till it occupied nearly

fourteen thousand times the space that it usually does.

The elasticity of the air is proved by carrying a bladder half

full of air to the top of a high mountain
3

for the air will be per-

ceived to expand gradually as it approaches tlie summit.

E 2
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What do you mean hy the elasticity of the air?

If atmospheric air he compressed*' into a small

compasB;, it has the property of recovering its

former state, as soon as the pressure is removed;

which is called its elastieityf.

* Atmospheric air may be compressed into about tlie 1 28th

of its rrsual volume though, if an apparatus couh' be procured

of sufficient strength, it might doubtless be compressed to a

much greater degree : but owing to its elasticity it would regain

its original bulk the instant the pressure was removed. Saussure

made use of an instrument to show the elasticity of the air,

which he called a vianometer. It was a barometer enclosed in

a well luted globe. Being thus enclosed, it \vas only sensible

to tire elasticity of the air w'itliin the globe. Berthollet’s Che-

mical Statics. '

•|- It is now generally supposed that tlie air ow^es its elasticity

to the caloric which it contains ;
and that, if it cOuld be deprived

entirely of its caloric, it would lose its elastic form.

The rebounding of a common foot-ball would be a familiar

instance to explain the elasticity of the air to a child.

Bubbles of air rising from the bottom of a glass of water will

be seen to dilate as they rise to the surface
;
owing to the pres-

sure of the liquor becoming less and less.

The air gun and the forcing pump are constructed on thi.s

principle. It is by this property of air that fishes are enabled

to rise and sink in the water
j
nature having furnished tliem

with an air-h/adder, which they have the power of contracting

or dilating at pleasure. When the animal compresses this

bladder, its whole volume becomes less, and it sinks in the

water : when the pressure is removed, the air within the bladder

instantly expands, and the creature is enabled to rise.

Mr. Gregory has remarked (hat, if the air w-ere iiut elastic,

and so fluid as to be easily put in mot'on, there would he an end

to all the melody and harmony which now so much delight us.
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What is meant bp the expansibiUlp of the air f

The expansibility of the air is its property of

being’ rarehed by heat/ so as to occupy a larger

spare than it otherwisewould* *.

How far does the atmosphere extend?

The atinospliere is several miles higli, but how

far it extends is not exactly known f.

How admirably is every thing contrived, that It may not only

administer to our wants, but be subservient to our pleasures

also ! That music was designed by the Deily to produce parti-

cular efl'ects on man, might be shown veiy satisfactorily
j
but

there is not room in this place for such a discussion 3—though

one may say with Mr. Kayley,

“ That Heaven is pleased, when this bright power

Dispels the clo^^ds of earth, loo apt to lower

On every luunan mind, in life’s precarious hour.”

* If the neck of a bjadder, containing a small quantity of air,

be closely tied up and held to the fire, the swelling of the blad-

der by the rarefaction of the air within it, will afford an idea of

the expansilility of tlie air.

Mr. Robins has calculated, that the air which is disengaged

in the firing of gunpowder is rarefied by the heat, so as*to occu-

py a thousand times the space of tlie whole of the gunpowder

employed.

The dilatation or expansion which bodies experience by a

given elevation of temperature, is much more considerable in

elastic fluids than in liquids. Atmospheric air is an instance of

the truth of this chemical axiom. "Whenever this expansion

takes place, caloric is absorbed.

f If the atmo.-phere were of the same density througliout, its

height might be known by its effect in raising a column of

water or mercury
3
but as it increases in rarity the higher it
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What is the use of the atmosphere?

The atmosphere, which is the air we breathe,

is necessary for the support both of animal and

vegetablelife* *.

gscends, and is probably extremely rare in the higher regions,

we cannot possibly tell how far it may extend. It was attempted

to calculate the extension of the atmosphere by ascertaining its

comparative rarity at different heights ;
but this also was found

to be' impracticable. Since then, it has been estimated by the

length of our twilight, and supposed to be about forty-five rniles

high. Ifwe had no atmosphere, we should be in total darkness

at the instant the sun sinks below the horizon
;
but as the

sun illuminates the atmosphere for some time before it rises,

and after it has set, the light is reflected by the atmosphere to

tlie earth. We cannot but admire the simplicity of dais .contri-

vance, to prevent the sudden transition from light to extreme

darkness.

“ From night to day, from day to night.

The dawning and the dying light

Lectures of heavenly wisdom read j

With silent eloquence they raise

Our thoughts to the Creator’s praise.

And neither sound nor language need.”

* It has been ascertained by experiment, that no othergaseous

body with which we are acquainted can be substituted for at-

mospheric air. All the known gases have been tried

;

. but they

all prove fatal to the animal which is made to breathe them.

(Dr. Thomson, vol. iv. 709.) Water absorbs air when exposed

to the action of the atmosphere, and thence becomes a fit ele-

ment for the various tribes of creatures which inhabit it ; and

when covered with a crust of ice, cavities are formed in the ice

as it freezes, by which means a communication between the

external air and the subjacent water is preserved ;
in order to

support the life of those beings which reside there.
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Is the atmosphere of use in any other respect ?

The atmospheric air is necessary in every in-

stance ofcombustion* *: it ministers to several of

the pleasures which we derive from our sensesf ;

* “ The vital air

Pervades the swarming sea, and heaving earths^

Where teeming Nature broods her myriad births
j

Fills the fine lungs of all that breathe or bud.

Warms the new heart, and dyes the gushing blood
;

.

With life’s first spark inspires the organic frame.

And, as it wastes, renews tire subtil flame.”
* Darwik.

It is to the presence of air that water is indebted for its agree-

able taste. Boiling deprives it of the greater part of it
j
hence

die insipidity of boiled water.

* There is one exception to this axiom. If a combustible

substance be mixed with one fourth or one half its weight of

nitre, or with oxygenized muriate of potass, it will burn if atmo-

spheric air be excluded. • But this is owing to oxygen, one of

the principles of the atmosphere, being aflbrded by these salts.

See chap. xii. on Combustion.

f Were it not for atmospheric air, we should be unable to

converse with each other
;
we should know nothing of sound,

or of smell, or of the pleasures which arise from the variegated

prospects which now surround us. It has been well remarked,

that, if the Deity had intended qnly to give us existence, and

had been indifterent about our happiness or misery, all the ne-

cessary purposes of hearing might have been answered without

harmony
j of smell, without fragrance

;
of vision, without

beauty.

Perhaps nothing tends to give so satisfactory an assurance of

the goodness of the Almighty, as the consideration of the va-

rious uses to which the dift'erent substances in Nature may be

applied. With this view I copy what an elegant Frejich
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it gives buoyancy to the clouds, and enables the

feathered creation to transport themselves with

ease from one part of the earth to another*.

S-.r

wfitef- has said on this necessary fluid. “ In the use of^atmo-

spheric air, vian is the only being who gives to it all the modu-

lations of which it is susceptible. With his voice alone, he

imitates the hissing, the cries, and the melody of all animals

;

while he enjoys the. gift of speech denied to every other. To
the air. he also sometimes communicates sensibilitv ; he makes

u sigh in the pipe, lament in the flute, threaten in the tiumpet,

and animate to the tone of his passions even the solid brass, the

box tree, and the reed. Sometimes he makes it his slave : he

forces it to grind, to braise, and to move for his advantage an

endless variety of machines. In a word, he liarnesses it to his

car, and obliges it to waft him over the stormy billows of tlie

ocean.”

* Messrs. Robertson and Saccharolf, who ascended with an

air balloon from Petcrsbnrgh, in June 1804, took some live

})igeons with them. At different heights they gave liberty to

their birds, who seemed not very willing to accept it. The

poor animals were so terrified with their situation, that they

eking to the boat till forced froth it
j
when it appears their fears

were not groundless
;

for, on account of the rarity of the air,

their wings were nearly useless, and they fell towards the earth

with 'great rapidity: the second struggled with eagerness to

regain the balloon in vain
;
and the third, thrown out at the

greate.st elevation, fell towards the earth like a stone, so that

they suppo.sed he did not reaqh tlie earth alive. Retrospect,

vol. i. p4. This relation aff irds a fresh instance of the har-

nioniciS of Nature, and of the suitableness of every creature to

the medium rn which it was designed to live. The density of

the air, near the surface of the earth, we see is exactly what

was requisite for the residence of the feathered race
j
and the

specific gravity of every individual, of every species, is just suf-
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But xvhat is the use of the atmosphere being ex-

tended so far above the surface of the earih ?

It is this extension of the atmosphere which

occctsions ils, voeight

;

and this great weight pro-

duces manv important effects in the oeconomy of

nature* *.

ticient to enable it to occupy that element, and to move within

it at all times with ease and safety. The most acute fatalist

would surely be puzzled to account for these congruities. Let

us attribute them to the contrivance of that Being, who never

bestows existence but for the sake of conferring felicity, and

we are at once in possession of the most satisfactory solution.

* The pressure of the atmosphere may be shown by a simple

experiment. Place a card on a wine-glass filled with water

;

then invert the glass, and the water will not escape
j

tire pres-

sure of the atmosphere on the outside of the card being suffi-

cient to support the water.

The same thing may be shown by a different experiment.

^Invert a tall glass jar in a dish of water, and place a lighted ta-

per under it. As the taper consumes the air in tlie jar, its

pressure becomes less on the water immediately under the jar

;

while, the pressure of the atmosphere on the water tvilhout the

circle of the jar remaining the same, part of the water in the

dish will be forced up into the jar, to supply the place of the air

which the taper has consumed. Nothing but the pressure we
are .speaking of, could thus cause a part of the water to rise

within the jar, above its own level.

Again, the reality of atmospheric pressure may be explained

and demonstrated by a common barometer, merely by showing

how it acts upon that instrument.

“ In tubes pf glass mercurial columns rise.

Or sink, obedient to the incumbent skies.”

It is this action of the atmosphere which enables the limpet
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What arc the effects of the iveight of the atmo-

sphere ?
>. -

It is owing to the weight of the atmosphere that

we are enabled to raise water by the common
])ump* *j and to perform many other useful ope-

rations.

to attach itself to the rocks. It forms a vacuum iii its pyra-

midal shell, and the pressure of tlie atmosphere supports it

where it wishes to remain, without any further exertion of its.

own,

* It is impossible for a youth to understand this, unless it be

particularly explained to him
;
wnich may be done by telling

him, that the atmosphere presses equally upon the whole sur-

face of the water in the well, until the rod of the pump is

moved
;
but that, by forcing the rod down, the bucket com-

presses the air in the lower part of the pump tree, which being

elastic, forces its way out of the tree through tlie valve ; so that

when the bucket is again raised, that part of the pump tree un-

der the bucket is void of air
j
and the weight of the atmosphere

pressing upon the body of water in the well, forces up a column

of water to supply its place
;

that the next stroke of the pump

rod causes another column of water^ to rise,and that, as long as

the bucket fits the pump tree close enough to produce a vacuum,

a constant stream of water may be drawn from below. By cut-

ting a piece of pasteboard in the form of a valve, and fixing it in

a glass tube of a large bore, it will be no difficult thing to ex-

plain how the successive columns of water force up the valve
1.

in tlie pump tree, and how that valve supports the \vater when

raised, and prevents its return. See Additional Notes, No. 12.

Press’d by the incumbent air, the floods below.

Through opening valves, in foaming torrents flow.

Foot after foot in lessen’d impulse move.

And rising seek the vacancy aLove.” Darwin.



ATMOSPHERIC AIR. 59Chap. 3.3

JVhat other advantages do zee derive from this

extension of the atmosphere ?

If we liad little or no atmosphere, we should

have no cold water ;
for the waters on the face of

the earth would all evaporate at a very inferior

temperature* *; besides, the arterial vessels of all

A common syringe (which may be boughtfor a few pence)

will show the action of atmospheric air in pumping.

When a child sucks at the breast, it forms a vacuum with its

mouth, and the milk flows on the same principle.

In like manner the boy forms a vacuum between a piece of

wet leatlier, tied to a string, and a pebble stone
;
and, by means

of the pressure of the atmosphere, is enabled to lift the pebble

from the earth and carry it about, suspended by the leather.

The common syphon is indebted to this pressure also for its

action.

* On the tops of very high mountains, w'afer w'ill boil much

sooner than on the plains, where the atmosphere is heavier j

and it is known that many spirituous liquors, such as ether and

spirits of w'ine, lose a great part of their qualities when exposed

at such heights. See some interesting experiments in the first

chapter of Lavoisier’s Elements, also Additional Notes (at the

end of this volume). No. 3.

The quick evaporation which would take place if vve had no

atmosphere, may be shown by a common instrument, invented

by Dr. Franklin, called a pulse-glass. It is a small tube with a

bulb at each end, exhausted of its air, and containing a small

quantity of spirits of wine. If this instrument be held sloping,

with one end in the palm of the hand, the heat of the hand will

quickly cause the spirit to bcol
;
but the vapour rising to the

other end, becomes condensed as soon as it comes in contact

with the cold glass. This is a very cheap and simple experi-

ment, and shows that a very small degree of heat would be



/

CO ATMOSPHERIC AIR. [_Chap. 2.

organized beings would be so constantly dis-

tended, that animal and vegetable life would be

endangered

How are waters and other fluids preserved to us

1)7/ the weight of the atmosphere ?

The weight of the atmosphere, pressing on the

water, binds it down as it were, and prevents the

usual heat of the sun from converting this and all

other fluids on the face of the earth intovapour* *.

sufficient to ei^aporate most of our fluids if we had no atmo-

sphere. This instrument is also calculated to show that evapo-

ration produces cold ; for the instant that tire spirit begins to

boil, a sensation of sudden cold is felt on that part of the hand

where the bulb rests.

" It is the principle of evaporation producing cold that occasions

the injury which persons sustain bj' sitting in wet clothes. In

these circumstances, it is not the water that hangs upo}i them,

which produces the mischief, but the sudden loss of a large

portion of caloric, which is carried oft' from the body by ffie

evaporation of this water. If a healthy person were closely

covered up with his wet clothes, so that no evaporation could

take place, he would probably sustain no injury.

* That the waters on the face of the earth would be dissi-

pated in vapour by a small degree of heat, if we had no atmo-

sphere, may be shown by the following simple experiment :
—

Procure a bottle w’itli a very long iieck,jti// it with boiling water,

and cork it close so as to exclude the
,
air. Then it it be put

to stand in a bason of cold water, the water will sink in the

neck of the bottle as it cools. This shrinking of tire hot water

will produce a vacuum in the upper part of the bottle, and the

water within it will be seen to recommence its boiling with

great violence, d his can be owing to nothing but the cork

taldng off Uie pressure of the atmosphere from tire water. In

I
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. IIoxv does the weight of the atmosphere overate,

so as -.0 be beneficial to the animal and vegetable

creation ?
,

The uniform pressure of the atmosphere on the

exterior of all organized beings counterpoises the

like manner, water which has been cooled many degrees

below boiling will begin to boil again if placed under the

receiver of an air pump, as soon as we begin to exhaust the

receiver of its air. Under the pressure of the atmosphere

water boils at 2 1 2°, but in vacuo it boils when heated only to

d/". On the contrary, if additional pressure be given to water

by a Papin’s digester, it may be heated to 400”, without

ebullition. I^ad has often been melted by the water heated

in these digesters.

At the boiling fountain in Iceland the water iS thrown to the

height of go feet, and Is 5till boiling-hot when it falls to the

ground. This water, therefore, must have been much hotter,

in its reservoir', than the boiling point of water. See Troll’s

Account ofTceland.

Some philosophers have asserted that, if atmospheric pressure

were entirely removed, all substances on the face of the earth,

solid as well as fluid, would be dissipated in vapour.

It a small thin glass jar be half filled with good ether, and

placed within another jar half filled with water, and both be put

under the receiver of an air pump, when the air is exhausted

the ether will boil, and the water will be frozen. The cause of

these effects may be thus explained :—When the pressure of

tlie atmosphere is rennjved by the air pump from the surface

of the ether, its own latent caloric oc asions its expansion,

and, absorbing caloric from the water, it becomes converted

into gas
;
and the water, having lost its caloric of fluidity,

becomes ice,
’ The
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internal pressure of the circulating fluids^ and

preserves the vessels in due tone and vigour*.

The best elucidation of the nature of the pressure of the at-

mosphere, which I have seen, is in
“ Brisson’s Physical Prin-

ciples of Chemistry,” section 31 ,
and tlie following.

* Were it not for the pressure of the atmosphere constringing

the vessels in men and vegetables, the elastic fluids contained

in the finer vessels would inevitably burst them, and life become

extinct. Count Zainbeccari and his companions,,who ascended

with a balloon to a great height on the 7tli of November 1783,

found their hands and feet so swelled, that it was necessary.for

.

surgeons to make incisions in the skin. They ascended to so

great a height, that the pressure of the atmosphere was not

sufficient to counterbalance the pressure of the fluids of .the

body.

Persons who have delicate constitutions need not wonder

that they are generally much aftected by a change in the atmo-

sphere, when they learn that often in the course ot a few hours

the atmospheric pressure, on each individual, is increased or

diminished from one hundred weight to half a ton weight

;

while the internal pressure of the circulating fluids remains the

same. Supposing a man’s body to contain 15 square feet of

surface, (which is near the truth,) he wijl sustain a body of air

upwards of fourteen tons weight. But it is necessary to remark

that the air presses upwards, downwards, and sideways, in

every direction
;
and that it is owing to this equal pressure that

we are not injured by the vast weight of the atmosphere
j

for

the equal pressure, on all sides, resists as much as it is re-

sisted. B-

Whenever I hold my hand out in this fluid, I feel no weight

upon it, because the pressure under and above my luind is

equal; but if I lay my, hand on a hollow cylinder of glas.s,

placed on tlie plate of an air pump, and exhaust the air out of
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What is the 'weight of the atmosphere ?

It is about 2100 pounds upon everj square

foot. A column of air an inch square weighs

about 15pounds**. •

What other advantages do we derive from this

immense atmosphere ?

The great thickness of the atmosphere gives a

proper temperature to the rays of the sun; it also

reflects those rays so as to give a lucid brightness

fo every part of the heavensf ;
and is the cause

the cylinder, I become immediately conscious of somelhing

that presses it so forcibly to the glass, that I cannot release it.

The prop is now gone
;

I have no pressure under my hand
j
a

column of air, 45 miles high, forces it down by its weight,

and I must let in the air under it, before the hand can be with-

drawn.

Mr. Coates computed the weight of the air wliich presses

upon the whole surface of the earth, and found it to be equal

to that of a globe of lead sixty miles in diameter.

* A column of air of the height of the atmosphere, when

greatest, is equal to a column of water 35 feet high, or a co-

lumn of mercury of the same size 30^ inches high. Hence

water will not rise in a pump more than 35 feet, nor mercuiy

in a barometer stand higher than 30^ inches. See Additional

Notes, No. 12.

A quart measure of atmospheric air weighs about 17

grains.

f If there were no atmosphere surrounding the eartli, only

tliat part of the sky would appear light in which the sun was

placed
;
and if a person should turn his back to the sun, he

would directly perceive it as dark as night
;

for in that case
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of those dews and rains which make the earth

fruitful**.

Have you learnt any thing of the nature^

of the yir which forms the atmosphere of this

earill ^

Yes; it is a mixture chiefljoftwo different airs];^_

there would be no substance to reflect the rays of the sun to

his eyes. It is owing to Uiis reflection that the sun enlightens

the earth some time before it rises, and some time after it sets.

See this explained with perspicuity by Gregory, in his Astrono-

,mical Lessons, page 78—32.

* The atmosphere is tire cause of evaporation : it is the at-

mospheric air which holds the aqueous vapours in solution, and

preserves them in a gaseous state till they are condensed agaiy

into rain.

f For the discovery of the composition of atmospheric air

we are indebted to Scheele, whose genius when very young

enabled him to break the trammels of a dependent situation,

and whose subsequent investigations of Naturo have immorta-

lized his memory.

I Pure atmospheric air is composed of three gaseous sub-

stances only, but it is perpetually contaminated by a variety of

exhalations from the earth. “ The atmosphere is a vast labo-

ratory, in which Nature operates" immense analyses, solutions,

precipitations, and combinations : it is a grand recaver, in

which all the attenuated and volatilized productions ot ter-

restrial bodies are received, mingled, agitated, combined, and

separated. Notwithstanding this mixture, ot which it seems

impossible for us to ascertain the nature
;

the atmospheric air

is sensibly the same, with regard to its intimate qualities, where-

ever we examine it.” Fourcrov.
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which are cliemicallj combined* in certain pro-

portionsf

.

What do you call these airs which compose our

atwosphcrcl P

* When xhe nature of atmospheric air began to be under-

stood, it was injagined that it was a mere mixture of oxygen

gas and nitrogen gas : but we liave now abundant reason to be-

lieve that it is a real chemical compound
j

that is, that the oxy-

gen and nitrogen form atmospheric air by a chemical union.

Mr. Dalton, an ingenious modern chemist, is still of the first

opinion
;
but an experiment made by some friends of mine on

a large scale, proves, I think, the fallacy of his theory. In

order to produce sulphuric acid, without the intervention of

nitre, they caused a stream of atmospheric air to be thrown upon

burning sulphur, from avery powerful bellows constructed for the

purpose
;
and though the experiment was made under tlie most

favourable circumstances, and the blast kept up for three days, no

portion of sulphuric acid wa^ formed. Does not this prove that

oxygen has a greater affinity for nitrogen than for sulphur, and

that atmospheric air is not a mixture, but a chemical compound ?

f According to Mr. Davy, the air of Europe, Asia, Africa,

and America, differs very little in the proportion of its ingie-

dients. Journal Royal Instit.

J Atmospheric air is a chemical mixture of two distinct and

solid substances, viz. oxygen and nitrogen, rendered aerial by
the expansive power of caloric ; it likewise contains a portion

of carlxjiiic acid gas.

Oxygen and nitrogen, combined in various proportions, form

also no less than four other compounds, viz.

Nitric acid consisting of about

4 parts oxygen to 1 of nitrogen.

Nitrous acid of, 3 do. to 1 do..

Nitrous gas of, 2 do. to 1 do.

Nitrous oxide of^ 1 do. to 2 do.
>

P
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They are called oxygen air* and nitrogen air.

Are oxygen and nitrogen the only substances

which enter into the composition of the atmosphere ?

No : atmospheric air contains also one part in

every hundred of carbonic acid gas'j'j and several

adventitious substances.

* The respirable part of atmospheric air has been caUed

oxygen, on account of its acidifying principle; the other part

has been termed azote, from its known quality of killing all

animals that are obliged to breatlie it, when separated from

oxygen. The terms are taken from the Greek language. I

have in this work adopted nitrogen in preference to azote, be-

cause it is tire base of nitric acid, and it agrees in termination

with oxygen and hydrogen. Carbonic acid gas and hydrogen

gas are as incapable of supporting life as nitrogen
;

therefore

there is no reason why one should be called azote more than

the other.

It should be remarked, that oxygen requires light as well

as caloric in order to convert it into vital air. During com-

bustion, the vital air gives out tliis light in every direction.

f If a pure alkali or an alkaline earth be exposed to the at-

mosphere, it wll gradually absorb carbonic acid. Tliis is also

the case with several of the metallic oxides. As atmospheric

air is always furnished with carbonic acid, no wonder that so

large a number of the salts are found in tlie state of cai bonates.

Carbonic aCid gas is found to exist in the atmosphere not

only near the surface of the earth, but at the greatest heights ;

which is a proof tliat it is not a mere mixture, but that it is

chemically combined with the air, Saussure found it at the

top of Mont Blanc, which is esteemed the highest point of the

old continent. However, it is probable that the proportion of

carbonic acid is not so large at great heights as it is near the

earth
;

for the unfortunate philosophers who attended La Pe-
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Jfliat other substances are found in atmospheric

air f

Besides carbonic acid gas, which is che-

mically combined with theair* *, it holds a

portion of water in solution^; and sometimes

rouse in his last voyage coiild not detect it in the atmosphere
at the summit of the peak of Teneriffe. See La Perouse's

Voyage.

Thomson has calculated, that on the supposition of there

being 1 per cent, of carbonic acid dispersed throughout the at-

mosphere, its absolute quantity would amount to more than
one hundred millions of hundred millions of pounds avoir-

dupois
; and remarks “ that this enormous quantity undoubt-

edly serves some valuable purpose in ihe atmosphere, though
our knowledge of the changes which go on in that great labora-

tory is at present too imperfect to enable irs even to conjecture

the uses to which it may be applied.” Some of the uses of
carbonic acid gas in atmospheric air, I think, are very apparent.

Without it none of our buildings M’-ould acquire the necessary

degree of firmness, as it is well known that mortar hardens in

consequence of the absorption of this gas
j
and if the atmo-

sphere was entirely divested of it, it is doubtful whether plants
of all kinds would vegetate as they now do

j for its base is tlie

proper food of vegetables.

Unlayished Wjsdom never works in vain,”

* Carbonic acid gas is nearly twice as heavy as common air

:

hence it is evident that it must combine chemically with the
atmosphere, or it would be found only near the surface of the
earth. If it was merely mixed with atmospheric air, its gravit)'
would prevent it from ascending to any great height.

t Upon an average, atmospheric air contains about 1 per cent,
of water in the state of elastic vapour.

F 2
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"Contains hydrogen and carburetted hydrogen

gases*.

What are the sources of these other gases ?

Carbonic acid gas is constantly formed by the

respiration of animals and by cOmbustionf ;
and

hydrogen and carburetted- hydrogen gases arise

from various sources, particularly from marshes,

stagnant pools^ &c., all wliich are prejudicial to

the animal creation.

Jf carhonic acid air and carhuretted hydrogen

air are prejudicial to animed life, how are they cor-

rected in the atmosphere ?

These airs, which would cause the death of

* It is remarkable, that whenever aqueous vapour is added to

atmospheric air ati augmentation of volume is the consequence,

and damp air is always specifically lighter than dry air. This

shows that it is not a mere mixture, but a chemical combi-

nation.

From the frequent decompositions which are taking place

npon the surface of the earth, tlie atmosphere must always con-

tain a portion of hydrogen gas 5
but we have no ready means of

detecting it*

-f-
The quantity which is daily formed by these processes is

go great, that it must have increased rapidly, had not the Al-

mighty provided means for its being as- rapidly decomposed.

The wisdom and goodness of this appointment must be apparent

to those who know that whenever atmospheric air becomes

charged with one tenth of this gas, it is unfit for promoting

combustion, and is fatal to most animals that are obliged to

breathe it.
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any animal obliged to breathe thcm^, are the

proper nutriment of vegetables, and nature has

endowed them with organs for their decompo-

sition.

You have spoken of different gases ; vuhat do you

mean hy'gas P

When solid substances are rendefed perma-

* Every chemist must be aware that a large quantity of car-

lurcited hydrogen gas is^ perpetually evolved at the surface of

die earth
j
he must also know that this gas is fatal to animal

life. I could adduce a melancholy instance of a gentleman who

inhaled it by mistake, and died almost immediately in conse-

quence of it. How then has the all-wise Artificer of die world

contrived to protect its inhabitants from the baneful influence of

that immense quantity with which the atmosphere is perpetually

contaminated ? The means are as simple as they are impor-

tant.—Vegetables are so constituted that carbon and hydrogen

are die necessary food of plants, and conduce to the support of

vegetable life : their vegetating organs seize the carbonic acid

gas which comes within their reach, and while they appro-

priate the carbon to themselves, the oxygen is thrown oft' to

renovate the atmosphere by its union with the nitrogen rejected

by animal respiration. As all vegetables are in want both of

carbon and hydrogen, there can be little doubt but. that by their

means the atmosphere is divested of carburetted hydrogen gas

also. Thus, wliat is noxious to man is rendered beneficial to

vegetables
;
and the oxygen which vegetables are not in want

of, is separated by them in its utmost purity for the use of

man. I'he wisdom, the simplicity, and the beneficence of this

arrangement are so striking, and address us with so much
effect, that the mind of the reader may be left to nijike its

own reflections on the goodness of the Deity. See Additional

Notes, No. 10 and 37 ,
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nently aeriform by beat, the air thus produced is

called a gas*.

Is there any chemical means of analysing atmo-

spheric air f

By the operation of different agents, the seve-

* Van Helmont was the first chemist who made use of this

term to denote an elastic fluid. He gave fixed air the name of

gas.

All the simple gases are formed with a substance more or less

solid, and caloric. It is. caloric which separates the particles,

and gives to the whole a gaseous form. In order to produce

any of the gases, heat is generally made use of, though some-

times we have recourse to the acids for this purpose.

The gases are elastic, invisible, and permanently aeriform,

unless condensed by chemical combinations.

The permanency of the gases appears to be owing to the

strength of the affinity existing between caloilc ahd their bases>

which affinity resists every reduction of temperature.

When gases are produced by distillations, or by chemical

mixtures, the radical of the gas is not merely heated by calo-

ric, but caloric is chemically combined with it, and forms one

of its necessary component parts. Some of the gases, such as

muriatic acid gas, nitrous gas, &c., may be condensed by

water ;
but in this case a new combination is formed by the

acid and the water, and the caloric is disengaged in the form

of sensible heat.

For an account of the method of collecting gases, and of

transferring them from one vessel to anotlier, consult Beiken-

hout’s First Lines of Philosophical Chemistry, page 204, where

the necessary apparatus is minutely described, and approjiriate

drawings are annexed.

The pneumatic trough which is used for these purposes was

invented by Dr. Priestley. A common tub with a shelf fixed

in it was what he first used
3

afterwards he was furnished with
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ral gases may be separated from each other^ and

the quantity of each ascertained^.

Do you know the proportions of the different

gases in atmospheric air P

There are about 22 parts of oxygen, 77 of ni-

trogen, and one of carbonic acid gas, in every

100 measures of atmospheric airf.

a very elegant apparatus which the amiable Duke of Roche

-

foucault sent him from Paris.

* The method of doing this may be seen in Priestley, or in

Black’s Lectures, to which I refer the reader.

The gases have been divided by some writers into two

classes, viz. those that are respirable, and capable of maintain-

ing combustion, and those that are not respirable, and incapa-

ble of maintaining combustion. It is remarkable that if we at-

tempt to breathe any of the non-respirable gases, they stimulate

the muscles of the epiglottis in such a manner, as to keep it

perfectly close, and prevent, in opposition to our exertions, the

smallest particle of gas from entering into the bronchia. Some

modern atheists have asserted that the members of the animal

body have acquired their adaptation to the wants of the indivi-

dual by habit
;
and that they have been gradually formed to

what we see them by repeated use from generation to genera-

tion
j
but here is an instance of the parts refusing action, for the

preservation of the animal. This peculiar faculty therefore, as

a celebrated writer has remarked in another instance, could not

have grown out of the use of the parts though it had had an eter-

nity to grow in. It can only be attributed to that beneficence

of contrivance, which in so many instances excites our gratitude

and admiration.

f The proportions, according to Lavoisier and other writers,

are 27 of oxygen and 73 of nitrogen : and if tliey calculated by

•weight, these proportions will be near the truth, as the specific

gravity of oxygen gas is greater than that pf nitrogen gas.

1
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Is there much difference in the nature of these

gases ?

Yes: they are of different and opposite qua-

lities*.

The pupil may be satisfied with the truth of these proportions

in various ways;—the following is the easiest:

A lighted taper will not burn in nitrogen gas a moment ;
if

immersed in oxygen' gas, it burns with a splendour too great for

the eye to endure : but if three measures of nitrogen gas and

one of oxygen gas are put into a jar inverted over water, and a

lighted taper put into such mixture, it will burn exactly the

same as it does in atmospheric air.

If a few hundredth parts of oxygen only were wanting in

atmospheric air, fire would lose its strength, candles would not

diffuse such complete light, and animals \vould witli difficulty

separate the necessary quantity of the vivifying oxygen. On

the other hand, if the atmosphere were more charged with oxy-

gen than nitrogen, animals indeed would acquire a freer respi-

ration
;

but let us consider the activity which fire would ac-

quire by air of superior purity. We know that, on some oc-

casions, the least spark excites the strongest flame in a com-

bustible body, and which increases so much as to consume it in

a few moments : candles then would be no sooner lighted than

they would be destroyed, without answering any other purpose

than that of dazzling us for a few' moments : iron would be cal-

cined, instead of acquiring from the fire that softness necessary

for transforming it into various instruments, and which it cannot

receive in a more moderate heat. Nothing would be capable

of checking the progress of this destructive element, wliich is

nourished by vital air, it this aeriform sul)stance were not abun-

dantly mixed with mephitic air, which serves to restrain it.”

Anthony de Marti on the Constitution of tire Atmosphere.

* These gases are of such opposite qualities, that the one is'

sometimes called vital air; while the other, from us causing (he
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What are the properties of oxygen gas ?

The oxygen gas in at.niosplieric air is the prin-

ciple of combustion and the vehicle of heatf ;

and is' absolutely necessary for the support of

animal life;|;.

death of those who breathe it, is by the French chemists (as

has before been remarked) called azotic gas.

* Thq necessity of oxygen for supporting combustion may
be shown by the following simple experiment. Pour a little

water on a flat dish, place two or three lighted wax tapers of

diflerent lengtlis in the water, and invert a tall glass jar over

tliera. The flame of the different tapers will soon be seen to

grow smaller, and at length will be extinguished in succession.

That which is highest will be extinguished first, and tlie shortest

taper the last, owing to the purer air occupying the lower part

of the jar,

f
“ Dr. Higgins having caused a young man to breathe pure

oxygen gas for several minutes, his pulse, which was at 64,

soon rose to 120 beats in a minute. The advantage which may

be derived to the sick, by increasing or diminishing at pleasure

this natural stimulus in the blood, may be easily conceived
;

for,

by abstracting a part of the oxygen from atmospheric air, the

pulse may likewise be lowered at pleasure.” (Thornton’s Phi-

losophy of Medicine.) See Additional Notes, No. 6 and 8.

Pure oxygen gas has been used also with success in ciises of

suspended animation.

Water impregnated witli oxygen gas has been found a valu-

able remedy in several diseases. By dcj)riving common watej:

of atmospheric air by boiling, and tlien forcing oxygen gas into

it, I have occasioned a large absorption of it, and have found that'

it retained it belter than carbonic acid gas is retained by water.

X It has been proved by Mr. Hassenfratz, that ox)'gen is

pecessary to promote the vigour of plants as well as that of

animals
3 and that to tills end, a much larger (piantity of oxygeo
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What is the nature of oxygen gas, when in a se-

parate state ?

Pure oxygen gas has the property of accele-

rating the circulation of all the animal fluids, and

occasions the most rapid combustion of all com-

bustible substances ; so that it is the most ener-

getic and powerful agent that we are acquainted

with.

What is the specific gravity of oxygen gas ?

Oxygen gas is a little heavier than atmospheric

air* *, and 740 times lighter than water.

What are the principal properties of nitrogen

gas ?

Nitrogen gas is chiefly distinguished by cer-

' tain negative qualities, such as its being incapable

of supporting combustion and animal life. It is

is combined with snow, and in rain water, than in river or

spring water.

Leaves, lungs, and gills, the vital ether breathe

On earth’s green surface, or the waves beneath.”

A collection of experiments on the effects of oxygen on ani-

mal and vegetable life may be seen in Archer’s Observations

on Oxygen,” 8vo. Dilly, 1 798. See Additional Notes, No. 6 .

* At the temperature of 54.50, when the barometer stands

at 28 inches, oxygen gas is 12 drachms (or l| ounce) to each

cubical foot 3
whereas nitrogen gas is only 10 drachms 48 grains

to the cubical foot.

Oxygen gas is plentifully procured from nitre, or from the

black oxide of manganese. Four ounces of nitre melted with

a little slacked lime produced Mr. Ingenhouz 3000 cubic inches

of vital air. See Additional Notes, No, 7 .
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uninflammable, and somewhat lighter than atmo-

spheric air*.

Seeing that nitrogen gas is injurious to animal

life, what is the use of so large a quantity of it in

atmospheric air f

Nitrogen gas has the effect of neutralizing, in

some measure, the properties of oxygen gas, and

rendering it fit for respiration and combustion f.

* Nitrogen enters into all animal substances, and generally

in combination with carbon and hydrogen. It is also the base

of ammonia, and of the nitric acid. It appears to be favourable

to plants, as they grow and vegetate freely in this gas. It seems

to be the substance which nature employs in converting vege-

tables to animal substances
5
and to be the grand agent m ani-^-

malization. See Fourcroy’s Philosophy of Chemistry chap. xi.

"When nitrogen gas is required for experiments, it may be

thus procured :—Take a few iron filings, mix tliera with a little

sulphur, and moisten the mass with water. Put this mixture

into a large glass jar, and cork it close. In a few days the

oxygen will be absorbed by the mixture fi’om the air which was

previously in the glass, and the residuum will be found to be

nitrogen gas. It may be procured also by digesting very dilute

nitric acid with pieces of flesh, or on the muscular fibre.

-f-
According to Trousset, the gas emitted by the skin is pure

nitrogen. Annales de Chimie, tom. 45 . 73*

“ If the proportions of oxygen and nitrogen were reversed

in atmospheric air, the air taken in by respiration would be more

stimulant, the circulation would become accelerated, all the

secretions would be increased, the tone of ih- 'easels, thus sti-

mulated to increased action, would be destroyed by over excite-

ment
;
and, if tlie supply from the stomach were not equal to

the consumption, the body must inevitably waste and decay.”

—

(Dr. Lambe.) Hence the wisdom of the Deity, in the consti-
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Hoiv is this change effected by nilrogen gas ?

Bj the union of nitrogen gas with oxygen gas;

the latter, which would burn every thing wdthin

its reach with an unparalleled activity, is, as it

were, dissolved and diluted ; and the nature of

the former is so much enveloped by the latter,

that the compound possesses' properties different

to either of these gases, so as to be fitted for every

purpose for which it wasdesigned* *.

How does atmospheric air support lifei P

tution of atmospheric air, is as evident as in the nutritious qua- .

lity of the food which he has provided for the support of the

creatures of his formation.

* Though nitrogen gas is, by itself, so noxious to animals, it

answers an important end when mixed with oxygen gas in at-

mospheric air. Were it not for this large quantity of nitrogen

in the atmosphere* the blood would flow w'ith too great rapidity

through the vessels, and all animals would have too great spirits

;

the consequence of which would be, that the life of man would

not be protracted to the length that it now is.

“ From Nature’s chain, whatever link you strike.

Tenth, or teuthousandth, breaks the chain alike.”

Nitrogen gas has been medicinally administered witli success

in cases of increased irritability, such as inflammation, &Ci

Fourcroy,

-I-
The necessity of atmospheric air, for the support of life,

was exemplified by a melancholy accident which happened to

two men in the bay of Dublin, who went to visit a wreck in a

diving bell. Two barrels of fresh air were to be alternately sent

down to them, and the contaminated air was to be let out by a

stop cock at the top of the bell. But, by the contraction whicli

ropes sufl'er in being wet, the bell turned round in its descent.
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Bv giving out its oxygen and caloric to the

blood*.

and entangled the strings by which the divers meant to ring

bells, and indicate their wants to the people on board the ship

from whence they were lowered. Waiting too long for these

signals, the bell was raised, and the divers were both found

dead. They were not drowned, but died, like the unhappy

people in the hole at Calcutta, for want of a supply of pure air.

* Dr. Priestley has shown, by a variety of experiments, that

the blood perpetually receives oxygen gas (or what he calls de-

phlogisticated air) from the atmosphere, by the agency of tire

lungs. See his Experiments on Air.
’

“ The blood is purple when it arrives at tire lungs
j
but

having there thrown off hydrogen and charcoal, it imbibes the

vital air of the atmosphere, which changes its dark colour to a

brilliant red, rendering it the spur to the action of the heart and

arteries
j

the source of animal heal
;
and the cause of sensi-

bility, irritability, and motion.” Thornton’s Philosophy of

Medicine,

Black venous blood, exposed to die air, becomes red on its

surface
5
and air, remaining confined over venous blood, loses its

o.xygen, so that what remains is found to be unfit for combus-

tion. These facts prove that the vermilion colour of the blood

is owing to the inhalation of oxygen gas.

The internal surface of the lungs, or air vessels, in nian>

is said to be equal to the external .surface of the whole body : it

is on diis extended surface that the blood is exposed, through

the medium of a thin pellicle, to the influence of the respired

air.” Dr. Darwin, See Additional Notes, No. 8.

“ ’Tis surely Con
Whose unremitting energy pervades.

Adjusts, sustains, and agitates the whole.

He ceaseless works alone
j
and yet alone

Seems not to work ; with such perfection framed

Is diis complex stupendous scheme of things.” Thomson*.
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What do you mean hy caloric ?

Caloric is the name which modern chemists

have given to fire^ or the matter of heat ; a large

portion of which is intimately combined with at-

mosphericair* *.

Is the caloric, which is combined with the air we

breathe, sufficient of itself to keep up the necessary

heat of the body ?

Animal heat is preserved entirely by the inspi-

ration of atmospheric air. The lungs^ which

imbibe the oxygen gas from the air^ impart it to

the blood ; and the blood, in its circulation, gives

out the caloric to every part of the bodyf

.

By the rise of the breast-bone in man, and the descent of the

diaphragm, room is afforded for 42 cubic inches of atmospheric

air at fevery drawing in of the breath, A deeper inspiration will

give room for more than^twice this quantity, Keill’s Anatomy.

* This name was given by the framers of the new nomen-

clature to the matter of heat, which they always distinguish .

from the effect. Caloric is applied to lire, or the substanqe

which produces the sensation we call heat, but never to the

sensation itself, or the effect produced by fire. In this case,

it is said that caloric raises the temperature of bodies, or, on the

contrary, that the temperature is lowered by the loss of caloric.

Dr. Menzies ascertained, that the blood in its passage

through the lungs gains more than one degree of
,

Faluenheit’s

thermometer. Dr. Menzies on Respiration,

Dr. Crawford instituted a series of experiments, with a view

to discover the cause of animal heat. In the course of his in-

quiry, he found that blood contains a much greater quantity «f

absolute lieat than the elementary substances of which it is

composed, and that in. its change from venous ^o arterial blood.
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How do clothes conduce to presei've the heat of

the body?

As the temperature of the atmosphere in thiscli-

it acquires a greater' capacity for caloric
;
by which admirable

contrivance, any rise of temperature in the lungs which would

be incompatible with life, is prevented.

Nothing can afford a more striking proof of creative wis-

dom, than tliis provision for the preservation of an equable

animal temperature. By the decomposition of atmospheric air,

caloric is evolved, and this caloric is taken up by the arterial

blood, without its temperature being at all raised by the ad-
'

dition. When it passes to the veins, its capacity for caloric is

diminished, as much as it had before been increased, hi the

lungs : the caloric therefore, which had been absorbed, is again

given out ; and this slow and constant evolution of caloric in

the extreme vessels over the whole body, is the source of that

uniform, temperature which we have so much occasion to admire.

This same chemist has ascertained, that whenever an animal

is placed in a medium the temperature of which is considerably

high, the usual change of arterial into venous blood does not

go on
j consequently, no evolution of caloric will take place,

and the animal heat will not rise much above the natural

standard. How pleasing is it to contemplate the arrangements

which the Deity has made for the preservation and felicity of

his creatures, and to observe tliat he has provided for every

possible exigency

!

According to Lavoisier, a man generally consumes 32 ounces-

troy of oxygen gas in 24 hours
j

that is, tlie lungs separate this

quantity of oxygen gas from the air which he respires in that

time.

The blood, in passing through the lungs to take up oxygen

gas, throws off charcoal j
for there is a larger portion of car-

bonic acid gas thrown out in every respiration tJian could be

furnished by the atmosphere.



atmospheric air.so [^Chajp. 2.

mate is always inferiorto the animal temperature*, -

Lavoisier has shown that, in respiration, there is a constant

combination of the oxygen of the atmosphere with the hydro-

gen and carbon of the blood. See Additional Notes, No. 9.

Thus Lii'E discordant elements arrests.

Rejects the noxlovs, and the pure digests j

Cembines with heat the fluctuating mass.

And gives awhile solidity to gas.” Darwin.

See a good Memoir on Respiration, and the Production of

animal Heat, by Armand Seguin, in the 6th volume of the

Monthly Magazine, page g4; but this subject is treated more

at large by Dr. Rostock, of Liverpool, than any other writer :

to his work I would refer the reader.

* Those animals which do not breathe, such as fishes and

insects, have a bodily temperature but little superior to the

medium in which they live. The temperature of all animals is

proportional to the quantity of air which they breathe in a given

time. Man, quadrupeds, and the whale tribe, have a heart,

and'breathe through lungs
;

in consequence of which structure

heat is evolved during the circulation of the blood. They are

therefore called warm-blooded animals. In the severest winter,

or in the coldest regions that man or any quadruped can inhabit,

the temperature of the body is hardly a degree lower than in

the warmest summer, or in the torrid zone. A thermometer

with its bulb under the tongue, or buried in a wound in any

fleshy part of the body, always indicates a heat of g7
" or 98°,

be the temperature of the air what it may.—(Skrimshire’s Es-

says). This astonishing effect is produced by the decomposi-

tion of atmospheric air, as explained in the preceding notes.

A postulatum has been assumed by some atheists, that the or-

gans of the body iiave been formed by what they call appe-

tency, i. e endeavour perpetuated, and imperceptibly working

its effects through a long series of generations ; but I would a.sk

any man of common understanding* whether he would like to
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^lothes* are necessary to prevent the sudden

escape of that heat from the surface of the

bodjf whicli the lurtgs have separated from the

atmosphere.

assert that he believes this to have been tlie way in which the

lungs acquired the fitculty of decomposing atrnospheric air
j
and

that he believes that this hypothesis is sufficient to account fot

the composition of this air, which so exactly suits the operation

of these lungs, and which contains tliat exact portion of caloric

which the animal (Economy requires ! It is worthy of remark,

that cold-blooded animals, which are riot furnished with this

breathing apparatus, are so constituted that their temperature

changes with every change of the temperature of the surround-

ing medium. Frogs have been absolutely frozen so as to chiyi

like ice, and yet when carefully and gradually thawed have been

completely reanimated,

* Clothes keep the body warm in consequence of the air

which they infold within them
3
atmospheric air being a non-

conductor of heat. It is on this principle tliat double wiridows

preserve th(j warmth of apartments at an equable temperaturd.

In like manner double lids for boUerS, formed so as to hold a

sheet of air, are found to be very effectual for preserving the

heat of the liquor with a very small portion of fuel.

On this principle it is that light spongy substances, such ai

furs and down, afford the warmest clothing. Hence it is that

the carpet which covers tlie earth in winter, is spread out b/

Nature with so light a hand, that it might hold an abundant:®

of atmospheric air within its interstices, to preserve the w'armth

of those innumerable tribes of vegetables which it is destined to

protect,

t We clothe ourselves wit

ductor of heat and retards its escape from the body. The in-

habitants of Russia clothe themselves in fur, because fuir is

c

Iwool, because it is a bacii^on-
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Whot becomes of the nitrogen 'which was com-

bined with oxijgcn in atmospheric air?

The greatest part of the nitrogen is throwni out

of the lungs at every respiration and being

still a worse conductor of heat than wool. Sheep are natives of

a temperate ernnate j
but bears and ermine of the coldest. The

provident care of the Creator is evidently conspicuous in this

appointment, and’ discovers the same undeviating attention to

the comfort of all Iris creatures hence the clothing of animals

in the torrid zone is hair, in the temperate zones wool, m th©'

frigid thick fur.

The reason why we feel cold when naked, is owing to the

property the air possesses of expanding by heat. For the aii in

contact with an animal body becoming expanded, is of cour.se

specifically lighter than the surrounding air
;

it therefore rises,

and gives place to another stream of cold air ;
and this process

•continually going on, more caloric is taken from the body than

can be spared vvithout inconvenience.

* It is not simple nitrogen which is thrown out, but nitrogen

gas-, and it has been imagined, llrat when atmospheric air is

decomposed by the lungs, part of the calorie remains combined

with the nitrogen, to preserve it in the form of gas ; but it is a

curious fact, that nitrogen gas and carbonic acid gas, botiv

which arc thrown otf in the act of respiration, have less ca-

pacity for caloric than any other gaseous substance. It is a

general characteristic of the gases, that they absorb a large

portion of caloric to preserve them in a gaseous form. Yet one

ofthese gases has less capacity for caloric than many liquids,

and the other (nitrogen grr) less capacity than eveirice. Could

any thing possibly have been better contrived for the preserva-

tion of that portion of caloric, which is necessary to keep up

the animal temperature

!

According to Mr. Davy, a small portion of nitrogen (viz.
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somewhat ligliter tlian atmospheric air, it rises

into the atmosphere to await fresh combinations*.

4 or 5 ounces in 24 hours) is absorbed by the blood, and furnishes

the animal with one of its constituent parts. See Davy’s Re-

searches.

It may be remarked, that the interval which there is between

every inspiration seems to have been designed, to allow time

for the nitrogen gas which is thrown out of the lungs to mount
in the air above the head, in order that a fresh portion of air

might be taken in, and that the same air might not be repeat-

edly breathed. That this actually entered into the plan of the

Divine mind, may be presumed from the levity which has been
given to nitrogen gas, and which enables it to rise in atmo-

spheric air.

* It may be observed that, if the specific gravity of the two

constituent jiarts of atmospheric air had been reversed, the nitro-

gen thrown oft' by the respiration of men and' animals would
have perpetually occupied the lower fegions of the atmosphere,

and produced universal pestilence., Nitrogen gas is very little

lighter than atmospheric air, but probably to that little the

atmosphere owes the salubrity it possesses. How provident

has the Almighty been, in thus foreseeing the operation of tho^e

laws which were designed to promote the w'Clfare of every

species of animated beings !

A vessel of 1000 cubic inches will contain 315 troy

grains of common air
;
but it will contain 335 of oxygen

gas, and only 2fi7 of nitrogen gas.” Dr. Black’s Lectures,

vol. ii. lOg.

From the experiments of some aeronauts, it appears that the

air in the upper regions is more impure than that nearer the

earth
j
which is probably owing to the greater levity of nitro-

gen gas, or to the eft'ects of vegetation on the lower parts of
the atmosphere,

G 2
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What provifiion has nature madefor restoring,

the vast quantiiij of oxygen zvhich respiration and

‘combustion are perpetually tahiiig from the atmo-

sphere P

The leaves'^ of trees and oilier vegetables give

out during tlic day a large portion of oxygen

gasf, which, uniting with the nitrogen gas

thrown off hy animal respiration, keeps up the

equilibrium, and preserves the salubrity of the

atmosphere*

* The upper side of the leaf is the organ of respiration

)

hence some vegetables (as they give out oxygen only in the

day) close the upper surfaces of their leaves during the night.

The multiplicity of the leaves of trees, &c. shows the import

tance of transpiration to a vegetable;

To obtain oxygen gas from tlie leaves of plants, fill a glass

bell with water, introduce leaves under it, and place the bell

inverted in a flat dish of water. Expose the apparatus to tlie

rays of the sun, and veiy pure oxygen gas will be disengaged,

which will displace the water in the jar, and occupy its place.

A sprig of mint, corked up with a small portion oifoul air and

placed in the light, renders it again capable of suppoi ting life.

The plant purifies what the animal- had poisoned.

,
Hales found that a sun-flower, three feet high, tnnspired in

12 hours seventeen times as much as a man.

f Thus while the vegetable tribes inhale

‘ ‘ The limpid water from the parent vale,

'
. Their vegetating organs decompose

The salutary compound as it flows,

Anri, by affinities unknown, dispart

T he subtle hydrogen, with chcmic art.
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Is this perpetual renavation of the atwosphere

owing to a fortunate concurrence of circumstances,

or is it the effect of design and contrivance?

When we recollect the various processes of

nature and art, whicli concur with respiration

and combustion in depriving the atmosphere of

its oxyg’en ; and that, notwithstanding, the at-

mosphere uniformly contains every wliere the

same proportion of this gaseous substance, we

can attribute the renovation to nothing but de-

sign, and perceive in it a proof that the laws of

nature must be referred, not to blind cliance.

To blend it with the carbon of the soil,

A»d form bitumen, resin, wax, oroil“:

The free’d caloric bursts the expanding mass,

And swells the nascent oxygen to gas

5

Which, from its inmost cells, each leaflet pours

In vital currents through its myriad pores.

To renovate the air, by tempests hurl’d

From pole to, pole, around a freshen’d world.

xMl the oxygen is not given out by plants
;

part must be

retained to form the sugar and acids which are found in vege-

tables. Mr. Cruickshank has shown by experiment, that oxy-

gen is absolutely necessary for the conversion of mucilage into

sugar. (Rollo on Diabetes.) Plants also absorb nitrogen from

the atmosphere with avidity
j
and this is another means of keep-

ing up the standard purity of atmospheric air.

* See the clcventli question of chapter iv.
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but to unerring intelligence combined with in-

finitegoodness* *.

*

* All kinds of vegetables, when assisted hy the rays of the

sun, have the power of decomposing water
;
during which de-

composition the hydrogen is absorbed, and goes to the forma-

tion of oil and resin in the vegetable j
while the oxygen com-

bines with part of the caloric recciv'ed from the sun, and is

given out in the form of oxygen gas
;

so that this one operation

of nature gives nourishment and provides materials of growth

to the vegetable creation, and at the same time renovates tlie

vital principle in tlie atmosphere. Nothing short of consum-

jTiate wisdom could have conceived any thing half so beantiful

in design, or extensively and superlatively useful in effect. See

Additional Notes, No. 10 and 18.
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CHAP. III.

OF CALORIC.
X

WHAT is heat ?

Heat is the Avcll-knowfi sensation occasioned

by bodies of a superior temperature’'*^.

What name is given to the matter of heat?

Chemists have agreed to call the matter of heat

caloric\, in order to distinguish it troin the sen-

sation which this matter produces;};.

* The sensation of heat and cold arises from the tendency

which caloric has to diffuse itself equally amongst all substances

tliat come in contact with it. If the hand be put upon a hot

body, part of the caloric leaves the hot body and enters the

hand ; tins produces the sensation of heat. On the contrary,

if the hand be put upon a cold body, part of the caloric con-

tained in the hand leaves the hand to unite with the cold body :

this produces the sensation of cold.

For the best methods of producing artificial cold, consult

Mr. .Walker’s papers in the Philosophical Transactions for 179^

and for 1601.

d In answer to the question, What is the cause of caloric ? it

may be necessary to state, that philosophers have differed in

their opinions on this subject. Some have considered it merely

the consequence of a peculiar motion among the particles of

bodies, and that it has no existence independent of niotimi, any

more than sound has. Others have sui-'poscd that it is really a

distinct substance, which exists independent of every other.

1 he latter is the opinion of modern chemists.

+ In order to give precision to chemical language, P was
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What are the uses ofcaloric* *?

Caloric is every where indispensable to the

existence of man. “
It is with fire that, in every

country, he prepares his food, that he dissolves

metals, vitrifies rocks, hardens clay, softens iron,

and gives to all the productions of the earth the

forms and combinations which his necessities

require.”

What are the sources of caloric ?

There are six sources from w^hence we procure

caloric ; viz. from the sun’s rays, by combustion,

by percussion, by friction, by the mixture of

different substancesf, and by means of electricity

and galvanism.

necessary to find a term to distinguish the matter of heat from,

its effect
j

for, whenever caloric becomes fixed in a body, it

loses its property of affording heat. Nothing can be more evi-

dent than that caloric may exist in many substances, without

producing any of the effects which arise from the agency of fire.

* Many of the uses of fire will immediately occur to every

individual, whenever the importance of this subtil fluid is al-

luded to
;
though perhaps the wisdom of the Deity, in giving

the use of it to man only, has not been often noticed. Why

has this powerful agent been solely intrusted to man ? Why
was every fowl of heaven, and every beast of the field, im-

pressed with an unconquerable dread of approaching it ? If it

were at the disposal of animals, which of our possessions, or

even of our lives, would be safe for a single moment

!

f These are the chief sources of caloric with which we are

acquainted 3 but there are instances o{ spontaneous combustion

on record, which are unaccountable. The most remarkable ^

case that I have seen, is related in the Philosophical Magazine,
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Which ofthese is the principal source of caloric ?

The sun is the first source which furnishes tlie

earth with a reg-ular supply and renders it ca-r

pable of supporting the aniinal and vegetable

creationsf.

How is caloricfurnished hy combustion ?

The oxygen gas of the atmosphere is decom-

vol. xvi. 92. See also an interesting memoir on this subject,

yol. xviii. 346.

Perhaps compressim mighf with propriety be added to this

list. See an account of Mr, Biot’s Experiment, in a note,

chap, iv
j
and that of the effects of the sudden compression of

atmospheric air in the chapter on combuslion.

* Caloric comes tp us from the sun at the rate of 200,000

miles in a second of time
5

but Dr. Herschel has proved, that

the solar rays which produce heat are distinct from those which

illuminate and produce vision.
,

Such investigations have a tendency to impress us with the

most sublime ideas of the oeepnomy of the universe, and to con-

vine** us of the infinite resources of its Divine Author,

“ Great source of day ! for ever pouring wide.

From world to world, the vital ocean round.

On Nature write, with every beam. His prai.se.”

f According to the laws of nature, animal and vegetable

life are both very much influenced by the temperature in which

they exist
5
we therefore find diflerent kinds of vegetables,

and a different race of animals, approprlateil to the different

climates of the earth.

That caloric is as necessary for the support of vegetable as it

is for that of animal life, may be proved by direct experiment.

If in the midst of winter a hole be bored in a tree, and a ther-

mometer put into it, it will be seen tliat the tree is many de-

grees warmer than the atmosphere. Walker, vol. i, ip;/.
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'posed by combustion ;
and caloric, one ol’ its

component ]}arts, is set at liberty *.

Hoxv is caloric produced hij percussion ?

' The heat produced by percussion is generally

occasioned by the conij)ression of the particles of

the body, which compression forces out a portion

of its latent caloricf.

IIoxc is caloric produced finclion?

It is not known how friction produces caloric;];,

* Wg are indebted to Lavoisier for tlie discovery that caloric

is disengaged from atmospheric air by combustion : it wa.s he

who pointed this out as a general law of nature, “ that ii; all

ca'ps of combusjion, oxygen cornbines with the combustible,

during the act of combustion.” For a further explanation of

this phsenomenon consult tire chapter on combustion.

f As evaporation produces cold, condensation always pro-

duces heat . that is, caloric is always evolved from those bodies

vyhich have undergone any degree of condensation. In the quo

case caloric is absorbed, ip the other it is set at liberty.

By tire collision of flint and steel so much caloric is disen-

gaged, that the metallip particles which are struck off are actu-

ally melted thereby. This is evident, from their being always

found in a spherical form. See note f, page 9^
+ Mr. Thomas Wedgwood has shown that this subject has

never yet been explained. He took a piece of common win-

dow-glass, and held the edge of it against the edge of a revolv-

ing grit-stone, and the part in contact with- the stone bechme

red hot, and threw off hot particles which fired gunpowder,

'lire stone and the glass being both iircombustible substances,

it renraiirs to be explained bow caloric was produced. Piriloso-

pbical Transaction.s for 17g2.

Tire original inhabitants of the New World, throughout the

whole extent frpna Patagpuia to-Grepnland, procured flrp Iw
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unless we suppose it to be a succession of per-

cussions ; or it is probably to the agency of elec-

tricity* * or galvanism alone we must ascribe the

cause.

In what way can heat he produced by means of

electricily or galvanism ?

By the discharge of an electrical battery f, or

by the galvanic apparatus^, a more intense degree

of caloric may be obtained than by any other

means whatever.

nibbing pieces of haid wood against other very dry pieces, till

they emitted sparks, or kindled intoa flame. Some of the peo-

ple to the north of California had the method of inserting a

kind of pivot in the hole of a very thick plank, and by its cir-

cular friction produced the same effect. Dr. Rees s Cyclopaedia,

Instances have occurred, where whole forests have been

burnt down, by fires kindled from the violent friction of the

branches against each other by the wind.

* For the reasons on which this supposition is grounded

consult Dr. Thomson, vol. i. 445.

-j- By means of an electrical battery metals may be suddenly

fused, and gases united, which we are unable to combine by

any other mode.

t If fine metallic wire be made part of a powerful galvanic
*r

circle, it will be melted in an instant, and gi'e out the most

beautiful coruscations of light, of various colours, according to

the nature of the metal employed. In like manner gold and

silver leaf, when submitted to galvanic action, burn with the

greatest splendour, and afford spectacles cxtiemely beautiful. If

a piece of charcoal, from hard w'ood, be inflamed by galvanism,

the light produced seems to vie with that of the sun, being too

intense for the eye to endure. i
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How is caloric produced hij mixture?

When lieat is produced by the inixtiu’e of two

or more substances^ it is owing to tlie finid part

of the mixture taking a more solidform* *; for

neitlier water nor any other fluid can acquire an

increase of density without giving out a portion

of its latent caloric f.

"With Mr, Pepys’s apparatus, charcoal has been deflagrated

by the galvanic power, after passing through l6 persons with

wetted hands joined.

* Whenever two gaseror liquids unite chemically, the com-

pound has greater density than the mean density. Thus the

vapour of water, at the heat of ebullitiop, occupies much less

space than the hydrogen gas and oxygen gas, which, copapose

it, would have occupied at the same temperature. Nitrous gas

has a specific gravity greater than tli;tt of the sfinple mixture of

its two elements : it is the same with ammoniacal gas , and

this latter, though its elements are already gi-eatly condensed,

experiences a new condensation when it combines wi,th muriatic-

acid gas; which is even so considerable, that both take a solid

I'orm. Berthollet.

f Sulphuric acid and water experience this condensation by-

mixture, which is prayed finth by live measure pf the fluicls,

before and afterwards, and by the heat that is evolved. If fouy

parts of the former be mixed wifii one of the latter, the mixed

fluids -vyill quickly acquire a temperature higher than Uiat qf

boiling water, ft is necessjavy to be cautious in making this expe-

riment, and always tp, pour thp. acid gradually^ into, the water.

If iron filings and sulphur he mixed into a paste with' water,,

a s.ulphiu-et of iron will bp forraed> which depomposes the water

and absorbs oxygen 50 rapidly that the mixture takes Ifre, evpn

though it be buried under grpuiyd.

Mixture does not uniformly produce heal;. The mixttue of
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You speak q/ latent caloric ; is there any dijjir-

cnce in the nature of caloric F

No ; we have reason to believe that caloric is

always uniform in its nature; but this term is

necessary, because there exist in all bodies two

portions of caloric, very distinct from each

other* *.

How arc these two portions of caloric distin-

guished ?

The one is called sensiUe heat, or free caloric;

the other laicnt heat, or combined caloric f.

sotne substances produces an intense cold. But tlie cause of

both effects is easily explained. Whenever substances become

more condensed by mixture, heat is evolved
;
when they ex-

pand, cold is produced; or, in other words, the compound has

a greater or less capacity for caloric than the separate ingre-

dients. The mixture of muriate of lime and ice produces the

greatest degree ot cold yet known.

* How the same substance may exist in a body in two di-

stinct states, may easily be explained by a piece of common

bread which has been dipped in water. This bread will con-

tain two portions of water very distinct ;
one of them was in a

state of combination, and formed a constituent part of the

bread
3

the other is only interposed between the particles oftlie

bread, tind may again be forced out by pressure.

f The difference which there is in the effects of caloric, in

the two states in which caloric exists, may be shown by a va-

riety of experiments. Wrought iron, though quite cold, con-

tains a large portion of latent caloric
;
and if it be briskly ham-

tnered for some lime on an anvil, U will become red hot by

the action of this species of caloric, which by the percussion

nf hammering is now evolved and forced out as sensible heat.
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What do you mean by free or sensible caloric ?

Sensible caloric is the matter of heat disen-

gap;ed from other bodies, or, if united, not cTic^

mically united Avith them*.

What is latent caloric f

Latent caloric, is that portion of the matter of

heat wliich makes no sensible addition to the tem-

perature of the bodies in Avhich it exists

f

While chemically combined with the iron, it only tended to ,

give it malleability and ductility
5
but when converted to free

caloric, it operates with as much activity as though it had never

existed in a latent state.

Jf a little sulphuric acid be mixed with about an ounce of

nitrous acid, and tlie mixture be poured into oil of turpentine,

the whole will burst into flame. This is owing to the .com-

pound having less capacity for caloric tlian these separate fluids j

con.secjuently a part of their combined caloric is liberated, and

pioduces the inflammation. Ihe phial containing the acids

should be tixed to a rod, and its contents poured at once upon

the oil in a cup, placed in the open air, or under a large chim-

< ney, to prevent any accident from the sudden combustion.

I'he reverse of this may be shown by hanging a pan of snow

over a large fire. The snow will receive a great accession of

caloric from the fire without being at all sensibly warmer. The

caloric a.s.it enters becomes chemically combined, and the fire

will not in the least alter its temperature, till the whole be-

comes fluid.

* Some writers have called tlie matter of heat when in this

state inierposed caloric.

f We owe to Dr. Black tlie discovery of latent heat. The

train of thought and series of experiments which convinced

him of this fact may be seen amply detailed in the preface to

his lectures, 34 and following pages. “ By Uiis discovery we
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What suhsianccs contain latent Caloric ?

Caloric in a latent state exists in all substances

tiiat \ve are acquainted with *.
,

Do all substances contain the same quaniily of

latent caloric ?

No : caloric combines f wdth different sub-

stances in diftcrent proportions.

now see (as his editor expresses it) heat susceptible of fixa-*

tioii—of being accumulated in bodiesj and, as it were, laid by

till we have occasion for it
3
and are as certain of getting tliS

stored-up heat, as we are certain of getting out of our drawers

the tilings we laid up in them.”—Black’s Lectures, by Robi-

son. He might have added, that whenever caloric quits its

latent state, how long soever it may have lain dormant and in-

active, it always resumes its proper qualities and character^

and affects tlie thermometer and the sense of feeling as if it had

never been latent.

* Caloric pervades all bodies : this is not the case with lUiy

other substance we know of—not even light.

Caloric lies hid in every thing around us. The Creator knew

the continual need we should have of this substance, and he

has accordingly endowed it with the property of taking up its

resting-place and of combining with all matter, however diver-

sified may be_its nature or properties. Caloric is a substance

which we are ever in want of
5

it is therefore deposited on every

side, and is ready for every exigency. Various and multiplied

as are the means which have been chosen for the promotion of

the general good, they are all wise and Ix'neficent, all fully

adequate to the end for which they were designed.

t Caloric as it penetrates bodies frequently forms a chemical

combination wdlh Ihcm, and becomes essential to their compo-

sition. This is always the case when a solid is converted to a

liquid, or when a liquid passes to a gaseous state. But if
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What tanguap;e do chemists make use of to ex-‘

press the difference in this respect F

One body is said to have a greater capacity for

caloric thananother* *.

Is this capacity for caloric uniformly the same

in the same bodies F

Yes : the same bodies have at all times the

same capacity for caloric^ unless some change

takes place in the statef of those bodies.

caloric be superadded to a body when it is in a state of satura-

tion, it merely traverses its surface, and passes from it> in the

form of sensible heat, to some of the adjacent bodies.

It is the opinion ofsome chemists, that the absorption of ca-

loric, which accompanies liquefaction and vaporisation, is owing

not to its entering into chemical combination, but to the en-

larged capacity which the body acquires by a change bf form.

To those wlio wish to investigate this subjedt I would recom-

mend the perusal of Murray’s Chemistry, vol. i. 40C), &c. See

also Additional Notes, No. 30.

* The propriety of this term may be shoUm to a pupil by

dipping a lock of wool and a piece of sponge in water, and di-

recting him to observe how much more w'ater the sponge is

capable of taking up than the wool. . Hence sponge may be

said to have a greater capacity for water than wool has.

f The nature of the combination of bodies with caloric was

first placed in a clear light by Dr. Black. He discovered that

all matter is subject to the following law, viz. that “ whenever

a body changes its state, it either combines with, or separates

from, caloric.”

This subject is treated with great perspicuity by Dr. Thom-

son in the first vol. of his System of Chemistry, to which I re-

fer tho.se who wish to investigate it.

If muriate of ammonia be dissolved in hot water, the tern-
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Can you adduce instances of a change of this

kind ?

When gaseous substances become liquid, or

liquid substances become solid, they lose in a

perature of the water will be found to be much lowered by
the solution of the salt. When the salt takes again a solid form
by crystallization, it wdl part with the caloric which it com-
bined with in the act of solution, and a rise of temperature will

be the consequence. The cold which is produced by the solu-

tion of this and other crystallized salts, is owing no doubt to the
water, whicli was combined with them in a state of solidity,

suddenly taking a liquid form, and absorbing caloric to preserve

it in a state of fluidity.

If when the air is at 22° we expose to it a quantity of water
in a tall glass, with a thermometer in it and covered, the water
gradually cools down to 22° without freezing, though 10° below
the freezing point. Things being in this situation, if the water
be shaken, part of it instantly freezes into a spongy mass, and
the temperature of the whole instantly rises to the freezing

point
; so that the wafer has acquired 10” of caloric in an instant.

Now whence came these 10°? Is it not evident that it must
come from that part of the water which was frozen, and con-
sequently that water in the act of freezing gives out caloric ?

Dr. Blacs. Water in a solid state has less capacity for caloric,

tha.n it has when in a state of fluidity, although it then occupies
a greater space.

The evolution of caloric which is occasioned by the combi-
nation of the condensible gases with water during several kinds
of distillation, must be very familiar to those who have been
accustomed to superintend chemical operations.

. In some cases,

this evolution of caloric is so considerable, as to raise ice-cold
water almost to the state of ebullition. But there is a singular

exception in the combination of oxygenized muriatic acid gas
vivh a solution of potass. Whenever I have conducted this

il
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jO^rp.'it measure their r<>pacity for caloric accord-

ingly, when solid bodies become liquid or gaseous,--

their capacitj for caloric proportionjrtcly in-

creased* *.

Hoxv does this properh/ of bodies operate ?.

Whenever a body has! its capacity for caloric

thus increased, it requires a larger portion of

the matter of heat to raise it to a given teiupcra-

operallon, I have not failed to notice, that tliough a large

quantity of gas is absorbed by the liquid, very little caloric

is evoh ed. The caloric doubtless forms a component part of

the salt, and contributes to those powerful effects which are

produced whenever this salt is deflagrated with inflammable

substances.

* The freciii-rg of water, and the cooling of melted- lead,

may be adduced as familiar examples of. the former; and the

absorption of caloric in the meking of salts will sufficient!) ex-

emplify the latter. By the solution of some salts water may be

deprived of so large a portion of its caloric as to be frozen in

the midst of summer. An account of several clreap and pow-

erful frigorific mixtures may be seen in the Plrilos; Trans, for

] “Sy 1788> 178Q. l^ce also Watson’s Chemical Essays, vol. iii.

139. ' The heat which is given out during the slaking-of quick-

linv3, escapes from the water in consequence of its chaugtng trom-

a Ikjuid to a solid form by its union with the lime. Ihe same

elfect is produced in making butter. When the cream changes

from a fluid to a solid, a considerable degree of heat is pro-

duced.

Oxygenized muriatic acid gas becomes a litfuid at a temjiera-

tura somewhat below 40”, atid at 32» iormsjolid crystals.

Ammoniacal gas condenses into a liquid at 45”.

When water is poured upon dry pulverized plaster of Paris,.-
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tore, than anotlier body does which has a less ca-

pacity for caloric*.

Cg71 you exemplify this curious property of
matter P

If equal quantities^ by weight, of water and

mercury, cooled down to the same point, be af-

terwards separately heated to the heat of boiling

water, the water w'ill be found to have required

more than three times the quantity of caloric that

the mercury did to bring it to that teinperaturef.

in order to form cornices for rooms, great heat is produced by
the mixture. This is owing to tlie water giving out its caloric

of fluidity as it becomes solidified in the plaster.

Whenever caloric becomes active it produces heat; when-
ever it passes into a latent state it produces cold.

f The ditfereuce in the capacity w'hich diflerent bodies have
for caloric, is owing to one substance having a chemical affinity

for caloric superior to that of another. See this fully explained

by Mr. William Henry in tlie fifth volume of the Manchester
Memoirs.

t This property may be shown more readily by the follow-

ing expeiiments :—Take 1 lb. of water at 100°, and mix it with
1 lb. of water heated to 200°, the mixture will be found to gisa

the exact mean temperature of 150®; but lib. of mercury at

100°, and 1 lb. of water at 200°, will produce a heat much
higher than the mean temperature : mercury has not therefore

so great a capacity for caloric as water.

A metal plunged into an equal weight of water of a higher

temperature, gains more degrees of thermometric heat than the

water loses
;
and this takes place, in diflerent proportions, for

each species of metal. Berthollet.

Whenever two diflerent kinds of substances of different tern-

poratures are mixed, tlic capacity of each for caloric may be

H 2
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What term is made use of io denote the quantity

of caloric thus required ?

The portion of caloric necessary to raise a

body to any given temperature is called the spe-

cific caloric of thatbody* *.

Is there any method of ascertaining the specific

caloric of different bodies, and comparing the re-

lative capacity of each for caloric ?

An instrument called a calorimeter^ is used

for this purpose. The substances to be tried are

known by observing the temperature of the mixture
j

for the

capacity of each will be in the inverse ratio of the change of

temperature. But it is neeessaiy, in order to justify this cal-

culation, as Fourcroy has remarked, that the bodies themselves

should not act chemically upon each other
;
and it is also ne-

cessary to prevent a portion of tlieir caloric from being can'ied

off by the vessels in which the experiment is made.

* This term is always used in a comparative sense, expres-

sive of the relative portions of caloric contained in equal weights

or measures of different bodies at the same temperature, or the

comparative quantity of caloric which can produce the same

effect. Thus, if the specific caloric of mercury be said to be 1,

that of water may be said to be 3, as noted in an experiment

just related.

j The calorimeter was first suggested by M. Laplace, and

contrived by Lavoisier. A drawing of tire machine, with an

accurate description of it, may be seen in Lavoisier s Elements.

Though this instrument be capable of measuring what is called

the specific caloric. of bodies, no method has yet been disco-

vered of ascertaining the absolute qmnUty which bodies contain.

It is therefore unknown at what point a thermometer would

stand, if it were plunged into a substance entirely deprived of
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Iieated to the same temperature, and tlich placed
in this machine surrounded withice* *. By ob-
serving liow much ice each of them melts in

cooling* down to a g’iven point, the specific

caloric wliich each of them contained is deter-

mined f

.

IT ha^ do you call the instrument which is in

common use to measure the temperature of bo-
dies ?

It IS called a thermometer*. It consists of a
glass tuoc containing* a portion of mercury, wdth

caloric. According to the experiihents and calculations of
Craw*ford, Irvine and others, the real zero is, probably, at least

1200 degrees below the freezing point of water.

* Ice has the property of absorbing all the caloric with'which
it comes in contact, and communicates no part of it to the sur-

rounding bodies till the whole of the ice is melted
j

therefore..

the specific caloric of bodies may easily be calculated by its

means.

t Sir Isaac Newtoir talks of boiling water being three times
as hot as the blood in the human body. He imagined^ the
freezing point to be the real zero, below which there was no
heat. Later experiments have shown that substances may be
cooled many degrees below the freezing point on Fahrenheit’s'
scale. At Kamtschatka the atmosphere has been known to be'
40 degrees colder than the zero of our thermometers.

% The thermometer was invented by Sanctorius, an Italian-

physician, about the beginning of the lyth century
j but it was

improved, and rendered useful, by Mr. Boyle and Sir Isaac
Newton. >

Ihcrmometcrs are made by putting mercury into small glass
'

tubes with bulbs, and heating tliesc bulbs till the mercury' boils.
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a graduated plate annexed to it. The tube is

hermetically sealed, to preserve tlie metal from

the pressure of theatmosphere* *.

Do you understand 1}0W a thermometer is affected

hy the temperature of boelies ?

When a thermometer is brought in contact

with any substance, the mercury expands or con-

tracts till it acquires the same temperature ; and

This ebullition exhausts tlie tubes of air, and they are hermeti-

cally sealed while tlie mercury is boiling; which preserves tlie

vacuum. They are afterwards graduated by a correct scale.

Thermometers filled with aleohol are useful for ascertaining

very low temperatures in which mercury would be frozen-as’

alcohol ja-eserves its fluidity in the most intenss colds that have

ever been observed.

For very delicate experiments air thermometers are used,

in which, as the air is expanded or contracted, a coloured li-

quor is made to fall or rise, which marks tlie degree of ex-

pansion, and consequently the variation of. temperature. 1 hey

are called thermoscopes.

* Mercury, though a metal, has so great an attiuction for

caloric, that it absorbs sufficient to keep it in a fluid state in tlie

common heat of the atrhosphere. Owing to this affinity for

• caloric, it expands very readily by every addition of the matter

of heat. It is also equally affected by equal increments of heat

at every temperature between its freezing and’ boiling points

;

which is not the case with some other fluids, such as water,

spirit, &c. : hence it is the most proper substance for thermo-

meters.

To measure the degrees of beat in high temperatures. Mr.

Wedgwood contrived a very useful instrument which he called

a pyrometer, including a mnge of nearly 32,000 degrees of

Fahrenheit 3 a description of which may be seen m the 72
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ihe height at wliich the mercury then stands in

the tube, indicates the exact temperature of the

substance to -which it has heen applied

volume of lUe Philosophical Transactions. Since Mr. Wedg-

'

w'ood's death, the method of making the pieces of day for Uiese

pyrometers has been lost.

* Falirenheit’s thermometer is universally used in this king-

dom. In it the range between the freezing and boiling points

of water is divided into ISO'’
3
and as the greatest possible de-

gree of cold was supposed to be that produced by mixing snow

and muriate of soda, that was made the zero: tii.us the free/ing

point became 32”, and the boiling point 212”.

The centigrade thermometer of France places tiie zero at

tlie freezing point, and -divides the range between it and the

boiling poiiit into lOO”. This has long been used in Sweddi

under the name of Celsius’s .thermometer.

Reaumur’s thermometer, which was formerly used in France,

divides the space between the freezing and boiling of water

into SO”, and places the zero, like the centigrade thermometer,

at the freezing point,

De Lisle’s thermometer is used in Russia. The graduation

begins at the boiling point, and increases towards the freezing

point. The boiling point is marked 0, and the freezing point

150".

In Wedgwood’s pyrometer the zero corresponjck with 1077“*

of Fahrenheit’s, each degree of which is equal to 130” of Fah-

renheit. Therefore ISO” F. = 100" C, 80” R. = 150” D. L,

= \S. W.
For an easy method of reducing the degrees of one thernior

meter to the scale of another, consult Dr. Duncan’s Elements

of Pharmacy j or L.avoisier’s Elements of Chemistry, p. 560,

fourth edition. See a table of temperatures, according to the

different thermometers, at the end of this volume, which will

enable a person to form a tolerabiil^ ieVea of the difference there

Ip in the scales of each.
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Will the thermometer show the quanlihj of ca-

loric in allbodies** ?

No : it will not show that portion which is la-

tentj or chemically combined with any body: for

instance, fluids require a certain portion of ca-

loric to keep them in a state of fluidity ; which

portion is not indicated by the Ihennometerf.

I

* The property which we call the temperature of bodies does

not show the measure of their caloric, but merely the degree,

of dilatdtion, which the caloric they contain in a disengaged

state is capable of producing in tlie substance of which the

thermometers are formed.

f Every substance requires its own. quantity of caloric to

raise it to a given temperature
;
but when raised to that tem-

perature, everyfurther addition of caloric is precisely shown by

the thermometer. See Additional Notes, No. 4 and 36.

If a quantity of snow be placed in a bason before a fire, and a

thermometer be plunged in it, the thermometer will stand at

32° : if the thermometer be removed, and the snow suffered to

remain before the fire some time longer, and then tried by the

thermometer, it will still indicate the same temperature, though

it has all along been receiving an accession of caloric
j but the

moment that the whole of the snow is melted the thermometer

will begin to rise. In like manner, suppose a piece of ice

cooled 20° below the freezing point be exposed to a hot fire

with a thermometer stuck in it; the thermometer will rise

very uniformly till it comes to the freezing point 32", and there

make a full stop till the ice is all liquefied, as though the fire

Ijad lost its faculty of heating ; but the instant that all the ice

is melted the thermometer will begin to rise again, and will

continue to rise graduall}' till the water becomes heated to 212°,

the boiling point. See Additional Notes, No. 4. I hese ex-

periments show that the heat which snow and ice receive while
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/.s the thermometer, then, ofno use in ascertaining

the temperature offluids?

Yes : fluids operate upon tlie thermomefer in

the same manner as solids ; for, whatever sensible

caloric be contained in any liquid, that portion

is accurately shown by tliethermometer* *.

IVhat do you call that poriion of caloric ivhicli is

a necessary part offluids F

It is called the caloric of fluidity
; but diffe-

while melting is necessary to give them fluidity, though it does

not increase their temperature
j
and that ice contains much

less absolute caloric than water at the same temperature. Were
this not the case, all cold countries would be .subject to dread-

ful inundations
;

for, whenever the atmosphere became warmer

than 32'’ the ice and snow would be melted in an instant, and

the sudden deluge of water would sweep down every thing be-

fore it. It is pleasing to observe how careful the great Author

of nature hath been in providing for every exigency. To this

goodness every clime and every season bear testimony.

“ The tokens of his friendly care

Open, and crown, and close the year
”

* Nature is uniform in all her results
j for, if we plunge a

thermometer ever so often into boiling water, it will always

stand at the same point, provided the pressure of the atmo-

sphere be the .same. Melting snow will always show the same

degree upon the thermometer, in whatever state the atmosphere

may be. See Additional Notes, No. 30.

“ In tubes of glass mercurial columns rise

Or sink, obedient to th’ incumbent skies •,

Or, as they touch the figur'd scale, repeat

The nice gradations of circumfluent heat,”

Darwin.
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rent fluids require different portions of it to pre-

serve them in the state offluids**.
,

What arc the effects of caloric upon bodies?

The general eflccts of caloric are to increase

the bulk of the substances with which it unites.

I

* This may be made evident by the tpllo\ying easy experi- .

ments :— If four parts of sulphuric pcid and one part of ice,

both at the temperature of 32”, be mixed together, tlte ice

melts instantly, and the temperature of the mixture rises to

2] 2°, the heat of boiling water. But if four parts of ice and '

one of the same kind of acid at 32” be mixed, the temperature

sinks to about—4". In the first of these experiments, as the

ice and acid combine, they become more dense than their mean

density
;
consequently, they both give out a part of tlieir calo-

ric of fluidity, and retain only the caloric of fluidity which is

necessary for the new compound. In the other case, the ice,

assuming a liquid form, requires a large dose of caloric to give it

fluidity; and the sudden fall of the thermometer is owing to

the suddenness with which the ice absorbs the caloric from the

acid, and which it requires before it can take a liquid form.

See note to the third question of chap. iv.

According to Dr. Irvine, the caloric of fluidity of

\Vater is - 140” *

Spermaceti - - 145

Bees wax
,

- - 175

Tin - - - 500
} :

Bishop Watson has remarked, that nitrous acid mixed wiih

snow water excites a very great degree of heat, but when mixed

with snow produces the greatest cold that has ever yet been

obserA’ed. Chem. Essays, vol. Hi. 142.

Our power of producing cold is at present vpry Ikuited when

compared with that of exciting heat. No one that we read of

has ever yet been able to sink the temperature of apy substance

below —00” of Fahrenlieit, or 122 below the fraezing point of
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ami to render them specifically lighter than they

werebefore* *; but in whatever quantity it is ac-

cumulated ill bodieSj it never adds to their abso-

lute weight.

water
;
but Mr. Wedgwood constructed an air furnace in whicl^

he raised a heat equal to 185 degrees of his pyrometer, or

25.12/° of Fahrenheit ;
and by means of oxygen gas, njore in-

tense heats tlian even this have been produced.

* In order to be convinced that solids increase in bulk by

combination with caloric, procure a piece of iron wire, of an

exact lengtli, to slip within a ring, or within some metallic

box
5
dien if the wire be heated it will be found increased in

length so as not to pass through the ring or box.

From the experiments of General Roy, in the 75th volume

of the Philosophical Transactions, it appears that the expansion

of a steel pendulum of a clock is such, that every four degrees

of the thermometer will cause a variation of a second per day

;

and that the 4>herence between the going of a clock in summer

and winter will be about, six seconds per day, or one minute in

ten days, owing to t|ie metallic pendulum varying in length

with every change of temperature. A knowledge of this cir-

cumstance gave rise to Harrison’s self-regulating time-piece,

which, by the different expansion of metals, accom-,

modates its movements to every change of season or climate.

The expansion which heat gives to liquids may be shown by

that of the spirits in a spirit thermometer ; or fill a Florence

flask with water to about the middle of tlie neck, mark tlie

place to which it rises, and then immerse it in boiling water;

when it will be seen to expand in the glass till it nearly runs

over the neck of the flask.

The effect of heat on atmospheric air has been shown in

page 53. The converse of this (viz. that the denser bodies are,

tlie less caloric they contain,) may be exemplified thus :—Add
one measure of water to four measures of sulphuric acid, and
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What are the particular effects of caloric on

bodied P

It favours the solution ofsalts* *, and nromotes

the union of inanv suhstancesf. In other cases

rt serves to separate bodies already united];; so

I*

the temperature will rise to 300°, which is 88° above boiling

water. If the mixture be now measured it will be found to

measure less than it did
;
consequently it must have become

much denser than the medium of the two separate liquors. If

28 measures of water be mixed with 4 measures of sulphuric

acid, only 2g measures of mixture will be produced instead

of 32.

The best collection of facts respecting the expansion of tvood

by heat, wall be found in a memoir by Dr. Pdttenhouse, in the

Transactions of the American Philosophical Society.

• Some bodies are much more dilatable by heat than others y

tlius iron is more dilatable than wood, and w'ood is more dilatable

than a stone. Of the metals, platina dilates the least, and lead

and zinc the most, by increase of temperature.

* Put two ounces of sulphate of soda (Glauber’s salt}, in

powder, into a tea-cup of cold water, stirring them together,

.and the water will dissolve drily a portion of it
;
but if heat be

applied, the whole will be dissolved. If the liquor be left to

cool, tire salt will be seen to shoot into crystals. This little

experiment will have its use as an example of crystallization.

f Sulphur and mercury may be mixed; but if calbric be

added, they combine so intimately as to form vermilion. Char-

coal seems to have no attraction- for oxygen in the atmospheric

temperature, but. if heated it unites to it with great eagerness.

i This is the case in distillation, whereby the most subtil

parts of a compound body are dissolved by caloric, and sepa-

rated from the mass in the state 6f gas or r'^pour. Every kind

of distillation may be performed -in' o' common retort, with
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tliat in the hands of chemists it is the most iiseful

and powerful agent we are acquaintedwith* *.

Can you recollect any other effect that caloric

has upon bodies P

It is the cause of fluidity in all substances

which are capable of becoming fluid from the

heaviest metal to the lia-htest jras t.

common receivers attached to it. For strong heats^ Wedg-
wood’s retorts are preferable to glass. Some important direc-

tions for the conducting of different kinds of distillation may be
seen in a paper of the thirteenth volume of the Repei tory of
Arts, giving a very particular account of the management of
these processes at Petersburg!!.

Caloric also promotes the decomposition of bodies, by reason

of its counteracting the attraction of cohesion which exists in

all bodies.

* For a more particular explanation of the effects of caloric

in chemical processes, consult the article Repulsion in chap-
ter xiii.

Mr. Watt mentions a strong analogy between solution and
fusion : thus ice and soda have no more action on each other
than soda and silex

3 but raise the temperature of the ice, and
it unites to the soda. A sulhcient increase of temperature will
unite the silex also to the soda. Potass and silex if mixed have
no action on each other

;
but if submitted to a great heat the

potass melts, and attracts the silex, which melts with it into a
substance that may be dissolved in water

3
or, if the silex be in

proper proportion, the compound will be glass.

It is owing to the effect of caloric in promoting solutions, that
sea-walcr in the torrid zone contains more salt than sca-watev
in the temperate and frigid '/ones.

t Let it be remembered that all fluids arc firmed from solids
by an addition of caloric

3 and tiiat, by abstracting this caloric,
solids would be rcpioduced.

t I’or an account of the expansion of gaseous bodies by Jicat,
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IIoio docs caloric act upon hard bodies to convert

them into jlidds ?

It insinuates itself among their particles, and

separates them from eachother* *. Thus ice is

converted into M^ater, and by a further portion of

caloric into steam f.

see a detail of Mr. Dalton’s experiments in the 5 th volume of

the Manchester Memoirs, p. 5g5 ;
and m several papers m

Nicholson’s Journal. For a method of estimating the changes

of volume in gases, tonsnlt Mr. Davy’s memoir hi the Journals
_

of the Royal Institution.

The expansion of volatile bodies by heat may be shown by

the following experiment : Put a little ether into a small re-

tort tie a bladder to the beak of it, and hdld the retort over a

lamp. The ether will quickly boil, and the gas which arises

from it will soon occupy tile bladder and distend it to its full

size. If the .bladder be then held in water, the gas will be

condensed by the loss of its heat, and the bladder will collapse.

In order for this experiment to succeed, it is necessary' pre-

viously to M'avm the bladder to 80 br gO degrees, to prevent the

gas from being condensed in the first instance.

* From this general effect upon bodies, caloric has been

considered as the only agent in insensible repulsion. It has

been called the rcpitlsivc power, which constantly acts in oppo-

sition to the power of attraction, or chemical affinity.

.
-i-

Thou-rh the temperature of steam be no more t.ian that of

boiling wa^er, or yet it has been demonstrated by some

very ingenious experiments of Mr. Watt, that it -ntains near

1000- more caloric; and this keeps it m tl>e form ot ste^m.

Here the caloric must be in a state of chemical combination

With the water, or it would be indicated by the thermometer.

It is owing to tins principle (viz. the necessity of a large quan-

tity of caloric being combined with fluids, to convert them into

vapour or gas,) that profuse perspiration is so cooling to aooiu-
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Ho"0) are those substances distinguished which

are capable of being thus renderedfniid bij caloric?

Me have reason to believe tliat every solid

.substance on the face of the e^rth might be con-
verted to a fluid, or even a gas, were it submitted

to the action of a very high temperature in pe-

culiar circumstances^.

ing men, and that all evaporation produces cold. A. person
might be frozen to death in summer by being repeatediy

sprinkled with ether. See Additional Notes, No. 3(5.

In Spain this principle is so well understood, that every

family is provided with an utensil for cooling water or wine by
evaporation. It is merely a piece of very porous earthenware,

which they fill witli water
j
and as a small quantity is per-

petually oozing through every part of the vessel, a constant

evaporation from the outside is kept up, which cools the water
within. The vessels are called acarrazas, and may now be kid
at the china-shops in London.

In Iiidia and China (he wealthy have tlieir rooms open on
all sides, the roof being supposed on pillars, and the intervals

hung with curtains. Servants without doors scatter water on
these curtains continually

5
its evaporation absorbs a vast deal

of heat,, and m,akes the apartments cool and refreshin<' ” Dr
Black.

* The late experiments of Sir James Hall have thrown con-
siderable light upon this subject. It appears that many sub-
stances which were deemed infusible, were so only in conse-

quence of the decomposition they sulfered in the usual way in

vhich they were submitted to the action of caloric
j but 5/

means of a pressure sufficiently strong to prevent the escape of
tire volatile parts of the substance, such as tiro carbonic acid
from calcareous eartii, &c., he succeeded in fusing limestomv
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You say the sun is the great source of caloric

:

how is caloric transmuted from, the sun to us?

Caloric is transmitted to us accompanied with

light ; both are perpetually thrown off from

the sun, with astonishing velocity, in every di-

rection* *.

chalk, marble, and even common coal. These effects were

produced, in several instances, at a temperature much lower

than would 'have been imagined. See Sir James’s very interest-

ing Papers in the Edinburgh Philosophical Transactions.

* Since the discoveries of Dr. Herschel, we have reason to

believe the sun to be an opaque body, probably a habitable

world ;
and that the light and heat w’e receive from it are ow-

ing to an atmosphere which it has, of elastic fluids of a phos-

phorescent nature, by the decomposition of which, light and

'heat are evolved. (Philosophical Transactions 1801, p. 265.)

Aristotle conjectured that the sun was not a body of fire. Pur-

suits of Literature, 2d edition, part iv. p. 96 .

“ Hail to that orb, from whose rich fountain flow

Beams that iUume and glad the world below !

Unseen by thee, had Nature mourn'd j

No smile her iEthiop cheek adorn’d j

Pale Night had spread her spectred reign.

And death-like horror ml’d the scene.”

Dr. W.vLCOTT.

See an interesting paper on the nature and construction

of the sun and fixed stars, in Philosophical Transactions

for 1794 .
,

. . 1

When chemists require a veiy intense heat, it is proemtd-

by collecting the sun’s rays by means of a double convex lens,

or a concave mirror. This way of administering heat is parti-

cularly useful in operations on the gases.
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If caloric, passes with such velocity, how is it re-

tained by those substances which receive it P

It is retained by its affinity for those bodies^,

or rather their mutual affinity for each other.

Is the chemical affinity of bodies for caloric in

general very strong P

* As caloric (like light) moves at the rate of 200,000 miles

in a second, it never could be accumulated in any body, were
it not retained by its affinity for that body. But for this re-

tarding force, it would pass through the body with the rapidity

of lightning, and leave not a trace behind it.

The rays of the sun seem to afford heat, only when they

meet with an opaque substance, and not when they pass through
a transparent one, as air or water

;
or when they are reflected

by a white or polished one. The air is not heated immediately

by the rays of the sun passing through it
;
but on their meeting

with an opaque body, as the earth for instance, heat is elicited,

and is thence gradually communicated to the surrounding at-

mosphere. Hence, the further we remove from the earth’s

surface the greater is the degree of cold,

*1 he Swiss peasants, when they want to sow their seeds,

spread black cloths on the surface of Uie snow, to absorb the
sun’s rays and facilitate its melting.

t Before a youth can have any accurate idea of chemical at-

traction, the nature of philosophical attraction should be ex-
plained to him, by means of a magnet and iron filings; by
globules of water, of mercury, &c.

” Hast thou not seen two pearls of dew
The rose’s velvet leaf adorn

;

How eager their attraction grew.

As nearer to each other borne ?”
’

'

^ '

1
*

,

GhQ. Hax DltUMM0N,0.

. It would be difficult to explain the nature ofchemical affinity

I
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No ; it is one of the weakest of all known

affinities*.

How docs this appear ?

From the facility with which heated bodies

part with their caloric to all surrounding bodies f.

to a youth without assisting his conception by experiments.

Some of the plainest, and which may be performed without

difficulty, maybe seen in Additional Notes, No. 11.

* It is worthy of remark, that this was wisely and kindly

ordered by the Creator; for, owing to this, organized bodies

have no difficulty in separating a sufficient quantity of caloric

from the substances around them, and of securing to themselves

the quantity necessary for their wants. It is obvious bow dread-

ful would have been the consequences, if caloric had had as

strong an affinity for bodies, as some simple substances have for

each other. A small deviation from the present order of things

would probably occasion infinite mischief.

“ By some curious experiments Mr, John Hunter discovere

th^t the living principle in fish, in vegetables, and even in eggs

and seeds, possesses a power of resisting congelation.’* (Dar-

win.) It appears that these must have some peculuir attrac-

tion for caloric,

f The facility with which caloric passes from one body to

another may be owing to tire repulsion which is known to exist

among the particles of caloric. This repulsion gives it a ten-

dency to fly off in every direction.

’count Rurnford has asserted, that fluids are non-conductors

01 heat; but Mr. Murray of Edinburgh has demonstrated the

contrary by experiment. Sec his papers in Nicholson’s Jour-

nal, vol. i. 8vo. l65—241,

The motion of caloric through bodies is of two kinds

:

tfirough some bodies it moves with Uie same rapidity as through

free space. Through other bodies it moves with a remarkably

ilow motion;- In the first case it is said to be transmitted

1
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Is this universally the case ?

Yes : it seems to be one of the laws of nature,

that heated bodies should give out part of their

free caloric to the neighbouring bodies at a low^r

temperature, till the whole become of an equal

degree of temperature^'.

tlirough the body, in the latter conducted through it. For par-

ticulars consult Dr. Thomson’s paper on the motion of caloric,

vol. i. 310.
'

* Some bodies give Out tlieir superabundant caloric much
sooner th.in others. Iron is a quicker conductor of caloric than

glass, and glass is a better conductor than wood. Hence the

use of wooden handles to metallic tea-pots and other utensils.

I take a piece of iron in one hand, and a piece of wood in the

other
;

the iron feels cold, the wood warmer, though the ther-

mometer shows that their temperature is tlie same. How is

this ? The iron has a stronger affinity for caloric than wood,

and conducts it from the hand much swifter than tlie wood,
and hence gives me a more lively sense of cold.

Some of the earths are very slow conductors of heat. Sand
is eminently so. “ The red-hot balls, employed by the garri-

son of Gibraltar to destroy the Spanish floating batteries, were
carried from the furnaces to the. bastions in wooden barrows with

only a layer of sand interposed and this was ffiund sufficient

to prevent, the balls, though in a high state of incandescence,

from setting lire to the wood.” Tilloch.

The necessity of one body being endowed with a greater

power to conduct caloric than another, is apparent in many in-

stances
j
but perhaps die nature of snow in this respect renders

us a more important service than any other substance. Owing -

to the distance of this globe from the sun, and to the vast

mountains of ice at the poles, the atmosphere over a large por-

tion of the earth is at times reduced to so low a temperature,

I %
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Cixe me an instance of the operation of this law

of natiire.

When the temperature of the atmosphere is

reduced below 320 water gives out its superabuu-

that, were it not for a U'ise provision of nature, all vegetable

life must be destroyed. Caloric has always a tendency to equllr-

briura 3
therefore, . if the temperature of the air be lowered, the

earth cools in proportion : but, when the atmosphere is reduced

to 3'2«, the water which it held in solution becomes frozen, and

precipitates in the form of snow upon the eartlr, covering it as

with a carpet, and thereby preventing the escape of that caloric

w'hich is necessary for the preservation of tliose families of ve-

getables that depend upon it for their support and maturity.

L the air ever so cold (and in the northernmost parts of the

Russian empire it is sometimes 70 degrees below the freezing

point) thegi-ound, thus covered, is seldom reduced below 33°,

but is mamtained equably at that temperature for the purpose

above mentioned. How multiplied are the means which Na-

ture has adopted for the preservation of all her productions

!

The constant tendency of caloric to the state of equilibrium

is very clearly expressed by Mr. John Thomson of Edinburgh.

“ When a mercurial thermometer,” says he, “ is immersed m

w'ater, the caloric of the water makes an effort to diffuse itself

throucrh the mercury, and the caloric of the mercury makes an

effort to diffuse itself through the water. If the tendencies to

expand be equal in these two quantities of caloric, both quan-

tities will remain'at rest. But when the tendencies to expan-

sion are unequal, the caloric is impelled from the substance

where it had existed in the state of tire greatest tension, into

the substance where it had existed in the state of the least ten-

sion. When, this happens, the degree ot the dilatation or con-

traction of the mercury is said to indicate the tempemure of the

substance to which it is applied.” Notes on Foureroy, vol. t.

page 178 For a further elueidafion cf this subject, consult
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dant caloric by degrees, till at length tbe cold

atmosphere robs it of i!s caloric of fluidity aUo,

and it becomesice* *.

Jf water be changed into ice hij parting with its

caloric, how comes it to pass that ice szvims upon

the surface of the water ?

Because, by the change which it undergoes, it

becomes specifically lighter than the subjacent

wate r j*

.

Dr. Thomson’s Chemistry, vol. i. page 335 ;
and Philosophical

Transactions for 1802, page 403.

* The quantity of heat given out in freezing, occasions the

progress of congelation to be extremely slow. I’he constant

emission of caloric from the freezing substances operates fa-

vourably
;

for thus the severity of the frost is mitigated, and its

progress retarded. This accounts for its often feeling warmer

after a great fall of snow. On the other hand, if the return of

caloric to the frozen body of water were not equally slow,

what sudden inundations would be occasioned, in those coun-

tries where large masses of ice are collected, at the first ap-

proach of summer ! as has before been remarked. That the

melting of ice produces cold, is seen in many operations. By

melting ice with common salt, confectioners produce cold much

greater than that of the original ice.

f Ice is lighter than water, owing to air-bubbles produced

in the ice while freezing: but Monsieur de Mahan attributed

the increase in the bulk of water in freezing to a different ar-

rangement of its particles
3

ice being a crystallization composed

of filaments, which are found to be uniformly joined at an

angle of 60°, and by this disixjsition occupy a greater volume

than if tliey were parallel. See Dr. Rees’s Cyclopaedia, article

Ice
j
and Dr. Black’s Lectures, vol. i.

That ice contains a large portion of air, may be seen by the

following experiment. Drop Small pieces of ice into a tal)
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. Did you not say that all suhsLanccs become more

dense by the loss of caloric ?

They usually do ; but tlie freezing of water is

<1 strikingexception* * to this general law of nature, ,

class full of hot water ; as tlie ice melts, bubbles of air will be

seen to rise from it, and burst at tlie surface of the water.

* We are acquainted with a few other exceptions. Saline

solutions expand in cooling as crystallization takes place : and

more perfect castings of iron may be had than of almost any

other metal, in consequence of iron always enlarging as it cools,

and filling tlie most minute parts of the mould into which it

may be poured when in a fluid state
;
but we know of no fluid

tliat has a maximum, of density like water, and that expands .

whetlier heated above or cooled below that temperature.

In general, all bodies, whether solid or fluid, contract their

dimensions and become of more specific gravity in cooling.

This axiom has been long known and acknowledged y but water

affords a remarkable and striking exception. Water as it cools

below 42°..5, instead of contracting and becoming of greater

.specific gravity^, actually becomes increased in bulk, and its

specific gravity continues to lessen as it cools. Count Rumford

noticed this fact some years ago in one of his early essays. His

remarks, if I mistake not, are accompanied with .some inge-

nious calculations, to which I refer the reader. Sir C. Blagden

has, from actual observations, made a table of the specific

gravity of water of different temperatures betw'een 30 and -lO

degrees.
40 1000.54 bulk

37 1000..55

36 ] 000.56

35 1000.58

34 1000.00

33 1000.63

32 1 000.66

31 1000.70

30 1000./4
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and is a memorable instance of the wisdom and

provident care of the Almighty, when he esta-

blished the laws of the universe.

Since these experiments, Mr. Dalton has discovered that the

expansion of water is the same for any number of degrees

above or below the maximum of density. Therefore the den-

sity of water at 32° and at 53° is precisely the same. The

bulk of water at 5° is equal to the same bulk of water at SO®.

Manchester Memoirs, vol. v. 3/4.

From these experiments, we see that waterbecomesof less spe-

cific gravity, w'hether it be heated alove or cooled below 42".

5

;

a fact too astonishing ever to have been discovered or imagined a

priori. The wisdom and goodness of the great artificer

of the world will manifest itself in this arrangement, if we
consider what would have been the consequences had water

been subject to the general law, and, like otlier fluids, become

specifically heavier by tlie loss of its caloric. In winter, when
the atmosphere became reduced to 32°, the water on the sur-

face of our rivers would have sunk as it froze
;
another sheet of

water would have froze immediately, and sunk also; the ulti-

mate consequence of which would have been, that the beds of

our rivers would have become repositories of immense masses

of ice, which no subsequent summer could unbind
;
and the

world would shortly have been converted into a frozen chaos.

How admirable the wi.sdom, how skilful the contrivance, that,

by subjecting water to a law contrary to what is observed by

other fluids, the water as it freezes becomes specifically lighter,

and, swimming upon the surface, performs an important service

by preserving a vast body of caloric in the subjacent fluid from

the effects of the surrounding cold, ready to receive its own
accustomed quantity upon the first change of the atmosphere !

These reflections, perhaps, will not be thought to be mis-

placed, should they but afford

“ One ray of light in this terrene abode.

To prove to man the goodness of his God,”
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CHAP. IV.

:

' OF WATER.

J '

What is water ? ,
r v'-v /

Water is a compound consisting of hydrogen

and oxygen.

In how many states do wefind water ?

In four : solid or ice ;
liquid or water ;

vapour

or steam j
and in a state of composition willi

other bodies.

Which is the most simple state of water ?

That of ice. ,,

What is the essential difference hetween Liquid

water and ice? •"
Water contains a larger portion of caloric*.

* Ice at 32“ must absorb 140“ of caloric before it can become

fluid
5
or such a quantity as would raise a body of water of

equal bulk with itself from 32'^ to 1/2". This may be made'

very evident to a youth who has been taught the use of a ther-

mometer, by the following directions

:

“ Take any quantity by weight of ice or snow' at 32°, and

mix it with an equal weight of water heated exactly to 1/2 .

The snow instantly melts, and the temperature of the mixture

is still only at thirly-two degrees. Here the water is cooled

140“, while the temperature of the snow is not increased at all •,

so that 140" of caloric have disappeared.^ They must have
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How do you define vapour ?

Vapour is water, combined with a still greater

quantity of caloric*.

combined with the snow
;
but they have only melted it, with-

out increasing its temperature. Hence, it follows irresistibly

that ice, when converted into water, absorbs and combines

with 140° of calorici Water then, after being cooled down to

32l^, cannot freeze till it has parted with 140° of caloric
j
and

ice, after being heated to 32° (which is the. exact freezing

point), cannot melt till it has absorbed 140" more of caloric.

This is the cause of the extreme .slowness of these operations.

There can be no doubt, tlien, but water owes its fluidity to

the caloric which it contains, and that its caloric of fluidity

is 140°.” Thomson’s Chemistry, vol. i. 365.

T-he advantages which we derive from the slowness of these

operations, and the incoirveriiences w'e should have suffered,

had it been otherwise, are numerous and obvious. See notes

page 104 and 1 17 3
and Additional Notes, No. 5.

" However Jong we boil a fluid, in an open vessel, we can-

not make it in the srnallest degree hotter than its boiling point.

When arrived at thiS’ point, the vapour absorbs the heat, and
carries it off as fast as it is generated. Yet by continued heat,

united with additional compression, both the expansibility and
temperature of .steam may be greatly increased

j
and some con-

structors of steam-engines have lately availed themselves of this

property, to augment the power and diminish the expense. Sea
note page 6O3 also Additional Notes, No. 3 and 4.

Those who have an air pump may easily see that water re-

quires a vast portion of caloric to convert it into steam
;

for, if

a cup of hot water be put under the receiver, and the pump be
set to work, the water will soon begin to boil furiou.sly, and
the receiver will be covered with vapour. If the receiver be
now taken off, the water will l)e found barely lukewarm, ow-
ing to the vapour having carried off the greatest part of its heat.
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What are the properties of vapour?

Vapour, owing* to the large quantity of caloric

which is combined with it, takes a gaseous form,

acquires great expansive force*, and a capability

Water, in being converted into vapour, combines with more

than five times the quantity of caloric that is required to bring

ice-cold water to a boiling heat, and occupies a space 800 times

greater tlian it does when in the form of water.

Owing to the quantity of caloric that liquids require to con-

vert them into vapour, all evaporation produces cold. It has

been remarked before, that an animal might be frozen to death

in the midst of summer, by repeatedly sprinkling ether upon

him. Its evaporation would shortly carry off the whole of his

vital heat. Water thrown on hot bodies acts in the same way j

it becomes, in an instant, converted into vapour, and thus

deprives these bodies of a great portion of the caloric they con-

tain.

The most striking example, that I have seen, of the pro-

duction of cold by rarefaction, is given by Dr. Wolfe in his

account of the fountain of Hiero, at the m^nes of Chemnitz in

Hungary. In this curious machine, of which he has given a

plate, the air is compressed by a ponderous column of w^ater,

260 feet high
;

it therefore happens, that whenever the stop

cock is opened, this compressed air rushes out with great ve-

hemence, becoming immediately much expanded. The con-

sequence of this sudden rarefaction is, that the moisture the

air contained is not only precipitated, but congealed; apart,

of which falls down in a shower of snow, and the other part

forms icicles which adhere to' the nozle of the cock. Philo-

sophical Transactions, vol. Hi.

* The expansive force of steam is found by experiment to be

much greater than that of gunpowder.

Some volcanic eruptions and earthquakes, it is supposed,

owe their terrible effects to this power of steam
;
the water of
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of supporting euormous weights*; whence it has

become a useful and powerful agent for raising

the sea finding its way to subterraneous fires. See an account

of the dreadful effects of the earthquake at Catania, in the

notes to Madame de Genlis’s Tales of the Castle, vol. ii. 241 ^

or in Sir Wm. Hamilton’s splendid survey of the two Sicilies.

In boiling oil, the workmen are very careful to prevent any

water coming near itj for a single drop coming among it would
instantly, by the excessive heat of the oil, be coiwerted into

vapour, and would force part of the oil over the aides of the

boiler.

It is to the expansive force of steam that the well-known mo-
tion it; water called boiling, is to be ascribed. The vapour is first

formed at the bottom of the vessel, and, passing through the

water, causes that motion in it which we call ebullition.

•* The invention of the steam-engine was a vast acquisition

to the arts. There is reason to believe that, in time, steam may-
be applied to many useful purposes, of which at present we
•have no idea. In America vessels are already navigated by steam.

“ Soon shall thy arm, unconquer’d steam ! afar

Drag the slow barge, or drive the rapid car.

Or on wide waving wings expanded bear

'llie flying chariot through the fields of air.”—

D

akwun.

The steam-engine, approaching to the nature of ^ perpeiuum
mobile, or rather an animal, is incapable of lassitude

j
it pro-

cures for us coals
;

it works metals; moves machines; and is

certainly tlie noblest drudge that was ever employed by the
hand of art. Thus we '' put a hook in tlie nose of the levia-

than
;

play with him as with a child
; and take him for a ser-

vant for ever thus we subdue nature, and derive aid from
the elements of earthquakes. Analytical Review.
The steam-engine is brought to such perfection, that one

bushel of coals will raise 6,<X)0 hogsheads of water ten feet



J24; WATER. [C/lflp, i,

water from deep pits, and for other important

purposes''^.

In what proportions are oxygen and hydrogen j-

in xvaier F

Water is composed of 85 parts by weight of

high, and do the work of ten horses. Where there is no waste'

of steam, this work may be performed continuaUy with the

consumption of only one bushel of coals per hour. Some of

the engine chambers in London are now fitted up with great

taste/ and are kept with the utmost neatness
;

in these one may

spend hours without being annoyed by the escape of the most

minute’ portion ofsteam.

' Dr. Black calls the steam-engine, the master-piece of hu-

man skill, and the most valuable present that was ever made

by philosophy to the arts,

* Steam is now employed in a vast variety of ways in the

different manufactories of this kingdom. It is used with great

(Economy of fuel in tire dye-house ofMr. Desange, in Wheeler-

street, Spital-fields. Messrs. Gott and Co., of Leeds, boil 30

large coppers by. the steam of one boiler. It is employed else-

where in drying malt, linen, coffee, paper, &c., and might

be used with peculiar advantage in drying gunpowder. Dr.

Black remarks, that steam is tlie most faithful carrier of heat

that can be conceived, as it will deposit it only on such bodies

as are colder than 212°.

Water heated to 220 degrees or upwards is found to be veiy

effectual in bleaching linen goods'. This method is coming

into practice in the North of England. I am told that the

necessary pressure is given by means of large chambers con-

structed of massy stone ;
and that in these chambers the linen

}S submitted to the action of the condensed steam.

t Both these terms are derived from the Greek language
j

the former signifies to generate acids, tlie latter to generate

water.
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oxvgen, and 15 of hydrogen*, in every lOO parts

of the fluid.

Hoxv is it known that water is a compound sub-

stance f ?

Several methods have been contrived by che-

mists whereby water may be decomposed, and

* Hydrogen appears capable of uniting with oxygen only in

one proportion, and water is the result of the composition.

Of all tlie known substances, there is not any of which an

equal weight can combine with so large a portion of oxygen,

covering at the same time its characteristic properties, as hy-

drogen
j
but losing also all those which characterize itself:

—

it requires only 1 5 of hydrogen to saturate nearly 85 parts of

oxygen to this point, tliat is, to form water.

As water does not permit any property of oxygen or hydrogen

to be perceived, it may be concluded that these two substances

are combined at the point at which tlie reciprocal affinity exer-

cises the greatest effect j and that they are in a state which may

be compared with that of a neutral salt, in which the acid and

alkaline properties have equally become latent. Berthollet.

f This was discovered by Mr. Cavendish, in the year ]/81.

Dr. Priestley had previously combined the two gases by com-

bustion
; but Mr. Cavendish was the first who drew the proper

conclusion from the Doctor’s experiment. The benefit which

the world has derived from the labours and communications of

such men is incalculable. “ Nature," says an elegant French

writer, “
in order to unite mankind by a reciprocal communi-

cation of knowledge, has given to each individual his particuiar-

‘ignordnce
j and has placed science as'a common stock to render

us necessary and interesting to each other."

From a passage in Virgil's Georgies, lib. ii. 325, one would

'be tempted to believe that the ancient chemists of Egypt had

discovered the composition of water. See Darwin’s Botanic

Garden, book i. 136.
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the exact proportion of its constituent parts as-

certained*'.

Do you know any of the methods of decomposing

water ?

Yes, there are several: it may be done by

passing it through a tube over red-hot charcoal f,

by passing repeated electrical shocks through it,

or by. means of the galvanic apparatus;];.

* A history of the discoveiy of the composition and decom-

position of water, with the curious facts relating thereto, may

be seen detailed in a familiar and pleasing manner, by Mr.

John Thomson, in his valuable Notes on Foura-oy, vol. i.

237, &c. The operation of electricity or galvanism, in uniting

the two gases to form water, is explained by Mr, Murray,

with great perspicuity in the notes to his System of Chemistry,

vol. i. p. 25.

“ Water cannot be decomposed without a combustible

body,” or the agency of electricity or galvanism, “as the hy-

drogen requires a very large dose of caloric to put it in a gaseous

state. This appears from tlie lightness of hydrogen gas com-

pared with water. A cubic foot of water weighs 02^ pounds,

whereas a cubic foot of hydrogen gas weighs only 6

1

grains.

See Additional Notes, No. 13.

+ When two wires from the opposite extremities of a gal-

vanic battery are placed 'ii a tube containing water, so that tliey

are distant from each other ^ or i an inch, a stream of gas

issues from each wire—from the positive wjre oxygen, from

the negative, hydrogen gas j
and these are in the proportions

which when exploded, either by galvanism or electricity, re-

form water. See more on this subject in Murray’s Chemistry,

vol. ii. p. 1/2.

Some French aeronauts decomposed water by the galvanic
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Docs nature decompose neater in any of her ope-

raiiotis ?

Certainly, by many
:

particularly by means of

every living vegetable; all vegetables having the

pow er of decomposing water, by a secret opera-

tion peculiar tothemselves* *. Fish in general,

and all cold-blooded amphibious animals, we

have reason to think, are endowed also with the

same faculty f.

For what purpose are vegetables endowed with

this power of decomposing water ?

They combine part of its hydrogen, as well

as of its oxygen, with the carbon of the atmo-

sphere and of the soil, to form the vegetable

pile at an elevation of near three thousand metres from the

earth. Phil. Mag. vol. xix. 374.

The decomposition of water by electricity or galvanism,

which produces an intense heat, seems to prove that there is

a degree of temperature at which water cannot exist, but in

which It is reduced to its two elements. Berthollet.

Water is often partially decomposed by being kept for a

long time in casks, especially on long voyages. The wood

combines with its elements, forming, amongst other impurities,

carburetted hydrogen. Hence the disagreeable tarte and smell

which are observable in such water, if the cask be charred on

the inside, it will not operate in this way.

* See page and Additional Notes, No. 18.

f Among other cases, we l ead of a fish that was kept three

years in a vessel and fed only with water, and that at last it be-

came too large to live any longer in the vessel. Whence this

increase of animal substance, if we deny it tlie power of de-

composing water? Rondelet. de Piscibus, lib. i. cap. 12.
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compounds oil* , waxf, gum, resin, sugar, &r.;

while the superfluous oxvgen|. is abundantly

evolved by the leaves

;

“ Killing infectious^ damps, and the spent air

Storing afresh with elemental life.”

Can yoiL recnjpitulale -wlial has hitherto been de-

tailed of the nature of oxygen^?

Yes : oxygen is the basis of vital air, as well as

* It should always be recollected that the oil found in vege-

tables is produced by this process of vegetation. The oils,

bitumens, &c. in minerals, must all have had a vegetable origin.

In the duchy of Modena, mineral oil is separated from

bituminous coals by a natural subterranean distillation. The

inhabitants of the district, by piercing the sides of a particular

rock, at different distances from its summit, obtain oil of dif-

ferent kinds, thickening, and growdng deeper- coloured, as the

channels through which they How approach to the surface of

the earth. Bishop Watson.

f In Louisiana and Pennsylvania, the wyrica is cultivated

solely for the wax which it produces. In China, vegetable

wax is extracted from plants by maceration in boiling water,

and employed in tlie manufacture of caudles.

Bees' wax is doubtless a vegetable product. The bees ex-

tract it unaltered from the leaves of trees, and other vegetables.

'Phey seefn, however, to mix it with some of the pollen of

flowers. The comb which tlrese in.sects form with the wax, is

a collection of hexagonal cells closely fitted to each other. It

may be remarked that no otlier geometrical figure could have

been chosen for them, that w-ould have been equally capacious,

without any loss of room; so that tke operation of infinite

wisdom is apparent even in the impression of tliat instinct

whertby these little animals are directed to fabricate, their cells

’bi that particular form and in no other.

-
:j:

See'note page 84.

§
INt^turep in beconorhizing the primary - materials of the
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one of the ccnstitucnt parts of wafer; it is the

chief support of life Rnd heat ; and performs an
important part in most of the changes Which
take place in the mineral, vegetablei and animal

kingdoms*.

nniverse, has constituted 'bxygen the basis both of the atmo-
sphere which surrounds the earth, and of the water which
forms its seas and oceans.

“ For mark hoVi^ oxygen with azotU gas

Plays round the globe in one aerial mass.

Or, fused with hydrogen in ceaseless flow.

Forms the wide waves which foam and roll below,”

Darwin.
e see in this and other instances, by what siniple meaiu

tlie most beneficial effects have been produced.

* Some idea may be formed of the importance of oxygen,
by attending- to the analysis which Lavoisier made of the ma-
terials necessary for fermenting 100 pounds of sugar.

Ihs. Us. PZ.

Water -400 Oxygen of the water . 340
Sugar 100 Ditto of the sugar . 64
Teast 10 Ditto of the yeast . 7 12J

510 411 121
Hydrogen of the water 60 0

Ditto of the sugar 8 0

Ditto of the yeast 1 6
69 §

Carbon of the sugar 28 0
Ditto of the yeast 0—— 28

Nitrogen in the yeast 0

510 0

it
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' What is hydrogen, the other constituent part of

water ?

Hydrogen is the base of the gas which was

formerly called inflammable air, and is> when in

the aeriform state, the lightest of all ponderabld

things* *.

lias any method been discovered of composing*

water by a mixture of oxygen and hydrogen ?

Yes: th»re are several ways of doing thisf ;

so that the composition of water is now ascer-

tained beyond all doubt];.

It appears from the above analysis that more than four-fifths

• of the whole is oxygen. See a further account of oxygen in

chap. 10.

* Hydrogen gas, from its great levity, has generally beea

used to fill air-balloons. The following is the best way of pro-

curing it : Put a quantity of filings of zinc into a vessel which

has a°glass tube adapted to rt^then^ pour upon them sulphuric

-

acid diluted with 6 or 8 times its quantity of water, ait effer-

vescence will immediately take place; the water will be de-

composed, the oxygen of it will become united to the metal,

and the hydrogen gas will be disengaged, and may be conveyed

by the glass tube into any proper receiver. This gas can be

procured pure only from water, which in all cases must suffer

a decomixisitiQii. See a further account of hydrogen and its

compounds in chap, ll.-

\
An- ingenious and simple apparatus for Ihe re-composition

of water has been invented by Mr. Cuthbertson. A drawing,

and description of it rtiay be seen in Nicholson’s Journal,

i. 235, 4to.

y The decomposition of water and its subsequent re-forma-

tion may be sl»wn by the following easy experiment : Mix

gradually f<Air ounc«s of water with one ouitee of sulphuric
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> Do you ktioiv any of the methods 'Cohicli have

been employed to form Tjcater by a mixlure of it$

constituent parts ?

\es: if a mixture of oxjgen and hydrogen
.gases, in proper proportion; be fired, the iriflam-

matioh will unite the bases of the two sfases,

without, separating the whole Of their caloric,

and water will be the product^.

acid in a large phial, to which add a few iron filings. The
temperature ot the mixture will be so much raised by the

union of the water with the acid, as to enable the iron to de-

compose a part of the water'. If a hole be neatly made
through a cork which fits the mouth of the phial, and a piece
of tobacco-pipe with a very Small orifice be fitted uito it, and
the whole cemented into the phial with a mixture of resin

and bees wax, the hydrogen gas as it is separated from the
water will pass in a continued stream through the pipe, and
may be set on fire by the fiame of a candle brought in contact

with it. The gas will continue to burn xvith a blue lambent
flame, as long as the decomposition goes on. This shows
that the gas is really hydrogen, and that U afises from the de^
composition of the water.

lhat \\ater may be re-formed by the combustion of this gaS,

may be shown by holding a glass bell over the flame of the gas

:

as the hydrogen burns it unites with the oxygen of the atmo-
sphere, and the union of the two gases produces water, which
will soon be seen to deposit itself like deyr on the inside of the
glass. It is advisable to fold a cloth round the bottle to pre-
«rent any injury from the fragments of glass, in case of an ex-
plosion, which sometimes will happen during this experitnent,
if atmospheric air be left in the phial

j or let the gas burn fdr
a moment, before the cork and pipe are fixciJ into the neck of
the bottle.

^ In Lavolbiefc Elements of Chemistrjr, a copper- plate print

K 2
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jT? thei'e anrj reason to suppose that water is

thus formed in an^ of the great operations of na-

ture ?

Yes ; it is probable that the torrents of rain

'which f^enerally accompany thunder storms^ may

arise from a suddencombustion** ol hydrogen

and oxygen gasesf.

of ail excellent appai'atas for composing water may be seen,

with a full and satisfactory description of the method of making

use of it. See Additional Notes, No, 13.

M. Biot has succeeded in fcrrtling water from hydrogen and

oxygen, hy ^compression only, independently of the electric

spark. The compression, by .bringing the particles of gas into

intimate union, makes them throw out heat sufficient to set

them on fire
;
and the product of the combustion is water.

It here occurs, that the affinity of hydrogen for oxygen may

be exemplified by the large portion of oxygen which all com-

bustible bodies containing much hydrogen require in com-

•bustion
5

affording water as the product. Thus, one pound of

highly rectified spirits of wine on being burnt will produce

more than its own weight of water. See Additional Notes,

No. \6.

* This combustion is probably occasioned by lightning.

I The aurora borealis is probably owing to the existence

of a stratum of hydrogen gas in tire higher regions of the atmo-

sphere, which being lighter than atmospheric air would keep

that situation till ignited by electricity. The vulgar hava

had strange conceits about this curious pha;noinenon of nature.

" Not so tire man of philosophic eye

And inspect sage
;
the waving brightness he

Curious surveys, inquisitive to know

I'he causes and materials (yet unfix’d)

tof tliis appcarauc® beautiful aud new. TuoMspif.
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How is the aimosphere fLirnished wilh this hy-

drogen gas P

Iljdrog-cn is constantly emanating from^ and

is the consequence of, every species of vegetable

and animal decay or putrefaction
; and it is also

evolved from various mines, volcanoes, and other

natural sources'];.

Uliat is the specific gravity of water ?

A wine-pint measure of water weighs one

pouud§; a cubic foot of water weighs about

1000 ounces, or 024- lbs. avoirdupois. It is 810

limes heavier than atmospheric air|j.

What change docs wafer undergo in order to he

converted into ice P

The atmosphere, when its temperature is suf-

• ~
.r

t Hydrogen gas is only ope thirteenth of the weight of at-

mospheric air, and occupies a space fifteen hundred times

greater than it possessed in its aqueous combination.

The ignis fatuus, or will-o-wisp, originates from decayed

vegetables, and the decomposition of pyritic coals
j

it consists

generally of hydrogen combined with carbon
j and, perhaps,

occasionally with phosphorus or sulphur.

" Thus heat evolved from some fermenting mass

Expands the kindling atoms into gas,”

Dr. Shaw, in his Travels in Palestine, has given a curious

account of an ignis fatuus which he observed there.

§ It is necessary for the student to bear in mind the specific

gravity of water, because this is always taken for unity in the
pleasure of the .specific gravity of every other substance.

II This estimate is agreeably to the last experiments made by
Sir Geo. Shuckburgh, when the barometer is at 30 inches, and
the thermometer between 50° and 0’0°.
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ficiently low, deprives the water of a certain por-

tion of its caloric—-cr} stall ization then ensues

jind the water solidifies and becomes ice*.

IVhai do you mean by crystallization ?

Bv crystallization is understood the concretion

of certain substances into regular forms, occa-
I

sioned bj the loss of a portion of their caloric,

* Water in freezing crystallizes in filaments, which are uni-

formly joined at an angle of 00 degrees.

It has been said that water may be purified from the pu-

tridity which may be contained in it hy freezing-, and that in

such water the portion which freezes is pure, while that which

remains fiviifi is contaminated widi noxious matter. Dr. Lamb

on Constitutional Diseases.

It is owing to the expansion of water in freezing, that rocks

and trees are often split during intense frosts. According to

the calculations of the Florentine academicians, a spherule of

water, only one inch in diameter, ‘ejepands in freezing with a

force superior to the resistance of tons weight.
' Major

Williams .also attempted to prevent this expansion ;
but during

the operation the iron plug which stopped the- orifice of tlie

bomb-shell containing tire freezing water, and which was

more than two pounds weight, was projected several hundred

feet w'ith great velocity
j
and in another experiment the shell

burst. The imbecility of man never appears so conspicuous as

w'hen he attempts to counteract the operation of laws which

were designed by infinite beneficence for his presewation and

comfort. Tire law in question is eminently importot, and

nature has made it unalterable.

This property of water is taken advantage of in splitting slate.

At Colly Western the slate is dug from the quarriesdn large

blocks ;
these are placed in an opposite direction to what they

had in the quarry, and the rain is allowed to fall upon them :

it penetrates their fissyires, and the fii'st sharp frost freezes the

1
s

•
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To Vjhpt suhslances is the term usualhj applied F

The term is generally applied to compound

bodies of the saline kind, and to their separation,

in regular and peculiar figures, from the water

in which they were dissolved f.

You hare said that ice is the mpst simple state of

water ; do ipou then imagine that water is naturally

solid F

Yes : for underneath the poles it is eternally

water, which, expanding with its usual force, splits the slate

into thin layers.

It was necessary for the preservation of the world, that water

should in this instance be subjected to a law different from that

of other substances which change from fluid to solid. For an

account of this important deviation from a general law of nature,

see note chap. iii. page 117 -

It may be remarked, that though fresh water freezes wheti

reduced to the temperature of 32°, sea water does not freeze

till cooled down to 28.5°. Was not this designed by nature

to keep the ocean open at all seasons, that there might be nq

impediment to that general intercourse among nations which

tends so much to promote their civilization and refjnernent ?

For this the ship, in floating balance held,

By earth attracted and by seas repell’d.

Directs her devious track, through climes unknown,

fltat leads to every shore ^nd every ifone.” FALCotJE?,

f Cr}-stallization is a kind of precipitation, in which the salt

as it separates from the solvent assumes peculiar determinate

forms. Mr. Smithson has shown that crystallization cannot

take place while solution subsists, and that the only requisite

for this operation is a freedom of motion in the masses which

tend to unite. Phil. Trans, for 1803, page 'IJ.
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solid ; there it is similar to the hardest jcocks^

;

^ There happen • cracks at certain times in the ice moun-

tain of Switzerland, which have shown the gi'eat thickness of

the ice
;
some of these cracks have measured 300 or 400 ells

deep. Near Hudson’s Bay there are islands of ice which are,

immersed above 100 fathoms beneath the surface of the sea,

and which measure tliree or four mUes in circumference. Phil.

Trans.

There can be no doubt but that tlie quantity of ice at the

north pole is the principal source of the coldness of our winters,

and that it is brought hither by the regions of air blowing frorn

the north.”

Where, for relentless months, continual night

Holds o’er tlie glittering waste her starry reign.”

The ice at each pole of the earth forms an immense cupola,

the arch of which extends some thousand miles over the, conti-

nents
5

the thickness of which, beyond the 60th degree of lati-

tude, is several hundred feet. Navigators have assigned to

detached ma.sses, which are met vyith floating at sea, an eleva-

tion of from 1500 to 1800 feet. See Ellis’s Voyage to Hud-

-son’s Bay.

There can be no doubt but that the thickness of tliese cu-

polas of ice is much greater nearer the poles
5

for astronomy

sometimes presents in fhe heavens so vast an image of (hem,

that the rotundity of the earth seems to be considerably affected

iheieby. Captain Cook could never approach nearer the south

pole, where there is no land, than the 70th degi'ee of latitude
j

that is, no nearer than 15(30 miles
5

tliough he had coasted

round it for a whole summer ;
and it was only under favour of

'.a bay that he was permitted to adyance even so far, St. Pierre’s

i Studies, vol. i, 12Q— 132.

From 3 late memoir by Mpns. Perron, there is reason to be-

flieve that these mountains of ice at the pole.s, which Jia\«

hitherto impeded tlie progress of European navigators, have
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and may be formed by the cliispl of the statuary,

like stone f.

Is this great soUcUhf of ice at the poles, oxving to.

its hdng frozen in such large masses ?

The great solidity of ice at tlie poles is occar

been detaclied from the depths pf the sea to float at the sur-

face. All the results of observations made by him and other

navigators, concur in proving that the temperature of the sea

decreases according to the depth
;

afid that the deepest gulfs

of the sea are continually covered with ice, even under the

equator. A translation of this interesting memoir may be found

in the 21st volume of the Philosophical Magazine.

f
“ It is related that at the whimsical marriage of Prince

Gallitzin, ip ]/3C), the Russians applied ice to tlie same pur-

.poses as stone. A house consisting of two apartments was

built with large blocks of ice
;

the furniture of the rooms, even

the nuptial bed, was made with ice
j
and the icy cannon, which

were fired in honour of the day, performed their office more-

than once without bursting.” Bishop Watson.—See Additional

Notes, No. 17 and 5|v5'

In the most northern of thp Russian teriitoiy, the-

cold is sometimes sufficien|; to freeze mercury, or J'!. degrees

below the freezing point of water. It is so intense in some

seasons, that the poor inhabitants cannot venture out of their

mi.serable huts but at the hazard of their lives. See Additional

Notes, No. 1/.

“ There, through the prison of unbounded wild.s,

Rarr'd by the hand of Nature from escape,

AVide roams the Russian exile. Nought around

Strikes his sad eye, but deserts lost in snow.

And heavy-loaded groves, and sdlid floods.

That stretch athw'art the solitary vast

Iheir icy horrors to the frozen main.” Thomson.
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sioned by the very low temperature of the cir-

cumambient air* ; and in very cold countries ice

may be ground so fine as to be blown away by

the wind, and w'ill still be ice.

Is ice 4he otHij instance of u'ater existing in «

slate of soUclilij F

No : 'Water becomes still more solid in mortar

and cements, (sec the note on the properties of

lime, chap. v. page 163,) having parted with

more of its caloric in that combinatioq than it

does in the act of freezing f.

* We need not look for any cause for the conversion of

water into ice, but the_ loss of its caloric
;

for in the Grotto of

Besan^on water is frozen during the heats ofsummer. In this

singular place the variation of the thermometer between winter

and summer is very inconsiderable.

3"hough water be converted to ice by the loss of caloric,

there is reason to suppose that ice, notwitlistanding, c»ntains

more caloric tlian was disengaged between the state of vapour

and that,of congelation. See Berlhollet’s Statics, vol. i. 134.

I have been informed by some intelligent workers in iron

and steel, that they have great difficulty in making tools hard

«nough to cut ice in extremely cold winters
;
and that in such

seasons the workmen are under the necessity of having their in-

struments very frequently repaired.

-( lliough water takes a .solid form in its various combina-

tions, such as with lime, saline ctystals, &c,
j
we know of no

method .of compressing it when in a fluid state. The Floren-

tine academicians filled a globe of gold perfectly full of water,

and submitted it to a very powerful press
;
but could not per-

ceive that they were able to make it occupy less space than it

did at first. They gave it such a degree of pressure, that at

length the water exuded through tlie pores of the mefcil.
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IJ'liat other instances are there of water taking a

solidform P

Water is combined in a state of solidity ii^

marble, in crystals, in spars, iq gems, and in all

alkaline and earthy salts ; to all of which sub-

stances it imparts hardness, and to most of them

transparency;);.

What are the general aiid more phnious advan-

tages which we derivefrom icat,er ?

Water is a necessary beverage for man and

+ Most stones and salts lose their solidity and transparency

by being deprived even of a part only of the.water which they

•contained, and generally becorne pulverulent. It is by a com-

bination with water that some of the gases are rendered liquid

substances, and that some liquids acquire the property of be-

coming fixed. This rnay be satisfqctorily shown by boiling a

few copper filings in concentrated sulphuric acid, with a small

portion of nitrig acid, till the copper is dissolved
; then adding

jvater, and leaving the mixture to c.pol gradually
j

vj'heq beau-

tiful crystals of blue vitriol will be found, as hard as some npi-

perals. It is tire water which gives theiu their solidity
j

That chief ingredient in Heaven’s various works.

Whose flexile genius sparkles in the gem.

Grows firm in oak, and fugitive in wipe,” Akmstkong,

If water be thrown on quick-lime, it will be retained by it

with such force that nothing less than an intense red heat will

jicparale it. In its combination with lime it becomes mucli

more solid than when in the state of ice
j whicli may be proved

by direct experiment. Calcined plaster of Paris, in a pul-

verulent state, becomes quickly solid by mixing it with water.

Saussure has proved that alumine, when mixed with water,

retains a tenth of its weight of that fluid at a heat wliich Viill

piHr iron.
;
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mther animals
;

is perpetually used as a solvent^

for a groat variety of solid bodies f; acts an im-

portant part in conveying nourishment to the

vegetable world];, and giving salubrity to the

atmospherical regions^; and lastly, by its accu-

mulalion in the ocean
||,

afi'ords a ready cominu-

* It should be remembered, that aU bodies which are soluble

in water, form, during their solution, a chemical combination

with the water, and cannot be separated therefrom by any me-

dianical means.

f Water is not only employed as a solvent for many solid

substances, but ,'ras important uses in a variety of compounds.

Besides imparting solidity to the classes of salts, it gives energy

to the action of many of the acids, and is even necessary in

their formation. Muriatic acid and nitrous acid gases are con-

densed so as to-form liquid acids, merely by their union wnth

water.

J For an account of several modem experiments on the

growth of vegetables in water, see the Additional Notes at the

end of this volume.

§ See note, chap, ii. page 84.

|[
Some late experiments ofMr. Harrop^s, related in the lifth

volume of the Philosophical Journal, render it probable Uiat the

ocean and other large bodies of water may have been designed

by nature as reservoirs for supplying an increased population

with the oxygen necessary for its consumption, and for pro-

ducing a regular renovation of the atmosphere. The immense

quantities of marine productions found at very great heights

above the present level of the sea, seem to indicate that there

has been a prodigious recession of the ocean. While water

was conceived to be a simple and indestructible substance, in-

numerable cpnjectures were afloat as to the channels which had

been found for such an immense body of water. The nttw
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nication with distant countries the whole of

which evidently teaches how provident tlie great

Author of nature has been in his attentions to

the comforts and conveniences, as well us to the

wants of his numerous creatures.

chemical doctrines have afforded us a clue by which to unravel

this mystery, and fresh motives for admiring the exquisite cou-

trivance of the great Author of all things.

“ That mighty hand

That, ever busy, wheels the silent spheres.

Works in the secret deep, shoots, steaming, thence

The fair profusion that o’erspreads the spring.” Thomson.

See this subject further investigated in tlie Additional Notes,

No. 18 .

1 cannot resist making an extract from Mrs. Charlotte Smith’s

Observations on the Ocean :

“ There are people,” she says, “ who think nothing but the

human character deserves their study, and pass over the great

works' of God as unworthy the trouble of contemplating. But

I wonder any being who affects taste would venture to assert

that this immense body of water presents only sameness and

monotony. To me it seems, that even the colours and sounds

are little less varied than those we see or hear in the midst 01

the most luxuriant landscape.”

“ Ah ! wherefore do the incurious say.

That this stupendous ocean wide

No change presents from day to day.

Save only the alternate tide ?

Show tliem, its bounteous breast bestows

On myriads life 5
and bid them see

In every wave tliat circling flows,

Beauty, and use, and harmony.

Works of the Power Supreme who pourcxl the flood

Round tlie green peopled earth, and called it good/'
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IfHAT are the principal cliatacters of a simple

earth f

The earths in general are incombustible and

unalterable in the fire j unsusceptible of decom-

position*; insoluble in water, or nearly so, Mbeii

combined with carbonic acidf ; and of a specific

gravity never exceeding five times that of water.

How many earths are there

There are nine distinct eafths known at present,

viz. silex, alurninei, zircone> glucine, yttria^

barytcsi strontiau; lime, and magnesia
;|;.

* Baron Born is of opinion that all the earths are metallic

Oxides. Fourcroy thinks that we are on tlie point of obtaining

the decomposition of these bodies.

f Bergman classes all substances, Except inetals, with tlie

earths; which require more than one thousand parts of water for

their solutipn. We have, however, another test to distinguish

them; when held in solution by acids, viz. the prussian alkali.

Prussiate of potass, and indeed prussiates in general; have the

property of precipitating all metallic oxides from their solutions

;

yet, excepting yttria, it has no effect on any of the earths.

I To a cursory observer the eartlis appear to be infinitely’
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Why are soihe of these earths called alkaline

earths ?

BarjteSj strontlarii and linlG § are called alka-

line because they Rgree vvilh alkalies in taste,

causticity> solubility in \Vatcr, and in their efi'ti t

on vegetable colours j|.
Magnesia agrees with ,

the alkalies in the latter property only.

diversified j
so much so, that he would probably think tlie

WifFerent kinds are innumerable. However, notwithstanding

the varied appearance of the earth under our feet, of that of

the furrows of the field, and of the mountainous parts of the

world, whose diversified strata present to our view substances

of every tcKture and of every shade, the whole is composed of

only nine primitive earths
;
and as three of these occur but

seldom, the variety which is produced by the other sLv becomes

the more remarkable. This may fairly be adduced as one in-

stance of the infinite skill of the Deity, as it “bespeaks an

artist master of his work, acquainted with his materials.

To give a still greater variety to the works of Nature, tliese

earths are endowed w'ith an affinity for acids and metallic oxides,

whence arise the spars, gems, and precious stones ot evei} co-

lour and every species.

“ The unfruitful rock it.self, impregn’d by thee.

In dark retirement forms the lueid stone.”

§ Barytes, strontian, lime, and magnesia, are found in na-

ture always combined with acids. None ot Che combinations

are very hard, as either ot them may be sciatched with a knife.

The acids, which are found united by nature wlffi these alka-

line earths, are generally the carbonic, the sulphuric, the

fluoric, tlieboracic, and ffie phosphoric.

II
Barytas, strontian, and lime,' dlfier from the alkalies,

in their infusibility by fire, in lorining insoluble compounds

with carbonic acid, and in being in.‘=oluble in alcohol. As

these are the common properties of the earths, wc have
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What is the nature of silcx^; and lohat are its

chief properties ?

Silexf, or pure flint, is insoluble in water

sufficient reason to reject the proposal of some of the French

chemists, who are desirous of transferring these substances

from the earths to the class of alkalies.

* In the first edition (p. 151), I announced the original and

very singular opinion of Mr. Hume, of Long-Acre
;
namely>

that silex is the basis of oxygen gas. In subsequent conversa-

tions with that gentleman, I have, I confess, been much sur-

prised by the variety of natural and chemical facts, which he

adduces in confirmation of his hypothesis
j

but, rather than

present my readers with a mutilated detail of his arguments,

and the nature of my plan admitting of no other, I shall leave

all further notice of this important subject to himself, especially

as it is, I believe, his intention to publish his ideas tlirough

some more appropriate channel.

f Should pure silex be wanted for 'chemical experiment, it

may be procured by fusing common flint stones with three or

four times their weight of potash, dissolving the product in

water, and then taking up the alkali by the addition of an acid,

which will precipitate the silex, which is to be well washed for

use. The siliceous stones should be previously heated red in a

crucible, and plunged in that state into cold water. This will

render them brittle, so that they may easily be reduced to pow-

der before they are mixed with the potash.

We cannot by any means dissolve silex in water j—Nature,*

however, by some wonderful and unknown process, contrives

to dissolve it, even copiously, so as to form stalactites and other

incrustations. In Iceland there is a boiling fountain which

spouts water gO feet in the air, and deposits in falling so great

a quantity of siliceous earth, that it forms around its base a sort

of solid cup, w'hich surmounts and envelops it. Sec note p. C^jr

This earth has also been found in solution in the Bath watersi

and in some otlier spring water.
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and in every acid except the fluoric ; it endures

the strongest heat without alteration §; but,

when mixed with soda or potass, becomes fusible

in a strong fire into glass. Its specific gravity

is 2.65.

In what state is silex found native f

Silex, or siliceous earth; is found in quartz, in

rock crystal, gravel, sand, and most of the pre-

cious stones [|. It is also the chief ingredient of

§ According to Saussiire, quartz or silex may be fused by d

heat equal to 4043° of Wedgwood
;
but this is a temperature

so far above any heat tliat can be procured by common means,

that I have not thought it necessary to alter the text. Mr.

Hare also fused it by means of a stream of oxygen and hydro-

gen gases.
,

Sand sets Into a less bulk when wet, and does not afterwards

contract by heat. This property may be taken advantage of in

constructing furnaces, &c.

II
Mr. Kirwan; in his Geological Essays, relates, that about

the year 1/60 the emperor of Germany, being desirous to know
tlie length of time necessary to complete a petrifaction, obtain-

ed leave from the Sultan to take up and examine one of the

timbers that supported Trajan’s bridge over the Danube, some
hiiles below Belgrade. ’ The oirter part of this timber to the

depth of half an inch was found to be converted to an agate;

the inner parts Were slightly petrified; and the central were
still wood. The agate is a precious stone composed of silex and
alumine, but chiefly silex.

Agate is brought to us from Germany in blocks. It is cut by
means of dianiond powder into leaves, for making caps for the
pivots of mariners’ needles to run in, and other purposes. Might
it not be used advantageously for the balances of watches.

L
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those stones %vhich seem to constitute the most

bulky material of the solid parts of ourglobe* *.

What are the chief uses of silex ?

SilcvX is the most durable article in the state of

gravel for the formation of roads ; is a necessary

instead of iron, which is liable to vary by magnetic influence

and other causes ?

* ''A granite mountain, about 30 miles from the Cape of Good

Hope, called the Pearl Diamond, rises out of the ground to

the height of 400 feet, being half a mile in circumference

;

and formed of a single block of granite.”—Parkinsons Organic

Remains.

Silex also constitutes two thirds of the asbestus, so valued by

tire ancients for wrapping up the bodies of the dead before they

were committed to the funeral pile. They discovered methods

of drawing the fibres of the mineral into thread, and afterwards

weaving it into cloth. In consequence of its incombustibility,

it preserved the ashes of the body from mixing with those of

the wood, upon which it was laid to be bumt. The practice^

wai, however, probably confined to the families of the opulent.

So late as the year 1/02 a funeral urn was discovered at Rome,

in which were a scull and other remains of a human body

wrapped in a cloth of amianthus or flexible asbestus. The

whole was deposited in the Vatican library.

This mineral might be manufactured into paper
;

and, for

documents of great importance, it might perhaps be worth

while to be at the expense of preparing this incombustible pa-

])er, and of writing upon it with indelible ink. The methods

of making it .into paper or cloth, and of preparing proper ink

for writing upon it, may be seen in Dr. Rees’s Cyclopaedia. Ihe

mineral is found in Corsica
;

in the isle ot Elba
;

in Sweden
j

and in Cornwall and the isle of Anglesea, in England.

The Chinese form furnaces witli this mineral. They grind

it, mix it up wdth some kind of mucilage, and introduce it into
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ingredient in eartlicn-ware, porcelairij and ce-

ments ; is the basis of glass f, and of all vitreous

substances];; and is an indispensable article in

many of our chemical furnaces and utensils.

moulds, the form and polish of which it assumes. These fur-

naces are very portable,' and indestractible by fire. What kind

of mucilage they employ is not known
5
but it is said that the

mdcLlage ofgum adraganlh answers this purpose completely.

f The manuflictUre of glass was known very early
;
but glass

perfectly transparent was reckoned so valuable, that Nero is

said to have given 50,000Z. for two .glass cups with handles.

When the excavations were made in the ancient city of Pom-

peii, which was buried by an emption of Vesuvius A. D. jg,

the windows of some of the houses were found glazed with a

thick kind of glass, not transparent. In others isinglass was

substituted, split into thin plates. Miss’ Starke’s Letters from

Italy.'

The best book on glass-inaking, which I have seen, is an

octavo volume, by H. Blancourt, with plates, 1699. But a

scientific work, lately published in Paris by Loyzel, entitled

“ Essai sur I’Art de k Verrerie,” is, I believe, the best modern

work on this subject. It gives a detailed account of the different

processes in this manufacture, and treats of each chemically.

The manufacturing of pastes, or artificial gems, is a branch

of the art of glass-making. The basis of these is a very hard

and pure silex, obtained by melting pounded quartz with an

. alkali, with the addition of borax, nitre, and oxide of lead,

different metallic oxides being added to imitate the colour of

the different gems.

—

Murray.

X I would recommend to the perusal of the young reader,

Pourcroy’s account of the varibus uses of silex, in vol. ii. of his

System of Chemistry, page 19O. It is beautifully written, and

cannot fail to interest and instmet the pupil.

L 2
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What is the use of silcx in glass-maMng P

Silex is the chief ingredient in glass. It is ren-

dered fusible by a due mixture of alkali^ which
/

acts as a flux to the sileXj and renders the whole

transparent*.

^re these the only articles ntcessary to form
glass ?

In Holland, and some other parts of Europe,

glass is manufactured with alkali and sand only ;

but ill England, flint-glass is made by a mixture

of red leadf with those substances; which gives

* Glass cannot be made without great heat, as the alkali

retains the last portions of carbonic acid and water with 'singular

obstinacy, and it is only at a very high temperature that it pre-

fers the silex
;

for it is one of the laws of nature, (to which

there are few exceptions,) that, in order that two bodies may

become chemically united, one of them must be in a state of

fluidity.

^
f Metallic oxides have the property of making glass more

fusible. The oxide of lead is serviceable in this way w'hen

mixed with glass. Plate and crown glass contain no lead, but

the former has generally lime combined with it.

The common bottle-glass is made with a large portion of the

ashes of vegetables, or soap-boilers’ waste ashes, instead of pure

alkali. The portion of iron, which is generally found in vege-

table substances, gives it the green colour.

For the best flint-glass, rather more alkali is used than is ne-

cessary to flux the sand
j
and, when the whole is in fiision, the

tire is continued so as to volatilize the superabundant quantity.

If an extra quantity of alkali be left in the glass, it will attract

v.ater from the atmosphere, and in a short time assume a fluid
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the' glass great weight, and makes it more useful

for all common purposes.

What are the chief properties of alumine?

Alumine, or pure clay, is soft to the touch ;

adhesive to the tongue ;
emits a peculiar odour

when moistened ; forms a paste with water ;
will

unite wdth most acids'}; ; and acquires great

hardness, and contracts in the fire§. Its specific

gravity is 2.

Jn 'what state is aluminefound naiioe f

This earth acquired its name from its being the

basis of alum
II ; it has also been called argil, as

it is the principal part of all clays^; it is found

state. This matter was by the old chemists called the liquor

ofjlint.

Professor Seigling, having left a bottle of liquor silicum un-

disturbed eight years, found transparent rock crystal formed in

it, hard enough to give fire with steel. See an account of a

similar result in Nicholson’s Journal, vol. i. 217-

+ Alumine is soluble in every acid, and in solutions of the

caustic fixed alkalies.

§ Alumine is completely fusible per se‘ into a very hard vi-

treous kind of substance, hard enough to scratch glass
; but

sufficient heat cannot be procured to effect its fusion without

oxygen gas. Saussure found that it required ] 8.9OO” ofWedg-

wood to fuse it
;
but when mixed with certain proportions of

silex and lime, it fuses readily.

II
Pure alumine may be procured by decomposing common

alum with carbonate of ammonia. It has not been found

native in a state of purity any where, except at Halle in Ger-

many.

H Common clay is a mixture of alumine and silex. It fre-
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ill a state of crystallization in tlbe sapphire^ and

is united to the oxides of iron in the ochres ;
and

also forms a part of the precious stones.

What are the chief uses to which alumine has

been applied ? '

Alumine is employed for various purposes, on

account of its aptitude formoulding* * into diffe-

rent formsf, and its property of hardening in the

lire ; such as for making bricks, earthen-ware,

porcelain crucibles, &c. Its uses are so various

quently contains metallic oxides, chalk and other earths. Alu-

niine united to the oxides of iron, is gotten in great plenty in

Staffordshire and Derbyshire
;

in which sfate it is called rad-

dle, an article veiy useful in colour-making. Fullers’ earth is

alunaine combined with very fine silex. It is owing to the affi-

nity which alumine has for greasy substances, that this article

is so useful in scouring cloth Hence pipe-clay is frequently

used for the same purpose. Alumine combined with carbon

forms that peculiar combustible substance called anthracite.

* Stone ware, according to the Old Testament, was known

at an early period to the Jews. The making of porcelain has

long been known in China and Japan
j
but it was accidentally

discovered in Europe by a chemist, in the beginning of the 18th

century. It was so esteemed by the Romans, that, after the

taking of Alexandria, a porcelain vessel was the only part of the

spoil retained by Augustus. Dr. Thomson, vol. ii. 286 .

f Alumine is of inestimable value for securing the bottoms

and sides of canals and reservoirs of water, and composes in a

great measure those tenacious earths called aralle soils, t

t The beautiful colours, which are seen upon porcelain, are

given by metalli'c oxides. Purple is given by gold 3 red by the

oxide of iron
j
vellow by the oxide of silver

;
green by copper^

blue bv cobalt
j
and violet by manganese.
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and important^ that we cannot conceive iiow

man could have attained his present degree of

civilization, if this earth had not been given him

in abundance by Nature-

Is alumirie employed in forming any chemical

comUnatiom ?

Aluminous earth is employed by tho dyer and

the calico-printer, as a mordant for fixing various

colours ; and upon the continent it is artificially

combined with sulpluiric acid, in order to form

alum §, though we possess the compound ready

formed in its native state..

§ Alum is generally made artilicially in France, where they

have not the native sulphate of alumine. Chaptal, a clieraist

of some eminence in that country, has formed a considerable

establishment for the manufacture of this very useful arficle, and

has erected immense buildings for preparing sulphuric acid by

the combustion of sulphur, totally different from those usually

appropriated to such purposes in England. The sulpliuric acid

thus prepared, is afterwards employed in the manufacture of

this aluminous salt. See Ar tales de Chimie, tome iii. Reper-

tory of Arts, vol. ii. 134.

In England it is not necessary to form alum by ’art, as the

alum-slate is found in great abundance. It is gotten on the sea

coast of the north-east part of Yorkshire, from Whitby to

Stockton, a distance of about 50 miles. It is generally found

in the midst of the rock. That which lies at a considerable

depth is generally considered to be the best. The slate, when

gotten, is broken to pieces by tlie aid of lire, and afterwards

further acidified, by bejng frequently moistened, and by expo-

sure to the air. When the eflloresccnce has taken place, it is

put into lixiviating vessels for the extraction of the .salt. The

saline liquor is then boiled down to the proper streqgth for



152 EARTHS. \^Cha]p. 5.

Win/ do fotlers employ a mixture ofalumine and

silcxfor earthen-ware f

In making* earthen-ware a due proportion of

both these earths is necessary ; for if alumine^

alone were used, the ware could not be sufficient-

crystallization
;

previous to which is added a portion of alkali,

to saturate the superabundant acid, and to favour the crystal-

lization. Indeed, alum cannot be made without a portion of

ammonia or potass, as it is a triple salt. All alum is either a

sulphate of alumine and potass, or a sulphate of alumine and

ammonia. Urine is generally used in Scotland, and sulphate

of potass in Yorkshire.

I have been'informed, by one of the most considerable ma-

nufacturers of alum in this kingdom, that the account of the

English alum-works published in 1678, by Daniel Colvi^all,

Esq. corresponds exactly with the present practice. This

,
paper may be seen in the 12th yqh of the Philosophical Trans-

actions, page 1052 j
and making allowance for the want of che-

mical knowledge at that period, the account is given in excel-

lent detail.

The first English alum-work was established at Gisborough

in Yorkshire, in the reign of Queen Elizabeth, by Sir Thomas

Chaloner, who engaged workmen from tlie Pope’s alum-works

to superintend it; and kept those workmen till his manufac-

ture was brought to perfection, notwithstanding the bulls and

anathemas which his Ploliness issued in abundance against him.

Beckmann’s History of Inventions, vol. i. 31 6.

One of the most ancient manufactures of alum was at Roche,

a city of Syria
;
whence the name of Roche- alum. See Ad-

ditional Notes, No. 24. 1

* For making pottery, or earthen-ware, the alumine is beaten

in water
;
by which the fine parts are suspended in the fluid,

while the coarser sink to the bottom of the vessel. The thick

liquid is furllier purified by [lassing it through hair and lawn
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]y burnt ^vithout cracking and shrinking too

much;, and a great excess of silex would lessen,

the tenacity, and render tlie v/are brittle.

sieves of difierent fineness
;
this is afterwards mixed with another

liquor of about the same density, consisting of ground flints.

The mixture is then dried in a kiln, and atter being beaten to

a proper consistence becomes fit tor being formed at the wheel

into dishes, plates, bowls, &c. When the ware has been ex^

posed to heat for a certain time, it is glazed, or is made to uii'

I dergo a partial vitrification at the surface, without which it

would bs pervious to fluids. Ordinary pottery is glazed with a

semi-yitreous oxide of lead ; what is called stone-w'are is glazed

by the fumes of muriate of soda
;

tliis salt being thrown into the

oven during the baking of the articles, which are so disposed as

to I'eceive it on every part of their surfaces. The use of salt

for glazing this kind of ware was introduced by two labouring

men from Hollarid, about the year 1 /OO.

More than 5000 tons of ground flint are used annually in the

Staffordshire potteries, The flint is first burnt, and tlien

Unround in water, with mill-stones of chert, to an impalpable

powder. Large establishments for this purpose have been

formed in the neighbourhood of Burton upon Trent
j
and

many vessels are constantly employed in carrying it from thence

to the places where it is used. It is transported in casks, in

the wet state in which it is ground.

Yellow or queen’s-ware is made of the same substances as

common pottery, but a whiter clay is used, and in different pro-

portions. The glazing is also dilferent. It is made by mixing

in water, to the consistence of cream, 1 12 parts of white lead,

21 of ground flint, and 6 of flint-glass. The ware, before it is

glazed, is baked in the fire, by which it acquires the property of

strongly imbibing moisture
j

it is then dipped in this composi-

tion and quickly taken out. It is afterwards exposed a second

time to fire
;
by this means the glaze it has imbibed is melted.
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What constitutes the difference between earthen-

auare and porcelain ?

Porcelain is not esteemed good unless it be

veryeompact**, quite white, and semi-transpa-

rent f; indeed, it is chiefly the last quality that

and a thin glossy coat is fornaed upon the surface, which is

more or less yellow, according as a greater or less proportion*

of lead has been used. The unfortunate men, who are em-

ployed in dipping the biscuit-ware in this composition, soon

become paralytic from the effects of the lead
;
other men are

substituted in their room, who are destined to labour under the

same malady. Hence, the Society for the Promotion of the

Arts, &c. has offered a premium for a substitute for this glaze,

or for a mode of using it which would not subject the men to

these sufferings.

It is said that a French manufacturer at Moulins, in the de-

partment of Allier, has lafely discovered a new kind of earthen-

ware, which comes cheap, and is capable of resisting the

action of fire and acids. The glazing is purely siliceous, and

cannot be injured by fatty substances, or by the most corrosive

acids.

* Porcelain is an artificial compound orf great durability.

When good, it is of so compact a texture that it would probably

endure for ages. There is an octagon tower at Nan-king in

China, called the Porcelain Tower, which is entirely covered

with the most beautiful china. It is a building of nine stories,

nearly 300 feet high, and each story decreases in breadth, as it

rises in height. This singular and elegant edifice still retains

its original beauty, though it has sustained the continued action

of the sun and weather for four hundred years.

f The perfection to which the manufacture of porcelain has

arrived in England is owing to the discoveries of tlie ingenious

and indefatigable Wedgwood, who has left us an admirable ex-
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constitutes the principal difFerencej for earthen-

ware is alwai's opaque.

What is zircone ?

Zircone is a peculiar earth, which has been

found only in a gem called zircon and the hya-

cinth of the island of Ceylon,j].

What are the properties of zircone ?

Zircone, when separated from the precious

ample of what may be effected by peculiar talents and perse-

vering industry. Such investigations as those to which he was

accustomed, bring with them their own reward. Such expe-

rimentalists

“ Exult in joys to grosser minds unknown,

A wealth exhaustless, and a world dieir own.”

An interesting account of the processes wdiich arp canned

on in the great French manufactory .of porcelain at Sevres lias

been published by Brogniart, who superintends it. This paper

has been translated, and published in the 13th and 14th vo-

lumes of the Philosophical Magazine.

The Chinese are said to let their clay remain exposed to the

atmosphere at least 20 years before they use it in making por-

celain. Notwithstanding this, I belie.ve the English porcelain

now surpasses any that is made in that country. That alumi-

nous earth improves by this treatment there can be no doubt
j

for tile-makers in England, who are curious in the article they

manufacture, never use their clay till it has lain a year or two

in the open air.

+ Zircone was discovered by Klaproth, in the year 1793 .

The stone from which he procured it came from Ceylon
3 but

the same stone has since been found in various parts of Europe.

A fossil from Greenland, called compact hyacinth, has been

^tely analysed, and found to contain 10 per cent, of zircone.
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stones in which it is found, has the form of a fine

white powder, destitute of taste end smell. It is

soluble in the acids and the alkaline carbonates^,

but difl'ers from all the other earths in not being

soluble in pure alkalies f. Its present scarcity

prevents our employing* it to any useful purpose.

Whence do we •procure glucine ?

The peculiar earth called glucine has been

found only in the emerald and beryl, precious

stones procured from Peru and from the moun-

tains of Siberia

What are the properties of glucine ?

Glucine, when separated from the stones which

contain it, is a soft, light, white powder, w'ithout

taste and smell ; adhesive to the tongue like alu-

mine§; infusible by heat; but soluble in the

acids, with which it forms soluble sw'eet-tasted

salts
11,

slightly astringent. This earth is not very

* If zircone be heated to whiteness, it is not afterwards so-

luble in the acids.

y If zircone be kneaded with water and gradually dried, it

will take die semi-transparent appearance of horn.

+ Glucine is derived from the Greek word yXvwis, s'weet-,

which is vef}' appropriate to this earth, as it gives a saccharine

taste to all the acids with which it combines.

§ Glucine is insoluble in water, and soluble in pure liquid

alkalies, in which it further re<embles aluminc} it also agrees

with diat earth in being insoluble in pare ammonia, though

soluble in caibonate of ammonia.

II
From the sweet taste of the salts of glucine, we have rea-

son to believe that Nature, who forms nothing without its use.
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plentiful, nor has it yet been employed in the

arts?.

What is the origin of yttria F

Yttria is a peculiar earth* which has been

found only in a black mineral from Sweden,

called gadolinite; which besides this earth con-

tains iron, manganese, lime, and silexf.

How is yttria to be distinguished F

Yttria, when separated from the mineral, is in

the form of a fine, insipid, white powder j;. It

has endowed this earth with properties which will some time or

other render it eminently serviceable to the animal oeconomy.

i- ^ Vanquelin is of opinion that he-eafter this earth w'ill be

tisef il as a mordant in dyeing, and that it may be serviceable in

medicine when it comes to be discovered in greater plenty.

Lelievre announced some time ago, that be had discovered the

emerald in stones used for repairing the roads near Limoges in

Guienne. From this source a large quantity of glucine might

•be procured.

' * This earth was discovered by Gadolin, a Swedish chemist,

in a mineral found at Ytterby in that kingdom. From this

circumstance the fossil has been called Gadolinite, and the earth

Yttria.

f There is some rearon for supposing that yttria may be a

metallic oxide. A foreign chemist has lately announced, that

when muriate of yttria is heated to redness it gives out oxygen-

ized muriatic acid,

Mr. Davy suspects that yttria and glucine are not distinct

pnmitivc earths, but modidcations of other earths.

X The sp ecific gravity of yttria is 4.842, which approaches

nearer the specific gravity of metals than any other earth. It

has therefore been said to be the link which connects the earths

with the metals.
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forms sweet and coloured salts with the acids, is

insoluble in the caustic alkalies, but easily dis-

solved in a solution of carbonate of ammonia*.

What is the origiji of barytes ?

Barytes was discovered by Scheele in combi-

nation with sulphuric acid, in a mineral called

ponderous spar, afterw'ards terra ponderosa f. It

is chiefly found in this state in England, and in

other parts of the globe.

* Though yttria is insoluble in the alkalies, and infusible

alone, it may be fused when mixed with borax, and forms a

white glass with that salt.

y Barytfes was discovered by Scheele in 177-f- It is always

found united either with the sulphuric or the carbonic acid.

The best method of procuring this earth pure for chemical pur-

poses, is, to dissolve the carbonate of barytes in very w'eak ni-

trous acid, by which means the carbonic acid will be expelled,

and then in the usual way, by proper evaporation, crystals of

nitrate of barytes will be formed. By exposing this salt to a

strong heat, the nitric acid will be dissipated, and pure barytes

will be left in the crucible. See Fourcroy and Vauquelin’s

memoir in the Annales de Chiraie, xxi. 2/6.

Sulphuric acid is the best test for the presence of this eartli.

Bergman gave it the name barytes from the Greek word

/3aeiV, heavy, this being the most ponderous of all substances

except the metals.

Sulphate of barytes is very plentiful in tire Derbyshire lead

mines : the workmen call it cauk. For a description of this

mineral, consult 'I homson s Chemistry.

A method of crystallizing this earthy salt artificially was

poin'-ed out by Withering, in the Philosophical Transactions

for 17S4.

Casciarole, an Italian shoemaker, discovered tliat if sulphate
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Is this earth found in any other states ?

^ es : it occurs in Northumberland, Cumber-
land, and Lancashire, in large masses combined
with carbonic acid|; and also in Frauce in com-
bination with the oxide of manganese.

What are the properties § of barytes f

Barj tes is of a graj ish white colour; it changes

the vegetable blues like alkalies
||,

has a pungent.

of barytes be calcined in a peculiar way it will acquire a phos-

phorescent quality, and will shin6 even in water. It is known
by the name of Bologna phosphorus. For the method of mak-
ing it, consult BouUlon La Grange, vol. i. ] 88

3
or Nicholson’s

Chemical Dictionary.

Several of the natural gems and fossils exhibit phospho-

rescent properties by attrition. In the tremolite this property

is so abundant, that the slight friction of a feather is of itself

sufficient to excite it.

—

Murray.

I Carbonate of bar}'tes was first discovered by Dr. Wither-

ing of Birmingham, in the lead mines of Alston Moor, Cum-
berland

j
and for a long time afterguards it was found only there

and at Anglezark, three miles to.the east of Chorley, in Lan-
cashire. Some of the specimens have much of the appearance

of sulphate of alumine. See Dr. Withering’s paper in the

Philosophical Transactions for 1/84.

§ Pure barytes changes quickly when exposed to the air
j it

swells like quick-lime, and like it falls into a white powder
;

but this slacking is much more violent and speedy th.in that of

lime. It combines intimately with water, by which combina-

tion the water b^omes solidified.

1 [
Barytes is also similar to the alkalies in changing red ve-

getable colours to a violet or blue, and yellow vegetable colours

to a brown
; in rendering oil miscible with water; in forming

glass with silex; in its solubility in water; and in tlie readiness

with which it shoots into crystals.
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caustic taste, and is a -violent poison. It may be

known from the other earths by its solubility in

water*, by its forming an insoluble compound

with sulphuric acidf, and by its tingeing flame'

yellow. Its specific gravity is 4.00.

What are the uses X of barijlesP

It forms some of the most useful chemicail

tests §, whether in its pure state dissolved in wa-

ter, or combined with particular acids: in mu-

riatic acid also it is employed as a medicine. It

is capable of making a very tenacious cement, but

* Boiling water will dissolve half its weight of this earthj

part of which will crystallize on cooling.

f The most singular property of this earth is the tenacity

with which it holds the sulphuric acid when combined with it.

It has such an affinity to it, that it will not part with it even to

pure alkalies. Hence pure barytes will decompose sulphate of

potass or sulphate of soda.

+ Barytes has been proposed as a medium for decomposing

muriate of soda in a cheap way. If ever the carbonate should

be found in as great masses as the sulphate of this mineral, it

might be employed for this pur-pose. The method of using it

may be seen in the Atrnales de Chimie, tome xix. See also s

paper of Vauqrrelin’s on this subject in Journal de Phys. 1794^

P-207.
'

§ The solution of this earth in water, and m various acids,

furnishes excellent tests for chemical analysis; The muriatic

acid is often preferred, especially for medical purposes, such

as scrophulous and some other chrorric diseases. Though this

earth has been accounted highly poisonous, yet Dr. Jolmstone

says that he has seen a delicate female take thirty drops of a sa-

turated solution of muriate of barytes repeatedly in the course
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has not jet been used much in the arts, except

as a most excellent water colour ((.
•

What is the oiigm of strontian?

Strontian was first discovered about the year

1787 in a mineral brought from the lead-miue of

Strontian in Argjieshire. That mineral is a cflr-

honate of strontian ; and, as yet, has been found

but in small quantities in any other place

Is'ihis earthfound in any other state?

Strofitian combined with sulphuric acid has

been found in various parts of the world, parti-

cularly near Bristol ; where it is gotten in such

abundance as to be employed in the repairs of the
. neighbouring roads*.

What are the properties of strontian?

Strontian, when separated from its acid, is, like

barytes, soluble in water; it is of a grayish white

of a day, without even nausea. He therefore concludes that it

would require at least 2 or 3 drachms to do mischief.—Essay
on Poisons, 143.

jj
Many years ago Mr. Hume discovered the method of

making a colour from this earth. It is ihe only white for

water painting, that never changes. It has another peculiar

advantage, it may be mixed with any other colour without
inj ur}\

f Sep Pelletier’s paper on this earth in the Annales de Chi-

mie, tom. xxi. 1 13 3 and in Nicholson’s Journal, 4 to. vol. i. 518.

* See Nicholson’s Journal, vol. iii. 36. Sulphate of stron-

tian is also found in great plenty on the roads near Paris, and in

die province of Pennsylvania in America.
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colour* ;
its taste is acrid and alkaline, but less

so tlian barytes or the alkalies. It is not poi-

sonous; and its solution in water is capable of

crystallization t- It gives a purple colour to

flame L wbicb is the chief characteristic that di-

sting;uishes it from barytes.

What are the zises of strontian ?

Strontian, tiiough it combines readily with all

the acids and possesses alkaline properties, has

not hitherto been employed for any useful pur-

pose §. Hereafter it may be found to possess

valuable properties, for it exists in abundance,

and the Author of Nature has formed nothing in

vain
If.

* In order to procure this earth in a state of purity, carbo-

nate of strontian may be treated in the same way as carbonate

of barytes. See page 158.

•j- Strontian is not soluble in less than 100 parts of cold wa-

ter ;
hot water dissolves it much easier j

it then crystallizes on

cooling, and is similar to barytes in many of its habitudes.

+ If moisture be present in the mixture of strontian with

inflammable bodies, the flame will be of the colour of carmine.

Thvis, if this earth, or the salts formed with it, be dissolved in

alcohol, the spirit will burn with a flame of this colour. This

distinguishes it from barytes.

§ It will be advisable for the preceptor to procure specimens

of this and other minerals, that the pupils may learn how to di-

stinguish them. It will also serve to give a variety to the les-

sons, and prevent satiety.

II
I have been informed that an eminent physician, I believo

Dr. Pearson, has recommended this earth as an ahsorlent to

correct acidity in the stomach, when magnesia would prove

too aperient. -



Chap. 5.] EARTHS. 163
/

Hoio is lime to be distinguished from the other

earths IT.?

Lime is of a white colour^ and of a hot caustic

taste; it forms peculiar salts with acids which
is perhaps the most delicate proof to identify any
earth or otlier simple substance : it changes vege-

table blues to a green ; is incapable of fusion

;

gives out a great quantity of caloric when
sprinkled with water f; and absorbs carbonic

acid when exposed to atmospheric air

^ The specific gravity of pure lime is 2.3. It is soluble in

300 parts of water.

* Lime forms with sulphuric acid a compound soluble in

water to a certain degree
;

so that this earth is easily distin-

guished from barytes and strontian^ whose sulphates are in-

soluble.

f Quick-lime has such an affinity to water that it will ab-

sorb one fourth of its weight of that fluid, and yet remain per-

fectly dry. The water becomes solidified and identified with

the earth. The heat therefore that is evolved in the process of

slacking lime, proceeds from the water as it passes to the solid

state, and not from the earth as is generally supposed.

X The effect of carbonic acid upon lime may be shown by

the following experiment ; Add gradually a very small quan-

tity of water, impregnated with carbonic acid, to a jar about

one-fourth filled with lime-water. A milkiness will ensue, be-

cause tlie carbonic acid forms with the lime an insoluble com-

pound. On adding more of the carbonated water, and shaking

the jar as these additions are made, the milkiness at last disap-

pears, and the whole precipitate becomes re-dissolved. Hence
it appears that lime, w ith a. small quantity of carbonic acid, is

insoluble, and soluble with a larger quantity.

,
It is thus that Nature dissolves and deposits calcareous

M 'i
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In zvhat state is lime found in nature ?

Pure lime is never found inilive ; it is ahva^3

in a state of combination;, generally ^^ illl an acid,

and most copiously vitli carbonic acid, as in

chalk, marble, limestone,&c* *. It is found also

masses. When the ^^aters, by their.exposure to the air, lose

that quantity of carbonic acid which hiVourcd tire solution of the

lime, deposits are formed
j
and hence tlie stalactites and in-

crustations found in caverns, &c., and even the fohaceous cal-

careous strata of rocks
3
which, without doubt, have in some

period been held in solution. When' these waters suddady

lose the acid which was essential to the solution, there is an

irregular precipitation ; hence those tender calcareous cellular

stones, and perhaps also the spongy tufts > but if the evapora-

tion of the carbonic acid takes place slowly, it produces crystal-

lizatiUns, such as stalactites, &c. When lime is crystallized

by nature in combination witli acids, it is called spar. With

fluoric acid it forms tlie beautiful Derbyshire spar, called blue

John. With carbonic acid, the dog-tooth spar, the Iceland

crystal, &c.

* The vast mountains of calcareous earth which are found

in different- parts of the' world, owe their origin, m general, it

is supposed, to the destruction of marine testaceous animals,

which in long process of time formed such vast accumulated

heaps.

» For in vast shoals beneath the brin|-less tide.

On earth’s firm crust, testaceous tribes reside:

Age after age expands the peopled plain.

The tenants perish, but tlieir celis remain

;

Whence coral walls, and sparry hills ascend

From pole to pole, and round the line extend.”-DARWi:r.

Fourcroy, in his Chemical Elements, has given a beautiful

account of this process of Nature, to which I referj as I- am
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ill veffetables, and is the basis of animal bones.

persuaded every reader of taste must be charmed with its

perusal. See Thomson’s edition, part iii. chap. ^

,

sect. 1.

According to Captain Cook, there are in the Southern

Ocean perpendicular coralline rocks, formed entirely of sea-

shells, which' are of such magnitude as to render the navigation

of those seas extremely dangerous.

The shells ot some testaceous animals in the South Sea are

extremely large. The hemo shell on the coast of Sui'natra is

frequently found 3 or 4 feet in diameter, and as white as ivory.

See Marsden’s History of the Island of Sumatra, page 10.

It may be remarked, that while testaceous shells are formed

with carbonate of lime, the shells of a-ustaceoiis animals and.

the shells of birds’ eggs contain also a portion of phosphate of

lime. Its use in the former is not known
j
but the design of

Nature in furnishing the shells of eggs witlr phosphoric acid is

very apparent. The body of the egg contains neither phos-

phoric acid nor lime : it was necessary therefore that Nature

should provide means of furnishing both these substances,

which it does at the expense of the shell
j
which becomes

thinner and thinner during the whole time of incubation, till

the living embryon hath appropriated a sufficient quantity for

the formation of its bones. Part of the albumen for tliis pur-

pose combines with the shell, and another portion forms fea-

thers, &c.

One thousand parls of egg-shells are composed of

Carbonate of lime . 8^6

Phosphate of lime . 5/

Gluten and moisture 47

]000
,5

If fowls are kept in a state of confinement where they can-

not get at any calcareous earth, they lay their eggs without

ehells.
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It occurs likcMuse in the water of the ocean, and

indeed in that of all springs and rivers*.

Hotv is pure lime procuredfrom these minerals ?

Carbonate of lime, bv whatever name it is

called, whether chalk, marble, limestone, oyster-

shell, &C. is to be broken into convenient pieces,

and piled Avith coal stratum super stratum in kilns,

Avhere it is kept for a considerable time in a, white

heat. By this means the carbonic acid and Avater

are driven off, and tolerably pure lime is the

product f

.

* This earth is dissolved in such quantities in the waters of

Tuscany, that the artists tliere are said to form baiso relievos of

very considerable hardness, merely by filling their moulds fre-

quently with the chalky waters of the baths of St. Philip.

f Pure lime should always be kept in well stopped bottles,

if for nice experiments : without this precaution it would soon

absorb carbonic acid, and become carbonate of lime. Jf lime-

water be exposed to the air, it soon becomes covered witli a

pellicle of ca!rbonate of lime from the same cause. In iike

manner, if a little lime-water be put into a glass syphon, and

the legs of the syphon be held upwards so that a person might

blow through it 'Without the liquor running out, the breath

will be found to give a milky colour to tire lime-water, and

carbonate of lime will be seen forming at the bottom of the

liquor, which will eflFerVesce with acids, and have every chemi-

cal quality that it had when m the quarry. This change is

owing to the absorption of carbonic acid from the lungs.

Some persons who have occasion for lime of the best qua-

lity, may be glad to be informed that the earl of Stanhope has

established a work on a new principle for the express purpose

of furnishing this useful article in greater purity than it can be

had elsewhere.
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What are the chief uses of lime ?

Lime united with the acids is applied to va-

rious useful purposes, and, next to silex, forms a

material portion of the solid fabric of the terres-

trial globe In a separate state it is used in

many of the arts§, particularly in making mor-

tar for buildings. Also by farmers as a manure ;

by bleachers
1|,

tanners, sugar-bakers, soap-boil-

Bishop Watson found by experiment that upon an average

every ton of limestone produced llcwt. Iqr. 4lbs of quick-

lime, weighed before it was cold
j
and that when exposed to

the air it increased in weight daily at the rate of a hundred

weight per ton for the first five or six days after it was drawn

from the kiln. This fact is wortli the notice of tliose farmers

who fetch their lime from great distances.

' In the Journal de Physique for 1/75, page 311, are a plan

and description of a kiln for calcining lime after it has been

reduced to powder, in order that it might be used quite hot

without the necessity of its being slacked by water. For some

purposes this is found to be very advantageous.

{ The inhabitants of towns and houses built on a clialky

or limestone foundation are obseiwed to be less liable to in-

fectious or epidemic disorders than those of any other situa-

tion,

§ Quick-lime well dried and pulverized is said (by tire

French translator of Mr. Henry’s Epitome of Chemistry) to

increase the explosive effects of gunpowder, when mixed with

twice its weight of the latter.

Lime is used in the manufacture of glue. The design of it

is to prevent its becoming flexible by the absorption ot mois-

ture, and to add to its strength. Sonle persons use alum for

the same purposes.

II Quick-lime was used by the anticnts for bleaching. Theo-

phrastus, the. disciple of Aristotle, and who wrote more than
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ers, iron-masters and others^ in their several

manufactories^ and in medicine f

.

How do you explain the operalion of lime in

forming mortar and cements

Pure lime has, when united to a certain por-

tion of water, a verj strong affinity for silex,

another most essential ingredient in mortar and

cements; for without this it never hardens—^but

W'hen mixed in proper proportions, the whole

crystallizes as it gradually imbibes carbonic acid

from the atmosphere, and thus in a series of years

becomes as hard as unburnt lime-stone

300 years before Christ, speaks of it in this connection. He
relates an instance of a ship which was loaded in part with

linen, and in part with quick-lime, having been set on fire by

water that was accidentally thrown over the latter, which fired

the linen, and occasioned tire destruction of the vessel.

* I’he iron ores that are wrought in this country contain a

large portion of alumine and silex : in order therefore to flux

these earths and more effectually separate the iron, a quantity

of lime is usually mixed with the ore in the furnace
j
lime

having the property of rendering the other earths more fusible.

f Lime has the property of seizing oxygen from the atmo-

sphere—hence the unhealthiness ofrooms newly white-washed.

Parkinson.—The design of Nature in giving this property to

lime is not as yet apparent.

J When lime is made into mortar, it takes a long time in ac-

quiring the portion of carbonic acid which it possessed in tire

quarry; but the mortar hardens as this absorption takes place.

This accounts mr the great strength of some ancient buildings,
'

in wliich the mortar is found to have a greater degree of firm-

ness than even luuestone itself.
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How does lime act so'as to he of use as a manure

for land?

The use of lime in agriculture may be attri-

buted to a property of hastening tlie dissolution

and putrefaction of all animal and vegetable

matters and of imparting to the soil a power

of retaining a quantity of moisture necessary for.

the nourishment and vigorous growth of plants,

corn, &c.I|: but there is no good soil that does net

contain a certain portion of lime, thougli always,

without exception, combined with carbonic acid.

The sand which is mixed with lime to form mortar or

cement, serves a purpose similar to what is answered by sticks

put into a saline solution to favour its crystallization: therefore,

the harder and sharper' the sand, the better
5

for, if the matter

interposed between the crystals be of a friable nature like chalk,

the mortal' must be weak. See Additional Notes, No 20 .

§ For a further explanation of this chemical process, see An-

derson’s Essays on Agriculture j
he thinks that no quantity of

lime can possibly be too great for land.

II
Hence lime and chalk are found to be particularly useful

on sandy soils. Marie is a mixture of carbonate of lime and

clay. See Additional Notes, No. 20 . Maries are useful in

agriculture only in proportion to the calcareous earth tliey con-

tain. Unless they contain more than 30 per cent, of lime they

are of no value to the farmer. Of all the modes of trial, the

one best suited to the unlearned farpier is, to observe how much

Jixed air the marie gives outj^and this he will learn by dis-

solving a little of it in diluted muriatic acid, and observing

wliat portion of its weight it loses by the escape of this air.

Thus, if an ounce loses only 40 grains, he may conclude that
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What is the use of lime in the operation of tan-

ning leather^

Lime is used bj the tanner in a state of solu-

tion; ill this the hides are immersed in order to

dissolve the gelatinous part of the skin, and to

facilitate the removal of thehair**.

JIozv is lime used in refining siigctr F

Ky boiling the sugar in lime-water the manu-

the ounce of raarle contained only 100 grains of calcareous

earth, and that it would be his interest to pay seven times as

much for a load of lime as he must pay for a load of marie at

the same distance. Dr. Black’s Lectures, vol. ii. 120 .

Ever)’’ farmer should ascertain the nature of his lime before

he uses it in agriculture, as there are many extensive districts

in England where the lime is contaminated by magnesia, which

renders it injurious to the growth of vegetables. See Mr. Ten-

nant’s paper on this subject in the Philosophical Transactions

for 1 799* The limestone of Breedon in Leicestershire is found

to contain half its weight of magnesia. Darwin’s Phytologia,2 1

1

.

Magnesian limestone is generally of a fawn colour, but it may

be known by its being ten times as long in dissolving in an acid

as common limestone. This is tire lime which the Yorkshire

fiirmers call hot lime.

* The theory of tanning is shortly this : After the impu-

rities of the skins are removed, they are steeped in an infusion

of oak-bark, which consists of two distinct substances, viz. the

gallic acid, and the tanning principle. The gallic acid deprives

the skins of their oxygen in a gradual manner
5
and while tliis

is taking place the tan combines with the fibrous part, and forms

leather. See Seguin’s paper on the improved modes of tan-

ning in Nicholson’s Journal, 4to. a’oI. i. 271j also Professor
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fac^urer deprives it of a 'certain micombined

acidf which prevents cr_ystalIizalion

IVhnt is the use of lime in the manufacture of

soap F

Lirne is mixed with the alkali in order to de-

pri\e it of carbonic acid. The alkali is thus

rendered what is called caustic, ‘and in this state

operates more powerfully on the oil or tallow

which is to be converted into soap§.

Davy's paper on this subject in the Philosophical Transactions,

vol. xciii. 233.

f Lime is frequently used by chemists in processes where

there is a superabundant and injurious quantity of acid. The

lime .seizes the acid, and frees. the solution from it, by forming

with it a neutral salt.

% For tlie process of refining sugar in England, see Rees’s

Cyclopaedia—article Sugar. The account may be relied on,

as it was. written by a gentleman engaged in the business.

The meibod of refining in the French South American colo-

nies is described by Fourcroy, vol. vii. 215.

Dr. Roxburgh has lately published a minute account of the

Hindu method of cultivating the cane, and manufiicturing the

sugar, in the ylsiatic Annual Register for 1802.

§ As different alkalies require different proportions of lime

to render them perfectly caustic, every soap-maker should be

acquainted with a test by which he may ascertain when he shall

have given the proper quantity.

Having paid great attention to the different processes in this

manufacture, 1 think I am justified in saying, that no trade is

less understood, even by the people who conduct it, than this.

At some future time I intend (if other avocations admit of it)

to draw up a treatise on the manufacture of soap, in which I

shall endeavour to explain the different operations on chemical
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We have hilherto spoken only of lime, and of car-

bonate of lime : Is lime found native in any other

state of combinafionP

This earth exists in large quantities in various

•parts of the world combined with sulphuric acid,

which formsgypsum* *; with the fluoric acid

in the fluor spar f ;
with the phosphoric acid in

a mineral called apatite'l, and in some precious

stones.

What is magnesia?

Magnesia is a very soft, white, light earth ;

principles, and how each process may be conducted to the best

advantage. We have no English work on soap-making, and

I believe there is nothing in any language worth reading on

this subject except the “ Report on the Fabrication of Soaps,

made by Darcet, Lelievre, and Pelletier, by order of the Com-

mittee of Public Safety," in the ipth voluihe of the Ann, de

Chimie; but as the French make use of articles which our

soap-makers cannot avail themselves of, a great part even of

that paper is not applicable to the practice in this country.

* Gypsum is composed of30 parts of sulphuric acid, 32 eartli,

and 38 water. Kirwan.

f Lime combined with the fluoric acid forms those beautiful

fluor spars which are brought from the mines of Derbyshire.

Combined with muriatic acid, large quantities of this earth ai'e

held in solution by the waters of the ocean.

1; The bones of all kinds of animals are formed of this earth

and phosphoric acid, in the proportion of about 80 parts earth

and 20 parts acid.

The best test for the presence of lime is oxalic acid, which

forms with it an insoluble precipitate, Oxalate of ammonia is

generally us'ed for tliis purpose.
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with little taste or smell §; unalterable in the

fire
II,

and almost insoluble in water 1 ;
and when

combined with sulphuric acid forms a purgative

salt very easy ofsolution* *.

How is 7nagnesia procured?

]\'Iao*nesia is never found in a state of purity,

but is generally procured from sulphate of mag-

nesia (Epsom saltf) which exists with the mu-

riate of this earth in sea-water, and in many

§ Magnesia converts vegetable blues to a green. In this re-

spect it resembles the alkalies. Indeed some chemical writers

have classed it with the alkalies. It was formerly confounded

with carbonate of lime t Hoflinan was the first who distin—

jmislied it from all other earths.

(I
Though this earth is infusible of itself, it assists the fusion

of every other body. It requires near 8000 times its weigut of

water to hold it in solution : notwithstanding this, it has the

property of rendering camphor, opium, and resins, soluble in

water. Its specific gravity is 2.33.

5[
Magnesia dissolves in alkaline carbonates, but is not so-

luble in the caustic alkalies.

* Sulphate of magnesia is found in several mineral waters.

The litter saline waters generally owe their taste to this salt.

All the salts formed with this earth are bitter, and generally

very soluble.

The Epsom salt (sulphate of magnesia) of commerce is ge-

nerally procured from the mothers which remain after the

separation of common salt from sea water, by adding thereto

sulphate of iron. In this process the sulphuric acid leaves the

iron to unite with the magnesia, and the muriatic acid w’hicli

was before combined with it unites with the iron.

t The magnesia used in medicine is prepared thus: A so-

lution of carbonate of potass, or soda, is poured into a heated

soluliofi of sulphate of tnagnesia, when a double decomposition
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sprinc's. Magnesia is also a component part of

severalminerals* *.
)

What are the uses of magnesia?

Pure magnesia, as well as the sulphate and car-

bonate, has important uses in medicine f. It is

also required in some chemical processes, and is

employed by the manufacturers of enamels and

porcelain It is also the most effectual anti-

dote in case of poison by the mineral acids §.

and combination take place. The sulphuric acid of the sul-

jjhate of magnesia seizes the alkali, and the carbonic acid of

the alkali combines with the magnesia. Thus carbonate of

magnesia and sulphate of the alkali result from the process.

* Inverary-House is built with a stone called lapis ollaris,

which contains a large portion of magnesia. Magnesia is found

also in talc, steatites, potstone, asbestus, fossil cork, and other

minerals. The stones which contain a large portion of this

earth have generally an unctuous feel, a fibrous te.xture, and a

silky lustre.

y When magnesia is taken as an aperient, it ought to be in

the state of carbonate of magnesia, or what is called mild

magnesia. When it is taken as an absorbent to correct acidities,

calcined or caustic magnesia is most proper. On several ac-

counts it is of consequence to attend to this distinction.

+ It is probable that some of the most esteemed of the por-

celain clays may owe their estimable properties to an admix-

ture of magnesia. In Nicholson’s Journal, vol, xii. we read

of a porcelain earth, hitherto considered pure clay, having been

analysed, and found to consist only of carbonate of magnesia

and silex. Magnesia, I understand, is of use in porcelain,

by lessening the degree of contraction to which all kinds of

earthen-ware and porcelain are liable,

^ If putrid wafer be agitated with a small quantity of mag-
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^7'€ there not instances in nature of the earths

€ntc7'in§ into coiiihination with each other
j|
P

Yes ; minerals are found, in which the eaiths

are combined in different proportions by pro-

cesses unknown to us, wnicli Nature employs to

produce that endless variety of what, in common

lano’uaf*’e, we call rocks, stones, gems, &c,^[

nesia, it will lose its bad taste and smell in a few minutes,

Proust, Journal de Physique. Might not this method be some-

times of use at sea, on long voyages ?

II
Aluraine and silex are the earths which have the greatest

affinity. These earths are found in nature oftener united than

any other. The hardest stones are formed of tliese t\vo earths.

Monsieur Guyton de Morveau has proved by direct experi-

ment that the earths have not only an affinity for each other,

capable of producing combination, but likewise an elective

attraction, which destroys one compound in order to form

another. The paper containing an account of his experiments

may be seen in Annales de Chimie, tom. xxxi. Mr. Chenevix s

memoir on this subject, in the Phil. Trans, for 1802, is also

very interesting.

^ Potter’s clay is a mixture chiefly of silex and alumine j
the

colouring earths used as pigments are mixtures either of clay

and tlie oxides of iron, or clay and charcoal] garden mould is

a mixture extremely various, sometimes containing silex, alu-

minc, magnesia, iron, lime, and carbon
3
the common millstone

is generally composed of alumine and silex
;
and the ciumbling

sandstone is a mixture ot iron and silex. It is howevei impos-

sible to enumerate the endless diversity of substances which

Nature offers ready formed for the use of manj for the mix-

tures of the earths which arc found naturally combined, epm-

prehend all tlie ^varieties ot clays, slate.s, stones, spars, gems,

rocks, crystals, zeolites, quartz, flinl.s, Scq.
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What do you suppose could he the design of Mi-
iurc informing so many distinct earths?

The earths have several properties in com-
mon ; jet as every earth possesses diflerent and
specific properties, it is evident that Nature de-

signed them for diflerent and distinct purposes of
utility.

lou'have enumerated the^ separate uses of most

of the earths; canyon recollect the collective advan-

tages 'which arisefrom this class of bodies?

Tilie uses of many of these earths are not yet

discovered ; hut tlie benefits which we derive

from lime, clay, silex, and magnesia are too va-

rious and important to be enumerated. Besides

The student may acquire much information on this subject

from Weaver’s Translation of Werner’s external Characters

of Fossils,” 8vo. ,

A regular classification of the different earths and stones, ac-

rording to the system of M. Daubenton, may be seen in the

first volume of Thomson’s Fourcroy.

A few short directions for analysing stones are given in Mr.
Parkinson’s Chemical Pocket-book, new edition, page 2 Iff,

There is an excellent paper on this subject in vol. iv. of Dr.

Thomsons System of Chemistry, p. 128. Fourcroy’s direc-

tions are more concise, but they are worth the perusal of those

who are not accustomed to this kind of analysis. Further in-

formation may be had by consulting the 1st vol. of Kirwan’s

Mineralogy,

The minerals, which are generally tlie subject of analysis

with chemists, are formed with different proportions of the nine

earths and the metallic oxides
j such as oxide of iron, copper,

nickel, manganese, chrome, &c.
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that these afford support to the vegetable crea-

tion, they possess so many valuable properties,

that man may attain a very high degree of civi-

lization, .&c., by their means.

In order to impress your memory, and to finish

the consideration of ihis class of bodies, endea-cour

to recollect those uses of the earths which appear to

you to be most important.

Lime, then, has an extensive and important use

in agriculture*; it is employed in building,

&c., and adds much both to the neatness and

durability of our dwellings. Silex is the basis

of all mortar and cements, and is a necessary-

ingredient in earthen-wa're, porcelain, and glass.

Barytes is employed in chemical laboratories as

a re-agent, and for the formation of salts. Mag-
nesia, besides being the basis of several salts, is

of great use in medicine; and Alumine, by a due

mixture with silex, is capable of formino- vessels

for chemists that will resist the action of the most

concentrated acids; it is the material of which
the bricks are formed which construct the walls

of our habitations, and is also spread out by the

great Author of nature in strata within our hills

* Tlie goodness of a soil depends upon its being able to re-

tain the quantity of moisture which is proper for the nourish-

ment of vegetables, and no more. Now the retentive power
of a soil increases with the proportion of its alumine, lime, or

magnesia; and diminishes as the proportion of its silex increases.

Dr. 1 homson, vol. iv. 9» first edition.

N
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and mountains to arrest the progress of sub-

terraneous waters, and to produce those springs

that fertilize the valleys, and which take such di-

versified courses upon tlie surface of tl)e globe.

* Some have imagined that the earth would have had more

beauty, and would have been much more convenient, if the

whole had been a plane surface
;
and others have gone so far as

to adduce the mountainous parts of the world as a proof of the

imperfection of the works ot Nature.: but. independent ot the

beautiful variety w'hich they give to the surface of the globe,

they are the sole cause of all our springs, and the ori.ln of rivers,

without which we have a difficulty in conceiving how animal

and vegetable life could have been preserved.

Like the good man who, elevated by his rank, virtues, and

talents, stands erect in conscious integrity, and dispenses bless-

ings of every kind around him—the hills raise theii towering

heads towards heaven, to draw from thence the fructifying'

waters, which, when purified by percolation through their si-

liceous beds, they pour forth in a thousand streams to fertilize,

and bless every region of the earth.

“ I see the rivers in their infant beds ! ,

Deep, deep, I hear them, lab’ring to get free

!

I see the leaning strata, artful rang’d

;

The gaping fissures to receive the rains.

The melting snows, and ever-dripping fogs.

Strow’d bibulous above, I see the sands.

The pebbly gravel next, the layers then

Of mingled moulds, of more retentive earths,

Tliat, while tlie stealing moisture they transmit.

Retard its motion, and forbid its waste.”
.

Thomson

When we consider that the crystal spring and the meanderinc

river owe their origin entirely to these eminences dispersed ove:

the earth’s surface, what importance do the mountains acquin

in our estimation ! and w'hat reason have we to admiie the wiS'

dom of that Being who had an eye to every exigency, and it

the infinity of his power has so amply provided for all 1
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CHAP. VI.

OF ALKALIES. "
!

HAT h the nature^ of an alkali ?

The alka'licsf have an acrid and urinous tasle;

they change the blue juices of vegetables to a

green ; and have the property of rendering oils

miscible with water. They are incombustible^ but

may be rendered volatile by a great heat.. They

are soluble in water ; form various salts by

* No written description that can be given of an alkali will

convey any correct idea of die taste or properties of this class

of bodieSj to a person who has had no opportunity of examining

an alkali : let the pupil therefore procure a specimen oF each

kind before he enters upon this chapter. The juice of the

gooseberry and the lemon, and many other vegetable substances

will remind him of the general properties of the acids; but

having met with nothing analogous to the alkalies, it will be

necessary for him to taste and examine one of these bodies in

order to acquire any thing like a just idea of their nature. Let

,him form potass or soda into a neutral salt by saturating it with

one of the acids, and he v;ill perceive still more of the nature of

these bodies.

j Ihe word alkali is of Arabian ‘origin, and signifies the

dregs of bitterness," >

N 2
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combination with acids* ;
and act as powerful

causticsf when applied to the flesh of ani-

mals;];.

Hozv many alkalies are there ?

' There are three alkalies § ;
two of which have

been called jixed alkalies, the other has long

been known by the name of volatile alkali.

* Potass becomes mild by its union witli carbonic acid
;
the

most caustic soda, if united to corrosive muriatic acid, forms the

mild salt used at our tables.

f It seems that causticity depends on chemical affinity, and

that the caustic substance corrodes the matter to which it is

applied, in consequence of its tendency to unite with that mat-

ter
;
and that it continues to act upo'n it until it has saturated

itself by the combination. Thus the most caustic alkalies

may be combined so as to form insipid salts. See Macquer’s

Chemical Dictionary, where this chemical operation is very

fully explained.

+ If a piece of animal flesh be put into a strong solution of

potass or soda, it will immediately be acted upon by the alkali,

and will soon be entirely dissolved, so that the whole will ap-

pear as one mass.

§ The alkalies have a great affinity for water and for carbon

;

it is therefore probable that their causticity is owing to this cir-

cumstance, water and carbon being so abundant in animal

b(-dies. If the alkalies be dissolved in a large portion of water,

thev lose their caustic'qualities.

Tire French chemists have classed barytes, strontian, lime,

and magnesia among the alkalies, on account of their pos-

sessing some alkaline properties but as they bear a greater re-

semblance to the earths than the alkalies, I have adhered to the

old classiflcalion of these bodies.
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Which are the fixed alkalies ?

The lixed alkalies are potass
||
and sodaH.

Why have they been calledfixed* * alkalies f

Because they will endure a great heat and still

remain unchaui'ed.O

What substances enter into the composition of

these alkalies P

The fixed alkalies have hitherto been consi-

dered as simple substances, chemists not having

yet been able to decompose them ; but there are

reasons to believe that they are compound bo-

dies f.

II
Modern chemists call the pure vegetable alkali potass,

whereas the article of commerce is called potash.

This alkali was formerly procured by burning vegetables in

large iron potsj hence it acquired the name of j5r>/ash.

^ Soda acquired its name from the plant salsola soda, which

grows on the Spanish coast, and which is burnt for its prepa-

ration.
/

* Mr. Chenevix objects to the name fixed alkalies
;
but as

the term is used in all modern chemical writings, and as I con-

ceive that it may be useful to assist the memory of beginners,

I have retained it in this work. These alkalies have surely

some claim to the title of Jixed, for they u.quire a red heat to

dissipate them
;
whereas the other alkali becomes volatile at a

very low temperature.

f Some time ago Guyton de Morveau imagined that he had''

discovered the composition of the fixed alkalies, and announced

the discovery to the National Institute: but Darracq repeated

the experi nents of Guyton, and pointed out the fallacy of his

conclusions. '

At the great explosion of the iron furnace at Colebrook Dale

1
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Have we any historical account of the discovery

of these substances f
_

Potass was known to the ancient Gauls and
Geimans* *

; and soda was familiar to the Greeks

and Hebrews. This latter substance was known
ti, these ancients bj the name of nitriunf.

What is the origin ofpotass f

Potass is chiefly procured by lixiviation from

the ashes of burnt wood, and other vegetable

substances];
; but as it exists in minerals and

by the bursting of the dam of the river, on the 7 th ofSeptem-

ber ] SOI, its whole contents were thrown into the air, and it is

said nothing was found afterw'ards but potass, soda, and prus-

riate of potass.

It has been ascertained by experiment that potass is formed

jn what are termed nitre-beds, or collections of the materials

from which nitre is procured, though it could have pre-existed

in none of them. How this takes place we certainly at present

are quite ignorant.

* These people were prubably the inventors of soap, as we are

told by Pliny, that they made soap with the ashes of vegetables

and tallow. A soap-boiler’s shop with soap in it was discover-

ed in the city of Pompeii, overwhelmed by Vesuvius, A. D. 79 .

See Miss Starke’s Tetters from Italy.

f This substance is found native in Egypt, and is there called

mtron-, a name not much unlike tliat which it bore arnong the

Jews and Greeks.

J A table of the quantities of alkali procured from different

kinds of wood, may be seen in a valuable memoir on the fabri-

cation of potash in Annales de Chimie, tome xix. J57.- Direc-

tions, by Vauquelin, for burning vegetables in a proper manner

for this purpose, will be found in the same volume, ig4.
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eaii3is§, tli^re is reason to believe that plants re-

ceive it from the earth during vegetation |1.

. IVJiot is the origin of soda f

« Soda is generally procured froin the ashes of

marine plants^ ;
but its great depository is the

Potsss is prcpar?ii iu Isrge qusnlitiijs in wins countiies, by

the incineratiou of wine-lees and must. This article is known

in France by the name of cendres gravelees.

§ Potass . has been discovered in the' pnmice-stone ;
in the

zeolite; and in the lencile, an earth of the siliceous kind. It

has also been found in the aluminous ores of l.a Tolfa
;
but

never in an iincomhincd state that I know of, except in the

water of some wells,

II
It has been said, that potass cannot be procured from ve-

getables without burning them previously to their being Exivi-

ated, or treating them with nitrous acid, or by some process

capable of furnishing oxygen and nitrogen; and, indeed, it has

been found, that if vegetables be soaked for some time in water

and then burnt, they will afford no potass. Hence it appears that

potass, or one of its constituent parts, exists in the plants before

incineration. It is therefore probable that the potash was ori-

ginally in the soil, and that the ^egetables take it up by their

vegetating organs.

The salsola soda, which grows among the cliffs on the sea

coast, is endowed with the property of decomposing sea-salt.

By some process of vegetation, it separates t)»e muriatic acid and

absorbs the soda. Hence it acquired the name of saltwort

.

This plant is collected by the Spaniards with great care, and

burnt for the manufacture of bauilla, which is a considerable

article of commerce. Thus Nature has providently furnished

the inhabitant of the otherwise barren, coast with a source of

employment, and has enabled him to supply the interior witli

an article of indispensable necessity, for ages before the science
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ocean, soda being the base of sea-salt*, or mu-
riate of soda.

How is it that marine plants give out soda, while

those which grow in the interior of the country

afford potass P

This can only be accounted for bj supposing

of chemistry could aifbrd him otlier means of decomposing

muriate of soda.

“ The salhcort's starry stalks are thickly sown.

Like humble worth, unheeded and unknown.”
Charlotte Smith.

Most of the peasantry in the Shetland Isles and in the High-

lands of Scotland are supported by collecting sea-weeds, and

burning them into kelp, an article which produces great reve-

nues to the lairds of those districts.. Many of the wretched in-

habitants of those dreary regions have nothing to depend upon

for subsistence, but a miserable pittance, which they acquire in

this employment.
“ The kind impartial care

Of Nature nought disdains thoughtful to feed

Her lowest sons.”

The best account of the manufacture of kelp wmII, T believe,

be found in Jameson’s Mineralogy of the Scottish Isles. See

also Repertory of Arts, vol, xii.

Soda, combined with carbonic acid, is found mixed with

earth in Hungary, Bohemia, and Switzerland
j also in China,

Syria, Persia, and India.

Soda is procured also by chemical processes from sea-salt,

wliich is found in immense masses under the earth’s surface in

many countries, particularly in Poland, Hungary, Spain, and

England.

An interesting memoir on the decomposition of this salt,

published by order of the Committee of Public Safety, may be

seen in the Annales de Chiraie, tome xix. 58. It occupies p8
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that vegetables have the power, during vegeta-

tion, of decomposing sea-^salt, and retaining the

soda in their constitution..

Jii soda found in any oilier state ?

Yes : soda is found in great plenty combined

with carbonic acid in the natron beds of Egypt'f,

pages, arid contains a detailed account of several effective pro-

cesses. It may perhaps be the means of saving some indivi-

duals from loss and disappointment, if I inform them, that I

have myself repeated most ot those processes in a reverberatory

furnace, built for that particular purpose, capable of producing

an intense heat, and sufficiently capacious to allow some hun-

dred weights of the materials to be operated upon at oncej and

that I am of opinion that none of the means there directed can

be profitably employed in this country during the, present hij^h

price of salt, except by those whose manufactories may pro-

duce saline residuums, or whose locality of situation may give

them peculiar advantages. The decomposition by potass, or

by the oxides of lead, presents the fewest difficulties ; but even

these methods cannot be lucrative, unless at a time when potass

and lead are at moderate prices.

f The natron lakes of Egypt annually produce a large quan-

tity of mineral alkali. It probably arises from the decomposi-

tion of muriate of soda, by means ot carbonate of lime, assisted

by the heat of the climate. In summer the water of these

lakes is evaporated by the sun, w hich leaves a bed of natron

generally two feet thick
;
and this is broken up by wedges, and

packed for the European markets.

Berthollet formed an artficial natron bed in one of the gar-

dens of the National Insutute, by the mixture of carbonate of

lime, silex, and muriate of soda. After a time, a partial de-

composition was effected, which was evident from the incrus-

tation on the surface changing the colour of test paper.
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and in the East ladies*; also in various parts of.

tlic world, imited. with other aciusf.

* Natron in large quantities is frequentl}’ sold at tlie tnig-

lish East India Company’s public sales, and is brought by their

vessels from China and other parts of the ’East.'
'

*
. , : J I i ;

'

; . \ - f

f Soda exists native in boi ax, and in muriate of soda, which

is our common culinary salt. Near Cordova in' Spain there is

said to be a mountain of this salt 500 feet high, and nearly-

three mil^s in circumference. Tlie miiae of Cracow'in Poland

is computed to hold salt enough to suffice' the whole world for

many thousands of years. \
'

I copy the following extract from a letter received by a friend

ofmine from the Rev. Dr. Allison, dated liorden-Town, N. Jer-

sey, Dec, 3, 1803 :
— '‘• There has lately bfeen discovered on the

Missouri in Louisiana, a mountain of {>ure rock .salt of the best

quality, 80 miles long, 45" wide, and of an immense height;

The surface is barely covered with earth, and there is not a tree

or shrub growing on it.' This is established as a fact, and some

of the salt has been sent to Marifetta on its w.ay to Wa.<hington

city. "V^arious caves of saltpetre are fbuud in its vicinity.”

Soda ha.s also been found in the proportion of 4 per cent, in

common whinstone, and in volcanic -lava. Edinburgh Trans,

yol. V. As- these specimens cuntained lipie and muriatic acid,

it is very probable tliat the soda was produced by the decompo;

sition of muriate of sqda by the agency of tire.

The chrysolite of Greenland, which is an insoluble fluate of

alumine, is found to contain 3G per cent, of soda. Klaproth.

Soda is one of the substances found in the bile of animals.

Whenever this alkali occurs native, it is always in a mild state
j

and as it pannot combine with oils to form .soap, unless it be

caustic, this causticity vis given it for these manufactories^ by

artificial means. It is worthy of remark, that Nature has furr

nished the bile willi soda in a state of causticity, which gives it

the property of combining with and saponifying tlie fat or oily
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How have the fixed alkalies been distinguished

from eaeh other F

The one lias been called, the vegetable, and the

other the alkali

What are the distinguishing properties of these

txeo alkalies f

The fixed alkalies are very similar in their ge-

neral properties§; but are easily distinguished

substances taken into the stomach, and rendering them soluble

in the other animal fluids. What account can be given of this

deviation from the usual course of nature, but the important

purpose which it serves in the animal oeconoray ?.

Potass was called tlie vegetable alkali, because k was sup-

posed to exist only in vegetables, though it is Low found in

mir-erals, &c. Soda was called mineral alkali, because it exists

in mineral salt.

Soda, as distinguished from potass, has been known but of

late years. Even half a century ago, the salt which was arti-

ficially produced by the mixture of muriatic acid and potash

was Called ‘f re-generated marine salt-," which shows that che-

mists had not then learnt to distinguish behveen potass and

soda. Some of the properties of soda were known in times of

remote antiquity. A Hebrew writer speaks of washing with

patron. Jeremiah ii, 22.

§ When the fixed alkalies are in a slate of purity, it is im-

possible by inspection to distinguish them from each others

and yet they form, by union with' the same acid, salts veiy op-

posite in their saline properties and appearance. Thus the sul-

phuric acid and soda form a salt very soluble in water, which

crystallizes in long separate six-sided prisms, effloresces in the

air, and undergoes a watery fusion, by the action of heat

:
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by the variety of salts which they form with the

acids; and by potass being more deliquescent

than soda.

Is there any chemical test by which yon can di-

stinguish these two alkalies?

There are many ; but a solution of the ore of

platina in nitro-muriatic acid will answer this

purpose most completely*.

What are the chief uses of these alkalies ?

The fixed alkalies have various uses in surgery

whereas, the same acid and potass form a salt extremely

difficult of solution, which crystallizes in hexahedral pyramids,

or in short prisms, crossing each other at right angles, is

not affected by the action of the air, and decrepitates in

the fire.

The oxalic acid has been used as a test to distinguish the

mineral from the vegetable alkali. With the latter it forms a

very soluble salt, but with the former one of difficult solubility.

Kirwan's Mineralogy, vol. ii. 7-

The acetous acid is one that may be employed, as it forms a

ayslaltked salt with soda, and a delic/uescent salt with potass.

Potass may also be known from soda by supersaturating it with

tartaric acid, with which it forms a salt very insolulle in

water.

The alkalies, when combined with carbonic acid, form very

solulle salts, while the earthy carbonates are nearly insoluble in

water. ,

'

* If a little of any alkaline solution be poured into a solution

of the ore of platina in nitro-muriatic acid, a yellow precipitate

will be seen, if the alkaline sohuiem contained potass
j
but if it

contained only soda, no precipitate will occur. The peculiar
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and raediciiief
;
they are the bases of several salts;

are employed much in the arts]]; and are also of

great use to the analytical chernist§.

. How are the fixed alkalies employed in the arts?

The fixed alkalies are used in large quantities

by the glass-maker
[|,

the dyer, the soap-maker,

the colour-maker, and by various other manu-

facturers.

In a former chapter we noticed the use offixed

alkali in making glass:—can you tell the use of it

to the dyer ?

The alkalies are known to have the property

advantage of this test consists in its ready application
j
whereas

the old tests required time to ascertain the nature of the .salts

formed by their means.

f Fourcroy is ot opinion that soda is more proper for medi-

cinal purposes than potass, on account of its analogy with ani-

mal substances, which always contain it , while on the contrary

no portion of potass is found in them.

f The greatest consumption of the fixed alkalies in this

country is in the manufacture of soap. They are also largely

employed in bleaching, and in the manufacture of glass. Soda

and potash are both used in washing, and for other domestic

purposes
;

as they powerfully unite with all greasy substances,

which they render soluble in water.

§ See note, page 1 96 .

II
Soda has the property of fusing silex with more facility than

potass; hence it is preferred by those glass-makers who have

made trial of both these alkalies.

Soda is preferred to potash in most of the manufactures, be-

cause it is much less acrid, and do.s not attack or weaken the
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of altering tTie hue of mostcolours* *: they are

therefore employed with this view by the persons

who are engaged^ in this trade,

Whi/ are the alkalies employed in making soap ?

All alkali is an essential ingredient in soap^, as

it is the only article capable of converting tallow

or oil into a saponaceous substance, and enabling

it»to combine with water f.

texture ot piece (i. e. linen) goods, nor corrode and destroy

utensils of wood, metal, &c. as potash does.

It is curious to observe that the alkalies combine with trans-

parent olive oil and produce opake soap
j
and that they unite

with opa\e sand to form transparent glass. How various are

the properties that have been impressed upon those primary

materials of the universe, that were intrusted to man for the

promotion of his convenience and comfort

!

* The fixed alkalies facilitate the solution of the colouring:

part of dye-goods, and generally render the colours darker.

f To make soap, it is necessary to employ a fixed alkali in a

caustic state. In this country the business is usually conducted

in the following manner: Spanish barilla or Scotch kelp is

broken in pieces, or coarsely ground’ by a horse mill
j
and, when

mixed with a sufficient quantity of quick-lime to absorb the

carbonic acid, the whole is thrown into large wooden or iron

vats, and covered with water. In large works, these vats are

generally of cast iron, and sufficiently capacious to hold 3 or 4

tons of alkaline ashes. At a.proper time, the water, impreg-

nated with the caustic alkali, is let oft' into iron receivers be-
*

low, and the vats are covered again with water, which, after

standing a sufficient time, is let off as before. This liquor is

called soap-boilers’ ley. When a, sufficient quantity of this is

prepared, Russian or English tallow is put into a large iron boiler
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Why are the fixed alkalies employed in making

colours ?

Maflv colours now manufactured in this coun-
«/

try cannot be made without lin alkali : thus, ani--

mal matters are incinerated with an alkali to

form > Prussian blue; a fixed alkali is also em-

ployed as a flux in the formation of mineral blue

from cobalt; and in making other mineral co-

lours. ,

and melted with a portion of the above-mentioned alkaline ley.

At first the tallow appears liquid like oil, but during its boiling

it acouires by degrees consistonee as ii saponifies. When the

alkali is uniformly combir.ed with the tallow, the weak liquor

is pumped from beneath the soap, and fresh leys are added la

their stead. Th,-se are boiled as before; till the soap exhibits

certain appearances well known to the manufacturer : it is .then

cooled down, and poured into deep wooden frames I.*} inches

wide and 45 inches long
;
where it remains till it has acquired

a sufficient degree of solidity to be cut up for sale. It is the

alkali which sives soap its detergent quality, and which renders

it soluble in water. The tallow serves to moderate the sharp-

ness of the alkali, and to prevent its injuring die hands of those

who use it.

In making yellow soap, resin is used in the proportion of

about 1 part to 3 or 4 parts of tallow. The resin makes the

soap more detei'.sive, and enables the manufacturer to sell it

cheaper. Common fish oil, when its price permits, is also

used in yellow soap.

Potass is the alkali used for soft soap, which is a distinct and

separate trade in this country. A solution of this alkali in a

caustic state is boiled with fish oil
;
and when the oil is suffi-

ciently saponified, and a complete union of the materials formed.
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What are the other uses of these alkuUes ?

They are employed in makingalum* *, in

bleaching-, &c. &e.f

From -vchence is this country supplied u'iih these

alkalies ?

The greatest part of tlie potass used in this coun-

try comes from America and
,
Russia ; hut the

kelp of our own coasts, and the barilla cf Spain J

the u'hote is poured into small casks for sale; tlie water having

combined with the oil as well as the alkali. - '

* Alum, which is a triple compound, cannot be perfect

without the addition of a portion of potass or ammonia, h'or

this purpose the British manufacturers generally use kelp (which

contains a quantity of potass as well as soda), or black ash,

which is an article made from the waste leys of the soap-

boilers, and which, with other salts, generally contains a por-

tion of muriate and sulphate of potass. Putrid urine is some-

times used, on account of the ammonia which it affords. For

the process of alum-making see page 151.

•j- The design of using alkali in bleaching, is to loosen and

carry off that particular substance in the cloth which occasions

its brown colour, and which Dr. Home says is a kind of heavy

oil. For further information consult Berthollet on dyeing, or

Pajot des Charmes on bleaching.

+ The soda of Spain is procured from the5oZyo/a, as has been

noticed, and also from the bails waritima. Tire Sicily barilla

which is imported into this country is'chiefly made by the inci-

neration of the zostera maritima. These plants must be en-

dowed with some very peculiar organization for the decompo-

sition of sea salt, superior to that of other marine vegetables;

or w'hy does not sea wrack (the Fucus of Linnaeus) of the

British shores, and other sea plants that are burnt for kelp.
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and Sicily furnish us with most of our mineral

alkali§.

Are these alkalies sold in a state of purity P

No : jjoth potash and soda always contain a

yield a proportionate quantity of soda. Whenever I have had

occasion to lixiviate ordinary kelp, especially Irish kelp, I have

not failed to observe that the neatral salts which precipitate

from the solution, are not muriate of soda, as might have been

expected, but muriate of potass. And this salt is so abundant,

that I have often had many hundred weights of it from a single

ton of kelp. From this circumstance, which formerly.puzzled

me not a little, I am now induced to believe that marine plants

(excepting those that are cultivated for barilla) yield potass by

incineration, and not soda, as has generally been imagined
j

and that the soda which occurs in kelp is produced by the ope-

ration of the potass on the sea-salt in the vegetable, or on that

which is thrown into the mass by the burners to increase its

weight : for a solution of carbonate of potass, poured into a

boiling solution of sea-salt, always produces an immediate de-

composition, the result of which is carbonate of soda and mu-

riate of potass.

§ As we are indebted to foreign countries for most of our

fixed alkalies, it would be a great national benefit if some inge-

nious chemist could discover an expeditious as w^ell as (Econo-

mical mode of recovering the alkalies after they have been

used for manufacturing or domestic purposes. The waste liquor

might be evaporated : and if the residuum were calcined, the

potass or soda would be recovered entire, and endowed with all

the valuable properties which it originally possessed) as it is by

nature indestructible. The desideratum is, how to divest it of

its impurities, and how to calcine it at a small expense.

By examining " The Report of the Committee of tire House

of Commons appointed to inquire into the Laws relating to the

Salt Duties,” I find that from tlie 5th of Jan. 1800 to the 5th of

O
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quantity of carbonicacid* * and water ;
and are

often contaminated witli various eartlis, and some-

times witb a portion of sulpliiirt.

Have alkaUss any peculiar affinily for sulphur T

Both potass and soda, as well as ammonia, have

a strong affinity for sulphur ;
they comhine hy

trituration or heat, and fonn sulphuret of alkali|',

formerly called licpar sulphuris,
“ liver of sul-

phur.”

What is the nature of sulphuret of alkali ?

Its colour is similar to that of the liver of ani-

.Tan. 1601 the following quantities of alkali were imported into

Great Britain

:

Civt.

Barilla 172,454

Pearlash 44,401

Potash 135,401

Declared Value.

^.362,153 18 6

128,765 2 6

284,342 3 6
^

* The potash and soda of commerce contain nearly one 5th-

of their weight of carbonic acid, besides lime, silex, and other

Impurities.

f An ash which contains 20 per cent, of pure alkali is capa-

ble of taking up 1 5 parts of sulphur. Such ashes may be desul-

phurated by three processes : by calcining them in an open fur-

nace exposed to a rapid blast of air; by saturating them with

any vegetable acid ;
or by exposing them in a situation to im-

bibe carbonic acid. See a paper on this subject in tire Irish

Transactions for 1789.

- + If equal parts of sulphur and pure potash are triturated to-

octher in a mortar, the sulphur will soon acquire a green colour

Uie temperature of the mixture will be raised, and a mlfiuret of

potass will be formed. Carbonate of potass or soda will answer

for tins purpose 'as-well as the pum alkalies, if heat be enrployed.
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mals ,• its taste is acrid and bitter ; aiid it has the

property of decomposing water §.

How are the alkalies of commerce purified for

the use of the chemist or mamifactiirer ?

Potash or soda is generally mi.^cd with a por-

tion of qiiick-linie to divest it of carbonic acid,

and then lixiviated in proper vessels to obtain a

solution of the caustic alkali, free from other im-

purities. WJien it is required perfectly pure for

nice purposes, the alkali is dissolved in alcohol,

and purified by a peculiar process
||.

Arc the fixed alkalies ever used in a state cf com-'

hination with carbonic acid?

Carbonic acid gives potass and soda the pro-

§ Sulphuret of potass or soda cannot exist but in a dry state,

for it decomposes water when dissolved, and then sulphuretted

hydrogen is produced.

II
The different methods which have been followed to purify

the fixed alkalies, are detailed at length by Mr. John Thomson

in his Notes on Fourcroy, vol. i. 3/3. Another method has

been proposed' by Lowitz, which may be seen in Nicholson’s

Journal, vol. i. 4.

j\Ir. Henry has suggested that the fixed alkalies may be pu-

rified from sulphate of potash, which generally contaminates

them, by means of barytes. His method consists in rendering

,

the alkali first fjerfectly caustic by quick-lime, and then adding

to the clear solution a warm solution of pure barytic earth till

the precipitation ceases. The barytes seizes the sulphuric acid,

and leaves the alkali pure
j
which may, if required, be after-

wards saturated with carbonic acid, in any of the common
inodes. During its restoration to a mild state, any barytes tliat

' may remain in excess is precipitated.

o 2
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]:nty of crystallizing readily"*^: it also renders

tlurri niildt, and fit for purposes in \vhicli caus-

tic alkali vMUild be improper’; ;
lienee carbonate

of potass is employed in medicine, and carbonate

of soda for washing* and other domestic uses.

IV hat is ihe chemical name 0/ volatile alkali?

It is called ammonia.

Whdt are the properties of ammonia ?

Ammonia is urinous and caustic ;
but it does

not corrode animal substances like potass or soda.

Its mest simple state is that of gas§. In some

* Carbonate of soda crystallizes very readily, and by proper

management crystals of a large size may be procured. The

potash of commerce is a sub-carbonale, which does not easily

crystallize. However, if this be saturated with carbonic acid,

by artificial means, crystals may readily be produced.

t Caustic soda is so corrosive that it will affect glass vessels

in which it is kept, and render them brittle, like earthenware

half burnt,

+ Carbonate of soda and carbonate of potass are of use in

chemical laboratories as re-agenls, being employed for pur-

poses which could not be effected by the camtic alkalies. Thus

the tw*t) fixed alkaline carbonates will precipitate barytes, stron-

tian, lime, magnesia, manganese, and iron, from their solu-

tions bv means of double affinity. But when these re-agents

are employed to precipitate either of the three latter substances,

if too much be used the precipitate will be re-dissolved some

nicety therefore is requisite in separating magnesia, manganese,

and iron, li om their solutions by this means.

§
Ammoniacnl gas is lighter than atmospheric • air, in the

proportion of 3 tb 5: and, like it, is elastic and invisible
;
but

U causes the death of animals that are obliged to breathe it.
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of its combinations it is so extremely volatile,

that it will bear no degree of heat without being

dissipated
|j.

As this allali is a gaseous substance,' how has it

ever been applied in the arts ?

Ammonia has an alfmity for waters, with

which it readily combines, and forms liquid am-

monia
;

in which state it is g-enerallyused* *.

What is the composition of ammonia ?

Ammonia is a compound of hydrogen and ni*

trog’en, in the proportion of about two parts of

the former, and eight of the latterf.

II
Ammonia has another peculiar property, that of reducing

the oxides of metals to a metallic state. Ammonia being

composed of hydrogen and nitrogen, the hydrogen seizes the

oxygen from the metal and forms Wc}ter, while the nitrogen

escapes in a gaseous form. Some metals are oxidized and dis-

solved by liquid ammonia.

^ Water is incapable of dissolving either hydrogen or ni-

trogen, and yet when these are united in ammonia their nature

is so changed that they become very soluble in water.

* J t is owing to the levity of ammonia, that water becomes

specifically lighter in proportion to tiie quantity of gas it con-

tains. Next to hydrogcti, ammonia is the lightest gas we are

acquainted with. A cuoic inch of it weighs only 0.2/ parts of

a grain, while atmo.spheric air weighs 0.46.

f One thousand parts of ammonia qonsist of 80/ parts of

nitrogen, and I 93 parts of hydiogen. This is the re.sult of ex-

Ijcrirncnt
j
we have therefore an accurate knowledge of the

composition of this alkali.

By the following process ammonia may be formed, so as to

become evident to the senses in a short time. Tyke some
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Is this alkali capaUe of being decomposed ?

Yes : ammonia may be decomposed by the

electric spark. Oxygen gas will also decompose

it bv the assistance of Iie^it—and nitrous acid and

water will’ be theresult**. If passed over red-hot

charcoal;, it will combine with part of the char-

coal and form prussic acid.

filings of tin or zinc, pour on them some moderately dilute

nitrous acid. After a short time stir into the mixture some

quick-lime, or caustic alkali, and a very strong pungent smell

of ammonia will be produced. For the rationale of this ex-

periment consult Dr. Rees’s New Cyclopaedia, article Ammonia.

See also Higgins on Ammonia, and a curious paper by Dr.

Milner in the Philosophical Trans, vol. Ixxix. 300.

* Dr. Priestley was the first chemist who decomposed am-

moniacal gas
;
but I believe Rerthollet was the first who proved

its composition by synthesis as well as analysis.

The decomposition of ammonia may be shown by the fol-

lowing experiment : Fill four-fifths of a long glass tube with

strong oxygenized muriatic acid, and the remaining fiftli with

water strongly impregnated with ammonia, and invert it in a

saucer of water. When the tube is inverted, the ammonia,

on account of its lightness, will pass through the oxygenized

muriatic acid
j
but by its passing a strong effervescence is pro-

duced, and a decomposition ensues. When the effervescence

has ceased, a portion of nitrogen gas will be found in the tube.

In this experiment the oxygen of the oxygenized muriatic

acid combines with the hydrogen of the ammonia, and foims

water
j
while the other component part ot the ammonia, ni-

trogen, becomes disengaged 'in the form of gas. When the

oxygenized muriatic acid is thus reduced to common muriatic

acid, it unites with another part of the ammonia, and forms

with it muriate of ammonia. I believe this experiment was

first shown by hir. Davy, at the Royal Institution.
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Jlovj is ammonia procured!'

All animal and vegetable substances will fur-

nish ammonia when in a state of putrefaction *|*

;

this alkali is, however, generally procured in

Eng'land by a dry distillation of bones, horns, and

other animal substanees

f As the quantity of ammonia obtained fi'om different sub-

stances corresponds with the quantity of nitrogen which they

contain,t and knowing that ammonia is one of the products ot

putreiaction, it has occurred to me that a manufacture of vola-

tile alkali might be established with advantage on any part of the

coast where herrijogs, pilchards, &c,, arrive in such shoals as

to be employed in manure for 'land. Besides, as fish bones

contain more phosphoric acid than those of quadrupeds, the

bones might be advantageously employed afterwards Iii tlr,e

manufacture of phosphorus, &c,

\ Ammonia is also found in mineral waters. According to

Dr, Austin, ammonia is formed whenever iron rusts in water

which has a free communication with the air. Phil. Trans,

vol. Ixxviii. 379'

For chemical experiments aromonjacal gas may be procured

thus:—Mix ^one part of powdered sal aminpifitic with two

parts of powdered quick-lime in a retort, and apply the heat

of a lamp, which will di.sengage the gas in abundance. On

account of its affinity for water, this gas must be received over

mercury.

Ammoniacal gas may be procured also by heating strong

liquid ammonia, and collecting the gas as before.

Muriatic or acetic acid are the usual tests employed to dis-

cover the presence of ammonia,' If either of these be held

over any thing evolving ammonia, white fumes will appear,

which are owing to the ammonia uniting with the acid, and

forming a visible cloud, which is a true neutral salt in vaponr.
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What are the uses of ammonia ?

In a liquid state ammonia has various uses in

our manufactories and in medicine; it is a

valuable re-agent to the chemist; and when

combined with carbonic acid it takes a concrete

form and a beautiful white colour, being then

the article known in commerce by the name of

volatile salts f

.

Are there any other
;|;

uses to which ammonia is

applied ?

Ammonia is serviceable in dyeing, and in
>

I

* Ammonia is of use in making archil, an article in great

demand with dyers. A Florentine merchant about the year

1300, having accidentally observed that urine, which contains

ammonia, imparted a very fine colour to a certain species of

moss, he made experiments, and learned to prepare archil.

Berthollet.

It is said that this alkali will give to 7uw brandy all the

qualities of that of the oldest date. The method consists in

pouring five or six drops of aqua-ammonia into each bottle of

brandy, and shaking it well, that it may combine with (he

acid, on which the taste atid other qualities of the new liquor

depend. Bib. Phys. Econ.

f When ammoniacal gas is passed into carbonic acid gas, the

two gases become condensed, and a crystallization of carbonate

of ammonia, in silky fibies or fine powder, takes place upon

the internal surface of the vessel. This is a beautiful experi-

mentj but it must be made over mercury, and not upon water,

as water would absorb the ammoniacal gas.

J It has lately been discovered that ammonia is useful in

vegetation. See Dr. Darwin’s Treatise on Agriculture and

Gardening.

Muriate ofammonia has been found native in the neighbour-
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staining ivory ; but its principal use is in mak-

ing the muriate of ammonia, of which it is the

basis.

How is ammonia formed into muriate of am-

monia P

Muriate of ammonia is formed by combining

ammonia with muriatic acid. It is known in

commerce by tlie name of sal-ammoniac^.

hood of volcanos, in some of the mountains of Tartary and

Thibet, and in the waters of some lakes in Tuscany.

§ In this country liquid carbonate of ammonia is .saturated

with sulphuric acid, which forms sulphate of ammonia. This

is decomposed by muriate of soda, from which result muriate

of ammonia and sulphate of soda. The former is sublimed into

cakes, and the latter ciT§tallized for Glauber’s salt<

In France a very considerable manufactory of sal-ammoniac

was established a few years ago, on a plan very different to the

usual practice. Leblanc de Franciade was the author of tlie>

process. He covered the brick floor of an oven heated to red->

ness, with common salt, and poured thereon sulphuric acid.

The muriatic acid gas which arose was conducted by a brick

gutter into a large leaden chamber, where it met with a stream

of ammoniacal gas, conducted thither from animal matters

burning at the same time in three iron cylinders, placed in a

furnace beside the former. 1 hese gases condensed by mixture,

whicli was hastened by an eolipile heated by the same furnace,

A full account of the process may be seen in Annales de Chimie,

tom. xix. OJ : it will, however, be belter understood by ex-

amining a drawing of the apparatus in one of the volumes

of the Journal de Physique; but not having at present access

to that work, 1 cannot point <jut the volume in which it may
be seen.

Sal-ammoniac is very profitably formed in France also by the
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Muriate of ammonia being formed hy two gase^

oii^ substances, how does it acquire solidity ?

It may appear surprising that the union of

two gases should produce a hard ponderous

body ;
but this may be attributed to their loss

of caloric. The bases of these gases having a

greater affinity for each other than they have

for caloric, they combine intimately whenever

they come in contact; and the compound

having less occasion for caloric than the separate

ingredients, the caloric is given out, and a solid

isproduced* *.

What arc the uses of sal-amvioniac ?

Sal-ammoniac is used in many of our manufac^

tories, particularly by dyers, to give a brightness

distillation of animal substances, and mixing the aqueous pro-

duct with the mother-waters of the saline springs ofLa Meurth,

Mount Blanc, &c., whidi contain muriate of lime and muriate

of magnesia. By this mixture a double decomposition takes

place
}
and tlie carbonates of lime and magnesia, being insoluble,

precipitate, while the muriate of ammonia remains dissolved.

The latter solution is then evaporated to dryness, and the salt

sublimed for sale. See Annales de Chimie, tom. xx. 1 8(5.

* This mixture may be considered ope of the most striking

chemical combinations with which we are acquainted. Am-

moniacal gas, and muriatic acid gas, are two ot the most pun-

gent and volatile substances known ;
they are so volatile and

gaseous, that when in a state of purity neither of them can bq

condensed ;
and yet these gases are no sooner thrown together

than they form a solid and inodorous substance, void oi volar

tility, and pf little taste.
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to certain colours f; also by braziers^ tinplate-

workers^ and others; and in medicine.

From 'Whence ivas sal-ammoniac procured before

it zvas made in this country P

Sal-ammoniac was formerly brought from

Eg-ypt suflicient for the supply of all Europe

but it is now made in various parts of Great

Britain, particularly in Scotland, where it is

formed by a peculiar process from soot.

Is ammonia capable of entering into any other

combinations ?

Yes ; ammonia is capable of forming salts with

most if not all of the acids§.

f Sal-ammoniac is used also by dyers in what tliey call

composition
3

it is employed to prevent the tin from precipi-

tating-. In tinning metals it is of use to cleanse the surfaces, and

to prevent them from oxidizing by the heat which is given to

them in the operation. This salt is employed also in the assay

of metals, to discover the presence of iron.

% Sal-ammoniac acquired its name from the Temple of Ju-

piter Ammon, it being first made in the neighbourhood of that

temple. According to Pliny, there were large inns in the vi-

cinity of this famous temple, where the pilgrims, who came

to worship, lodged
j

and who usually travelled on camels.

The proprietors of these stables had some contrivance for pre-

serving and concentrating the urine of these beasts, and the

salts which it produced were afterwards sublimed in glass

vessels for sale. Pliny, lib. xxxi. c. 7.

§ If ammoniaral gas be brought in contact with either of the

acid gases, both lose their aeriform appearance, and a solid salt

is produced. These salts are called ammoniacal salts. For au

account of their properties consult the chapter on Salts.
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Can you rccapUnlale the origin of the different

alkalies P

Yes : the volatile alkali is procured from bones

and other animal matters; the potass or vege-

table alkali from the ashes of weeds and burnt

wood; and the soda or mineral alkali from the

ashes of some marine plants, also from sea-salt

or muriate of soda*'.

What is the natural inferencefrom a considera-

tion of the nature and production of the alkalies P

The reflection which naturally arises from a

consideration of this subject, is, that the pristine

* Soda may readily be procured from muriate of soda, com-

mon salt, by methods alluded to, page 184. As the act of

parliament which imposes the tax upon salt, allows it to be

rrsed duty free for the separation of mineral alkali, to be con-

sumed in making glass, a manufacture of soda has within these

few years teen established for that purpose at Wormbridge,

near Wellington, in the county of Salop. I understand that

at this place considerable quantities of martial pyrites are found

intermixed with coal, and that the sulphuric acid obtained from

this mineral is used in the decomposition. I have found by

experiment, that if muriate of, soda can be converted by any

means to a sulphate, carbonaceous matter alone will finish tlie

decomposition.

N^ar the towns of Wednesbury in Staffordshire, and Dudley

in Worcestershire, there are masses of coal on fire, which

have been burning for ages, owing probably to the decompo-

sition of pyrites. / In some cases, where the sulphurous vapour

meets with' aluminous earth, alum is formed upon tlie surface.

An account of these subterranean fires may be seen in Plot’s

History of Staffordshire. We read also of a combustible ground of

piis kind, near Baku in Persia, where the foUowers of Zoroaster
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organization of matter, wherebj the effete recre-

inentitious parts of animals and vegetables are

made capable of producing useful and pow'er-

ful substances, evinces, that infinite Power and

Wisdom, conjoined with consummate Benefi-

cence, can effect the most important changes, bj

the most unlikely agents ; and can convert to

valuable, purposes, substances which to us appear

totally useless and inert f.

perform their devotions. The carburetled hydrogen gas that

arises from this ground is so abundant, that the priests have con-

ducted it by hollow canes into one of their temples, where it

burns continually, and is looked upon to be “ the sacred flame

of universal fire.”

f This truth is beautifully illustrated by Dr. Darwin, in the

following lines :

—

" Organic forms with chemic changes strive.

Live but to die, and die but to revive
j

Immortal matter braves the transient storm.

Mounts from the wreck, unchanging, but in form.”
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OF ACIDS.

JVhat is an acid* ?

Most of the acids are substances wliich pro-

duce that sensation on the tongue which we call

^our f ; but some substances are classed with the

acids which have not this characteristic—though

they possess some of the other properties of acids.

What arc the iwo'pcrties of acids ?

Acids;]; change the blue juices of vegetables to

* The acids differ from each other in their appearance and

properties as much as any class of bodies we are acquainted

with: it is therefore difficult to give a definition of an acid.

In general they are liquids, but some of them take a solid,

and others a gaseous form; sbnae are mild, others corro-

sive ;
some are pungent and volatile, others are mixed and in-

odorous.

-)- According to Fourcroy, the stronger the attraction of

oxygen for the acidifiable radical, the xveaker is the taste of

the acid : this shows that the corrosive quality of the stronger

acids is owing to the easy separation of this principle, and its

more or less rapid transmission to animal substances.

I It is desirable as soon as possible to give the chemical

student correct ideas of the properties of the acids and alkalies.
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red," snd combine witb filkcilics^j esCths, oi me-

tallic oxides
1],

so as to form those compounds

called salts.

What is the origin of acids?

Most of the acids owe their origin to the

combination of certain substances with oxy-

gen f, which has been called the acidifying

principle.

To this end^ let him be early instructed in the use of che-

mical tests. If he be accustomed to cany a few test papers

in his pocket-book, it will be a very rational amusement to tiy

the succulent vegetables which he will meet with in his walks,

many of which will be found to contain acids of different

kinds. The hope of making an important discovery will fur-

nish an additional zest to this employment. Litmus paper is

a good test for acids; and the same paper when reddened

by vinegar, and afterwards dried, is a proper test for alkalies.

Should litmus not be at hand, common writing paper rub-

bed over with the rind of the radish will answer every

purpose.

§ All those substances which can saturate the alkalies, and

cause their properties to disappear, ought to be classed among

acids. This I understand is one of Mr. Hume’s arguments to

prove that silex ought not to be ranked among the earths.

(I
The acids have an affinity for the earths, alkalies, and

metallic oxides
;
hence they are of great use as re-agents.

^ The substances which are combined with oxygen to form

acids are (in all the decomposable acids) combustible substances.

Indeed several of the acids are the product of combustion: wit-

ness the sulphuric, the phosphoric, &c.

Four of the metals, and all the other simple Combustibles,

except hydrogen, are convertible into acids. All bodies, to

which the properties of an acid have been ascribed, are eitlur
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How is it known that oxygen imparts acidily ?

This is built upon analogy; for it is found that

most of the acids contain oxygen, and that they

lose their acidity exactly in proportion to the

quantity of oxygen which is taken fromthem**.

Are there any other means of ascertaining this ?

Yes: some acids may be decomposed and de-

prived of tlieir oxygen, and others may be formed

by a direct combination of oxygen with certain

radicals f

.

combustibles, supporters of combustion, or may be produced

by the process of combustion.

It is proper to remark that some of the acids are the produc-

tions of art, and are not known to exist in nature. This is the

case with the mucous, the suberic, tlie oxygenized muriatic,

&rc.

* Many of the acids may be decomposed, and deprived of

their oxygen, by combustible bodies. Any combustible body,

that has a greater affinity for oxygen than oxygen has for tlie

radical of the acid, will decompose that acid. Charcoal, when

made red-hot, will in this way decompose sulphuric acid. By

the disengaged oxygen of the acid the combustible burns
;

so

that, in the language of the French chemists, the acid may be

said to be unhurnt, and brought back to the state of a combusti-

ble body.

f This is shown by the composition of sulphuric acid, which

may be formed with very little trouble in the following man-

ner: Have ready a small cup with a little powdered sulphur in

it, a jar of oxygen gas containing some water, and a red-hot

iron wire. Place the cup to swim on the water, then set lire

to the sulphur, with the wire, and instantly cover the jar.

I'he sulphur will burn with great rapidity, and will be eiidrely

converted into sulphuric acid, which may be conecut rated by
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Do the same radicals always combine with an

equal portion of oxygen?

No : some acidifiable radicals combine with

different proportions of oxygen, producing dif-

ferent states of acidity

How do chemists distinguish this difference ?

M'lien two acids have the same radical, but
contain diflercnt quantities of oxygen, they are

distinguislied by their termination §. The name
of that which contains most oxygen ends in .^.c.

evaporating the superfluous water. In this process tlie sulphur
and oxygen unite, and the heat and light, which are unneces-
sary in tlie new compound, are evolved, and become sensible to
our feelings; and the result is a new substance widely differ-

ent from either, viz, sulphuric acid. The use of the water
is to absorb the gas, and render it liquid. If oxygen gas be
not at hand, the experiment will answer in common air, if the
sulphur be mixed with -ith of its weight of dried nitre.

t The first portion of oxygen converts some bodies into
oxides; the second, into that class of acids of which the spe-
cific names drawn from their particular bases terminate in oiis,

as the sulphurous acid|; the third degree of oxygenizement
changes some of these into that division of acids which are di-
stinguished by the termination in ic, as the sulphuric acid; and
lastly, we can express a fourth degree of oxygenizement by
adding the word oxy^renized to the name of the acid, as oxy-
genized muriatic acid.

§ It is necessar)' to remark that this mode of distinguishing
the doses of oxygen in acids is restricted to that class °of acids
which 18 formed by the combination of one siipple combustible
wiUi oxygen, and does not apply to those acids' which are
formed with comixmnd radicals and oxygen,

V
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the other in ous. Thus we say sulphuric acid,

and sulphurous acid
;
phosphoric acid, and phos-

phorous acid.

Hazx acids ever amj other degree of acidity ?

We have attempted to supersaturate several of

the acids with oxygen, but have succeeded only

in one instance

Which of the acids has been thus supersaturated

with oxygen ?

The muriatic acid, forming with two different

portions of oxygen, two other distinct acids,

called oxygenized muriatic acidf, and hyper-

oxygenized muriatic acid f
What substances are capable of being acidified by

oxygen ?

The mineral, the vegetable, and the animal

Ivingdoms, all furnish bases or radicals, which be-

come acid by their union with oxygen §.

* The world is indebted to Scheele for the discovery of this

combination of oxygen with an acid. He named it the dephlo-

gisticated marine acid} supposing that it was formed by de-

priving common muriatic acid of its phlogiston.

\ Though this compound has hitherto been classed among

acids by chemists, it possesses few properties which characte-

rize that class of bodies. Iis taste is not acid, but astringent;

it does not convert vegetable blues to red, but destroys them, .

and combines very sparingly with water.

+ For an account of the properties of this acid see the

chapter of Salts, article hyper-oxijgenhed muriates.

§ The mineral acids are generally formed with a peculiar-

base and oxygen ;
the vegetable acids, with carbon, hydrogen, ,

)
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Do all the acids owe their acidity to the presence

of oxygen P

The greater number of the acids are evidently

indebted to oxygen for their acidity, but there

are substances that possess acid properties which

contain no oxygen ||. There are also three acids

whose composition is unknown

How mx the acids classed by chemists ?

The acids were formerly divided into three

classes, viz. the mineral, the vegetable, and the

animal acids
; but the more useful and scientific

way of dividing the acids is into two classes

only.

and oxygen; while the animal acids are composed of the same

substances united with nitrogen.

Some of the mineral acids are decomposable by charcoal

heated to redness. Some of the vegetable acids are also de-

composed, and reduced into water and carbonic acid, by leaving

them in an exposed situation to tlie action of their own princi-

ples: others may be changed into different acids, by imparting

or abstracting a portion of oxygen.

The animal acids are of all others the most liable to decom-

position, In an elevated temperature the carbon and oxygen

unite to form carbonic acid, and the hydrogen and nitrogen

produce volatile alkali,

II
Sulphuretted hydrogen has all the properties of an acid

without oxygen. And it has not yet been proved that prussic

acid contains any oxygen.

^ Those acids, whose bases are still unknown, are the muria-

tic, tile fluoric, and the boracic.

p 2
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Hoti' are the acids now divided * ?

The iindecomposable acids, and the acids which

are formed with two principles, are comprised in

the first class
; while those acids which are form-

eel with more than two principles compose the^

second class f

.

Can you enumerate the acids of thefirst class P

The sulphuric and sulphurous acids; the mu-

riatic and oxygenized muriatic acids; the nitric,

the carbonic, the phosphoric and phosphorous,

the fluoric, the boracic, the arsenic, the tungstic,

the inolybdic, and the chromic acids.

Enumerate the acids of the second class.

The acetic, the oxalic, the tartaric, the citric.

* Those acids of the first class, which are formed with two

principles only, are composed of oxygen and some other sub-

stance which is called their radical. The acids ot the second

class are composed chiefly of oxygen, hydrogen, and carbon

;

though some of tliem contain nitrogen, as mentioned in a for-

mer note.

f Fourcroy in his last work, entitled “Philosophie Chimique,”

divides the acids into four classes: 1st, those with known ra-

dicals
j
2d, unknown ditto

j
3d, single ditto; 4th, compound

ditto : but I conceive that the above division is better, calculated

for an elementary treatise.

In the first class we have^lso the hyperoxygenized muriatic

acid
3
but as this acid has never been exhibited in a separate

statej Its properties are very little known. In the second class

we have also the mellitic acid ;
but as this acid has been found

only in a very rare mineral, its properties are likewise very lit-

tle known.
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the malic, the lactic, the gallic, tlie mucous, the

bchzoic, the succinic, the camphoric, the suberic,

the laccic, the prussic, the sebacic, the uric, and

the amniotic acids.

IVhat is the sulphvjijc acid ?

The sulphuric acid is a combination of sul-

phur and oxygen;};. It is commonly called oil

of vitriol §.

How is die sulphuric acid obtained?

Sulphuric acid is procured by burning sulphur

in contact with oxygen; by w'hich process the

sulphur combines w ith the oxygen, and becomes

acidified
j}.

+ One hundred parts of pure solid sulphuric acid have been

Siiid to consist of 72 parts of sulphur and '28 of oxygen
j
but,

according to some late experiments of Mr. Cheiievix, it is com-

posed of 61.5 sulphur and 38.5 oxygen.

§ This acid was formerly drawn from green vitriol (sulphate

of iron) : hence its name. It has been remarked that the old

name oil conveys an erroneous idea of the composition of this

acid, and that on this account it ought to be entirely dropped.

Oil is a compound of carbon and hydrogen
j
but sulphuric acid

contains neither of these substances.

II
The pupil may be satisfied that sulphuric acid is really

produced by the combustion of sulphur, by burning a little

sulphur in a glass jar of oxygen gas inverted over water, as

directed, page 208. He may see that sulphuric acid has ac-

tually been formed by adding a few drops of a solution of mu-

rjate of barytes to the water, fi out which it will precipitate the

barytes,
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If snlplmric acid is nothing more than sulphur

and oxppen, what is it that occasions itsfluiditi/ F

Sulphuric acid, at the instant of its formation,

is in a gaseous state; therefore Ihe manufacturers

find it necessary to condense this gas by means of

water. Hence the sulphuric acid of commerce

is always in a fluid state *.

* In the large manufactories for making sulphuric acid (called

oil of vitriol works) the sulphur is mixed with -^th of its weight

of dried nitre, and burnt in very large leaden chambers, ac-

cording to the plan of Dr. Roebuck, to whom we are indebted

for this process. The design in using the nitre, is to give a

larger quantity of pure oxygen gas than could be afforded by

confined atmospheric air' alone. The floor of the chamber is

covered with water, that the sulphuric acid gas -may be con-

densed as it is formed. An indefinite quantity of water is

poured into the chamber
;
and when the manufacturer finds that

it is become sufficiently acid, this weak acid is drawn off, and

concentrated by boiling. It is then removed to glass retorts,

where it receives a greater heat to drive off a further portion of

the water. It is considered fit for sale when it is brought to

the specific gravity of about 1.845. By keeping it in the re-

torts for a long time, and in a temperature somewhat lower, it

may be concentrated to the specific gravity of 2.000 ;
but it is

never brouglit to this gravity for general sale. A new theory

has lately been given of the formation of sulphuric acid. See

lijcholson’s Journal for May last.

It is possible to render sulphuric acid perfectly transparent

without retorting 3
but such acid is always contaminated with

sulphurous acid and nhrous gas. The heat which it acquires in

the retorts separates these acids, which go oft in combination

willi the water in a gaseous state.
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IVJifit are the properties f of sulphuric acid?

The sulphuric is a very ponderous^ corrosive

acid, deslilute of colour and smell, and has a very

strong acid taste. It has a great attraction for

water §, and, when combined with .the alkalies,

the earths, or the metallic oxides, forms with them

those salts called sulphates [|.

f When sulphur is combined with a smaller portion of oxy-

gen it forms a volatile acid of a penetrating smell, called sulphu-

rous acid; a larger portion of oxygen gives what we call sulphu-

ric acid, which on the contrary is very ponderous and destitute

of smell.

^ Sulphuric acid will sometimes freeze, and endanger the

bursting of the carboys in which it is contained. Whenever

this happens, it is a proof that the manufacturer has not suffi-

ciently concentrated it. If it be brought only to the specific

gravity of about lyso, it will freeze much sooner than water.

Mr. Keir first pointed this out in tire Philosophical Transactions

for 1787-

§ Sulphuric acid has a great affinity to water; they combine

go intimately that the new compound gives out a large portion of

caloric, and becomes very much condensed. Four pounds of

this acid mixed with one pound of water will rai.se the ther-

mometer to 300°.

The sulphuric acid of commerce is never perfectly pure—it

always contains a portion of sulphate of lead and sulphate of pot-

ass. The former comes from a partial dissolution of the lead of

the chamber in which it is made, and tire latter from the nitre

which is always u.sed in the process.

Concentrated sulphuric acid does pot act upon lead unless by

the assistance of heat. It acts slowly upon iron; but if diluted it

dissolves iron with great rapidity. Excepting ircjn and zinc,

most of the metals are insoluble in diluted sulphuric acid.

j|
Sulphuric acid is a good test for barytes ; a single drop
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What is the sulphurous acid ?

T he sulphurous acid^ like the sulphuric, is a

combination of sulphur and oxygen, but with
less oxygen, or, we may say, with more sulphur,

than thelatter* *.

What are the properties of sulphurovs acid?

Sulphurous acid in the gaseous state is invisible

like air, but of a strong suffocating smell f . It

poured into any
, solution of this earth instantly causes a white

precipitate. It is also a good test for lead. I know, however,
of ojie case where this acid cannot detect the presence of ba-

rytes, and that is when sulphuric acid is contaminated with
this earth. IVIr. Hume has shown, that sulphate of barytes is

completely soluble in sulphuric acid. Phil. Mag. vol. xiv. 357,
* Sulphurous acid gas is produced by the slow combustion

of sulphur. If this gas be received in water, the gas combines
\vith it, and sulphurous acid will be the result. Water at 40®

absorbs one third of its weight of sulphurous acid gas.

Sulphurous acid gas may be procured by the following pro-

cess ; Put into a glass retort two parts of sulphuric acid and one
of mercury, and apply the heat of a lamp

; tlie mixture ef-

fervesces, anfl a gas issues from the beak of the retort, which
may be received in glass jars filled with* mercury and standing

in a meicurial trough. In this process the mercury combines

with part of the oxygen of the sulphuric acid; and the sulphu-

ric acid, haying lost a certain pui'tion of its o.\ygen, is con-

verted into sulphurous acid.

Any combustible substance will decompose sulphuric acid,

' by combining with a portion of its oxygen, apd sulphurous

gas will be evolved.

t This gas is very abundant in the environs of volcanos. It

was the vapour of sulphurous acid which suffocated Pliny the

naturalist, in that eruptiop of Vesuvius by whieh Hcrculanepm
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is readily absorbed by water^ and then forms li-

quid sulphurous acid. It is capable of uniting

with various bases, and forms the salts called

sulphites.

What is the muri3.tic acid ?

The muriatic is a peculiar acid obtained from

sea-salt|. It has been supposed that it acquires

was swallowed up in the year of Christ 79 . Anxious to obseive

the effects of the eruption, he staid in the house of a friend too

long, and paid for his temerity with his life.

Sulphurous acid gas is composed of 68 parts sulphur and 32

parts oxygen. Its weight is more than double tljat of atmo-

spheric air.

This gas has been prescribed by physicians in aftections of

the lungs. The liquid acid is administered in asthmas.

Sulphurous acid gas is used by manufacturers in bleaching

silk. A slow combustion of sulphur is promoted in a close

chamber, and the goods are exposed to tire gas as it is produced,

The same process is employed to alter the hue of diiferent

colours. Thus, sijks \vhich are dyed by archil of a dark lilac

are brought to a beautiful flesh-colour by exposure to the fumes

ot this gas. Flesh-coloured silk stockings are coloured in this

way.

Sulphurous acid possesses very slight acid properties. In-

stead of changing vegetable blues to a red, it invariably renders

them white. Thus, if a red rose be held in the fumes of a

brimstone match, the colour will soon begin to change, and at

length the flower will have become white. By the same pro-

cess, fmit-stains or iron-moulds may be removed from linen

or cotton cloths, if the spots be previously moistened with

water.

+ Glauber was tlys first who procured muriatic acid from
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its acid properties from oxygen
; but however

this be, the radical or base of this acid is still

unknown
i

What method is made use of to collect and pre-

serve the muriatic acid f

Muriatic acid is distilled from sea-salt by

means of sulphuric acid, and collected in appro-

priate receivers, where it is condensed in water,

for which it has a powerful afiliiity f

.

sea-salt by means of sulphuric acid
;
but the directions given

by him in the first part of his Treatise on Philosophical Fur-

naces, j 6.51, quarto, page y, are truly ludicrous and absurd.

This acid was known only in a liquid state till Dr. Priestley

taught us how to procure it perfectly pure in a gaseous form.

’ Mr. Chenevix has proposed a new nomenclature for this acid,

and its combinations with oxygen :—he proposes to say

Muriatic radical') /-Muriatic acid,

Muriatous acid > instead oK Oxygenized muriatic acid.

Muriatic acid J (.Hyperoxygenized muriatic acid.

Phil. Trans, vol. xcii. 126.

* Berthollet has published a memoir, in which he endeavours

to prove that this acid is composed of nitrogen, hydrogen and

oxygen. He says that if iron filings moistened witli water be

exposed for some days to the air, they will exhibit evident

traces of the presence of muriatic acid.

Dr. Lambe, an ingenious physician, late of Warwick but now

of this city, is of opinion that sulphuretted hydrogen is the base

of tliis acid. See Manchester Mem. vol. v.

-j- Muriatic acid is disengaged from muriate ofsoda in the state

of gas, by a process similar to that for drawing the nitric acid,

it preserves its gaseous state even in the coldest temperature,

pnless it come ia contact with watery and -if tluown upon ice
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What are the properties of muriatic acid F

Til is acid in the gaseous I state is invisible

like air; has a pungent suffocating smell; and

is not decomposable by art§. With water it

forms the liquid muriatic acid^ which preserves

it melts it in an instant. It is nearly double the spec. gray, of

atmospheric air.

Liquid muriatic acid, or water saturated with this gas, is

about the spec. gray. 'H'*® rnuriatic acid of commerce

varies from about 1 .120 to about 1.1 04.

Bergman says, that 100 parts of muriate of soda contain 52 of

muriatic acid and 6 of water. That tliis statement is erroneous,

any one may satisfy himself of by experiment. I haye fre-

quently tried it in the large way, and could never procure more

than 44 parts of acid and water from 1 00 parts of dried muriate

of soda. In forming muriatic acid, every gallon of water em-

^

ployed, absorbs, according to Murray, 360 gallons of muriatic

acid gas. Tiiis accounts for th& great heat which is evolved

during the operation. -

X Muriatic acid gas may be obtained for chemical experi-

ments, by pouring one part of sulphuric acid upon two parts

of dry muriate of soda in a tubulated retort, and collecting tlie

g4s, as it becomes disengaged, over mercury in a pneumatic

apparatus. This gas may also be collected by heating the mu-
riatic acid of commerce in a glass retort.

Retorts are not always of glass
j

they are sometimes made
of stone-ware, or iron. They are of various sizes, from eight

ounces to eight or nine galla.is. The best stone-ware retorts

are made by Messrs. Wedgwood and Byerley. Glass ones may
be had at the large glass warehouses in London, and elsewhere.

A great variety of all kinds for experiments are sold by Messrs.

I^niglits, in Foster-lane, Choapside.

§ Sulphuric, phosphoric, nitric, and other acids, may be de-
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the smell of the gas, and gives out white fumes

when exposed to the atmosphere. This acid is

much eraploj^ed in the arts*, and in chemical la-

boratories. With various bases it forms the salts

called viuriales f

.

t

composed by charcoal: muriatic acid is unalterable by any of

the combustibles with which we are acquainted.

Muriatic acid will decompose the carbonates, the phosphates,

and most other salts
j
but it is itself generally expelled in its

turn by the sulphuric acid.

* Muriatic acid is the best test for silver. If a single drop

be poured into any solution containing this metal, a copious

precipitate will immediately follow, owitig to the affinity of

this acid for silver, and the insolubility of muriate of silver.

•f
Muriatic acid attacks oxide of iron with more rapidity than

tlie sulphuric. It dissolves tin and lead. At a boiling heat it

oxidizes copper.

Muriatic acid removes the stains of common ink, but it

does not affect printers-ink. It is therefore recommended for

cleaning old books and prints. Half an ounce of red-lead being

added to three ounces of common ffiuriatic acid, will render

it fit for this use. Where writings have been effaced for frau-

dulent purposes with this acid, salphuret of ammonia and prus-

siate of potash will revive the writing, and discover the artifice.

Very old writing may be revived in this way. If indigo and

fxide of manganese be added to common ink, it will prevent

its being effaced by oxygenized muriatic acid.

The citric acid is proper for reipoving ink stains from linen,

but they are best removed when fecent. It they remain long

on the cloth, the iron of the ink acquires that degree of

oxklizement which renders it insl|duble in acids. When ink

stains are thus become what are called iron-moulds, they may

be removed by oxalic acid, or by 'first washing tliem with a

solution of sulphurct of potash to aosorb tire oxygen, and then

ai)plying the pcid of lemon as usual.!
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JVhat is the oxygenized muriatic acid?

The oxv2:enized muriatic acid is formed with

muriatic acid and oxygen;]].. It is known in the

gaseous state, and in combination with water

;

ill the latter form it is commonly used in the

arts.

+ OKygenized muriatic acid is composed of 84 parts mu-

riatic acid and l6 oxygen. The hyperoxygenized acid is formed

with 35 parts acid and 65 oxygen. Mr. Chenevix. Phil.

Trans. 1802.

Muriatic acid has a great aflSnity for oxygen. When fully

oxygenized it seems to have lost several of its acid properties,

as it is incapable even of expelling carbonic acid from alkalies or

lime, except iii its nascent state. If oxygenized muriatic acid

be exposed to light, the light combines with part of the oxygen,

and the oxygenized muriatic acid is then converted into com-

mon muriatic acid.

The effect of giving a dose of oxygen to this acid is quite

the reverse of the acid of sulphur, it being rendered more

volatile thereby, and of a very penetrating smell
j
whereas the,

addition of oxygen to sulphurous acid gives it more density, and

renders it quite inodorous. The combination of oxygen gives

a greenish yellow colour to this gas. Common muriatic acid

gas is invisible.

This gas may be obtained for chemical experiments by the

following method : Put into a retort a little black oxide of

manganese in powder
j
and pour upon this double its weight of

strong muriatic acid, connect the retort with the pneumatic

trough, and receive the gas over water. When the ascension

of the gas slackens, apply the heat of a lamp, and it will be

disengaged in abundance.

If a small quantity of liquid oxygenized muriatic acid be

wanted for experiment, it may readily be formed by dissolving

4
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What are the properties of oxygenized muriatic

acid ?

The oxygenized muriatic acid gas is so suf-

focating, that it cannot be breathed without

greatinjury* *; yet it will support combustion.

This acid discharges vegetable colours f; it ox-

a few grains of oxygenized muriate of potass, and adding the

solution to an ounce of common muriatic acid.

The variolous poison will not take effect when mixed with

oxygenized muriatic acid. Hence Fourcroy imagines that this

acid would prevent the effects of hydrophobia. See his paper

on oxygen in Annales de Chimie.

Accounts have, been received from Spain, that in tlie midst

of the dreadful contagion which reigned in that country, the

inhabitants of tho.se houses where fumigations of oxygenized

muriatic acid were used, had no attacks of tlie sickness, and

enjoyed the best health.

* The death of the ingenious and indefatigable Pelletier was

occasioned by his attempting to respire this gas. A consump-

tion was the consequence, which in a short time proved fatal.

^ A cids change blue vegetable colours to red
5

this makes

them white, by imparting its oxygen, and is itself changed

thereby to common muriatic acid.

The great use of oxygenized muriatic acid is in bleaching.

The colouring principles of vegetables have a great affinity for

oxygen
5

they therefore absorb oxygen from this acid, and

after this absorption become soluble in alkalies. On this prin-

ciple the modern practice of bleaching is founded. The manu-

facturer might derive considerable advantage from the pcnisal

of Mr. Rupp's paper on the use of this acid, in the fifth volume

of the Memoirs of the Manchester Society. See also Charmes

on Bleaching, 8vo. ; Robinsons, C. Potel of the Aca-

demy of Dijon has shown that the fears of those who suppose
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idizes all the metals|, and is the only acid that

will dissolve^^gold and platina§. With various

bases it forms salts, called hjperoxygenized mu-

riates.

this process burns the cloth are groundless; and that, if the

opei'ation be performed by a careful workman, it improves the

texture of the cloth instead of injuring it. Phil, Mag. vol. xiv.

t It oxidizes all metals without die assistance of heat. Me«

tabs beaten into thin leaves, or reduced to powder, inflame

when thrown into a vessel filled with this gas, provided the

temperature be not lower than about /0°, and present a kind of

shower of fire. The following is a pleasing and instructive

example

:

Prepare a jar of oxygenized muriatic gas, and suspend in it

a piece of Dutch metal, or copper-foil ; it will inflame imme-

diately, and the combustion will continue till the whole is con-

sumed, affording a very striking spectacle. As tlie metal com-

bines with the oxygen, the acid dissolves it, and thereby acquires

a green colour. This will subside in the jar, and form a sub-

stance exactly similar to the native muriate of copper brought

from Peru. The experiment affords an example of the oxi-

dizement of metals, and of the affinity which acids have for

metallic oxides.

§ Kitro-muriatic acid will dissolve gold; but this is owing

to the muriatic acid having acquired oxygen from the nitric,

sufficient to convert it to oxygenized muriatic acid.

Mr. Humboldt has found that seeds which do not commonly

germinate in our climates, or in our hot-houses, and which of

course we cannot raise for our gardens, or hope to naturalize in

our fields, become capable of germinating when immersed for

some days in a weak oxygenized muriatic acid. This interest-

ing discovery has already been turned to advantage in several

botanic gardens.
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What is NITRIC acid ?

Nitric acid is one of the constituent parts of

nitre, or salt-petre*. It is a composition of

oxygen and nitrogen f, in the proportion of

about 25 parts by weight of the latter, to about

75 of the former j;.

Ilo-w is nitric acid ohtained ?

Nitric acid is obtained by distilling two parts

of nitre and one part of sulphuric acid in a glass

* Nitric acid was known to Eaymond Lully in the thirteenth

century but it was Mr. Cavendish who discovered its com-

ponent parts, in the year 1785. See his paper in the Philoso-

phical Transactions for that year.

f If a proper mixture of these gases be made in a glass tube,

and a number of electric explosions passed through the mix-

ture, tlie gases will unite, and nitiic acid will be the product.

As nitric acid is formed of the same substances with atmo-

spheric air, we have no difBculty in accounting for the natural

production of saltpetre.

+ These proportions were ascertained by Mr. Davy.

It is
,
curious that the substances which compose atmo-

spheric air, so necessary to our existence, should, in different

proportions, produce also one of the most' corrosive acids.

22 parts of oxygen, with 1 ^ ...
78 of nitrSgen, /

asraosphenc air.

^

100

75 parts of oxygen, with \ form nitrous acid, or aqua-
25 of nitrogen, J fords.

100

Should the evidence, already adduced, not be sufficient to

convince us of the infinite comprehension of the Divine mind,

such facts as these are surely irresistible^ None but Deity

could have had a conception how such difiVrenl subsUmces

could have been produced from the same principles.
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retort, and collecting the gas in proffer receivers^.

This acid, which at first contains nitrous gas, is

in a great measure deprived of iti and rendered

transparent and colourless- by the application of

heat in a subsequent process^

JV7iat are the ‘properties of nitric acid ?

Nitric acid is clear and colourless, like water;

its smell is acrid, its taste exceedingly acid, and

its action on animal substances very corrosive.

It has the property of permanently staining the

skin yellow. It has a great affinity for waterlj;

is capable of oxidizing most of the metals H, and

with various bases forms the salts called nitrates.

TVhdt constitutes the add of commerce, called

NITROUS acid f
r

Nitrous acid is nothing more than nitric acid*

§ The manufactories of this acid are commonly called aqua-

fortis works. The acid is drawn of different streugihs, from

1.125 to 1.460, according to the purposes for which it is de-

signed. It is used in dyeing, in refining gold, in medicine, &c.

&c. From the slight union of its constituent parts, this acid Is

very prone to decomposition
j
hence the violence of its action

in many cases.

(I
It appears very singular that nitrate of barytes, which is

so soluble in water, is perfectly insoluble in nitric acid. This

was first noticed by Mr. Hume. See his observations on

barytes, in the 14 th vol. of the Philosophical Magazine:

% If nitric acid be poured on iron filings, the acid will in

part be decomposed
j

its oxygen will render the metal soluble,

and the nitrous gas will be thrown out in copious red fumes.

* It was formerly supposed that this acid diflfers from nitric
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impregnated with variable portions of nitrous

gas*.

, What are the properties of nitrous acid P

Nitrous acid is very similar to nitric acid in its

propertiesf ;
but its colour varies according to

the proportions of nitrous gas wbicli it has ab-

sorbed, and the water which it contains^.

acid in this—that it contains Jess oxygen : hence it was called,

agreeably to the new nomenclature, nitrous acid
;

but it is

now found that this is not the case : it is merely nitric acid co-

loured by nitrous gas, or nitric oxide. For a further account

of tliis gas, see chap. xi. ,

Dr. Priestley having separated nitrous gas from nitric

acid, by means of iron, received the gas under ah inverted ves-

sel filled with water, and found it a transparent colourless gas,

resembling airj whence it appears that it is red or coloured,

only when combined with atmospheric air. To Dr. Priestley

we owe the discovery, that nitrous gas is converted into nitrous

acid by its union with oxygen and water. See Priestley on Air.

On the principle that oxygen gas is necessary to convert

•nitrous gas to nitrous acid. Dr. Priestley invented his eudiometer,

to discover the degi-ee of purity of atmospheric air,

y Nitrous acid is generally used for purposes of manufacture

and experiment. The nitric acid is principally employed in

medicine. Two parts of either nitroui or nitric acid, and one

of muriatic acid, form aqua-regia, or njtro-muriatic acid, the

true solvent of gold. It is curious that aqua regia has less spo-

cific gravity than either of the acids fi’om which it is composed.

y The changes which take place on the addition of water to

strong nitrous acid exhibit very curious phsenomena. Different

portions change its colour to a blue, a green, a yellow,

while the vapours which rise from it preserve their or\g\«A

flame-coloured red.
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What is CARBONIC acid?

Carbonic acid§ is a combination of carbon

and o.\vgeii. It was formerly called fixed aiiy

on account of its being* found in chalky lime-

stone
||,

magnesia^ &c.

What are the properties of carhoidc acid ?

Carbonic acid is invisible when in the state

of gas, and unfit for combustion^, or respira-

tion*. Water, by pressure, may be made to ab-

sorb three times its bulk of this gas ; by which it

§ It is to Dr. Black we owe the discovery of carbonic acid

§as. Mr. Keir was the first who suspected it to be an acid
j

and Dr. Priestley afterwards announced that this gas entered'

into the composition of atmospheric air.

j|
Carbonic acid is composed of 13 parts carbon and 82 oxy-

gen
}
which has been ascertained by analysis as well as synthesis.

Mr. Tennant was the first who decomposed this acid. This

he effected, b)' the following means: He burnt phosphorus

in a close vessel, in which was a portion of carbonate of

soda. The phosphorus absorbecj the oxygen from the carbonic

acid, and the carbon was separated in the form of a black

powder.

^ If this gas be poured from a wide-mouthed jar upon a

lighted candle, it will be as effectually extinguished as by water.

Its superior gravity to atmospheric air, and its unfitness for

supporting combustion, may also be shown by pouring a com-

mon glass full of this gas into another tall glass, containing a

short taper burning within it.

* Fourcroy says, this gas, largely diluted with atmospheric

air, may be inhaled without danger, by patients who have sym-

ptoms of ulceration, or inflammation of the lungs ;
and that it

will either cure these complaints, or retard their destructive

effects.

Q 2
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acquires an agreeable acidulous taste*. Car-

bonic acid enters into combination with the alka-

lies, w'ith earths, and metallic oxides ; and forms

with them those salts called carbonates^.

Whal is PHOSPHORIC acid ?

Phosphoric acid is a compound of oxygen and

a peculiar substance called phosphorus^.

How is phosphoric acid procured ?

Formerly phosphoric acid was procured only

by burning the phosphorus obtained from urine

in oxygen gas; but, since it is known that this

acid is a component part of animal bones§„ we

now procure it at a much cheaper rate.

* Carbonic acid gas is found in abundance in many natural

waters. Those of Pyn?iont, Spa, and Seltzer, are instances ,

the last particularly, is highly impregnated with this acid.

These waters are so pleasant and salutary, tliat various imita-

tions of them, made in tjiis country, are sold under the names

of single and double soda water. They are manufactured by
,

several houses in London, equal in every respect to the natural

waters imported from the continent.

f The earthy carbonates are insoluble in water. Hence,

breathing into a phial of lime-water renders it turbid. Owing

to this, lime-water is a good test for the presence of turbonic

acid.

J During a great part of the last century, phosphoric acid

was supposed to be a modification of the muriatic acid. This

error originated with Stahl. In 1743, Margraff distinguished

it from all other acids
;
and in 177% Scheele discovered that it

was a component part of animal bones.

^ When anima’ bones are divestftd of tlieir oil and jelly, the

earth wliich remains is chiefly lime, united with phosphoric
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What are the iproferties ofphosphoric acid ?

Phosphoric acid, deprived of water, is solid,

and transparent
II

;
when liquid, it lias a thick

oily appearance, is of considerable gravity, and

acid. It is worthy of notice, that phosphate oflime is found in

abundance also in milk. This seems to indicate, as Fourcroy

beautifully remarks, " that Nature thought fit to place in the

first nourishment of animals a quantity of osseous matter, with

a view to the necessary celerity of the formation and growth of

the bones in the earliest stage of their lives.” This fact is pro-

bably unknown to some who study natural history, and is one

of the niaraerous instances of the beneficence of the. Creator,

exemplified by the science of chemistry. The more we know

of the minutiae of matter, and of the laws by which it is go-

verned, the greater occasion shall we have to admire the excel-

lence of contrivance and the benevolence of intention of the

Omnipotent Artificer. Let the advocates for chance consider

the aforesaid fact, and say, if they can^ that phosphate of lime

is found in animal milk, in consequence offatality, and that it

occqrs by accident wh:ie it performs so important an office in

the animal ceconoray.

It is a remarkable fact, that the nearer the female approaches

to die period of parturition the more is the milk charged with

this calcareous phosphate; and that it is not till the digestive

organs of the infant are sufficiently strengthened to answer the

purposes and the work of animalization, that this earthy salt

disappears from the milk of the mother. See Nicholson’s

Journal, 4to. vol. i. 205.

II
Pure phosphoric acid obtained, without the addition of

water, by burning phosphorus in oxygen gas, has the form of

white, snowy, light flocks, of a very strong acid taste. Ry ex-

posure to the air it attracts humidity, atid becomes a^wief acid.

Forty ounces of phosphorus will produce more than 100 o.irnces

of dry acid.
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very acid to the taste*. It forms, by its union

with earthy, alkaline, and metallic bases, that

variety of salts which we call phosphates.

What is the phosphorous acid P

This acid contains a smaller proportion of

oxygen than the phosphoric acid. It is procured

by the slow combustion of phosphorusf; for

when phosphorus is heated it burns rapidly, and

the product is phosphoric acid.

* Phosphoric acid may be concentrated till it is of greater

specific gravity than sulphuric acid
;
but though the taste is

very acrid, it does not possess a causticity sufficient to burn or-

ganic substances, like the latter, whose oxygen is retained with

less obstinacy.

If phosphoric acid be exposed to heat, it gradually becomes

thick and glutinous
3
and if the heat be continued it acquires

more consistence, and at last melts into a solid transparent

glass. This phosphoric glass must be preserved from the action

of the atmosphere, 01; it will be gradually dissolved again into

liquid phosphoric acid. If the phosphoric acid has been fused

in an earthen cracible, it will not be deliquescent nor soluble in

w'ater.

This acid has been prescribed by some physicians as an an-

tiseptic, cooling, and solvent medicine, and as an external ap-

plication in osseous tumours.

-j- Phosphorous acid is generally prepared by exposing slicks

of phosphorus to the action of atmospheric air, in a glass fun-

nel, and receiving the acid, as it forms, in a bottle placed under-

neath. Tw'o or three pieces of broken glass placed in the neck

of the funnel to support the phosphorus, and a small quantity

of distilled water put into the receiving bottle, complete this

simple apparatus. The pieces of phosphorus should be placed

so as not to touch each other.
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What are the properties of phosphorous acid?

Phosphordus acid is a dense, viscid liquid,

with an acid taste, and emits the smell of garlic

when heated. Like the phosphoric, this acid

may be decomposed by charcoal, but cannot be

obtained in a concrete state. It has not yet been

applied to any use. The salts formed with it are

called phosphites.

What is FLUORIC acid?
/

The fluoric is an acid of a very peculiar na-

ture
J,

found in the fluor spar§. This mineral

is a natural production, composed of fluoric acid

and lime.

What are the jjropertiesW of fluoric acid ?

In the state of gas it is invisible, like air. Water

+ Fluoric acid is obtained by pouring sulphuric acid upon the

powdered spar in a leaden retort, and applying a gentle heat.

The sulphuric acid expels the fluovic, and unites with the lime

in its stead. This acid lias been discovered also in the enamel

of the human teeth, and in ivory. Vauquelin has found it like-

wise in the topaz.

Fluor spar requires its own weight of concentrated sulphuric

acid to disengage the fluoric acid gas, which must be condensed

in water to form liquid fluoric acid. To preserve the liquid

acid, it must be kept in bottles lined on the inside with wax

dissolved in oil, or in vessels of lead or platina.

§ Fluor spar is found in many parts of Europe, particularly in

Derbyshire. Some of it is so extremely beautiful that it is often

employed in the manufacture of ornamental vases, &c. &c.

II
This acid has somewhat of the smell of muriatic acid, but

is much more corrosive. According to wlr . Alurray, it exceeds
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rapidly absorbs it, and forms liquid fluoric acid.

It has an acid taste, and the peculiar property

of dissolving silex^. Its radical is not yet known.
What is the use of fluoric acid

Fluoric acid has not been used except for

etching upon glassf. It appears that it was

?11 other acids in its saturating power, in as much as it neu^

tralizes a larger quantity of any base. It acts so powerfully on

silex, that jt is impossible to use glass vessels for its distillation

where any large quantity of the acid is required. A glass retort

would be destroyed before a pound of the gas could be obtained.

It combines with the siliceous earth of the glass, and carries it

over with it in distillation.

Its action on glass may be shown by strewing a little pow-
dered fluor spar on the suuface of a pane of glass, and pouring

a little sulphuric acid upon it. The sulphuric acid will dis-

engage the fluoric acid from the spar, which will act upon the

glass immediately as it becomes disengaged,

* If a small animal or reptile be exposed to the vapour of

fliis acid drawn in glass, the animal moisture will absorb the

acid, and the silex will be precipitated, so as to give it the

appearance of a real petrifaction, or an animal covered with

stone.

f I am informed that it is become a fashionable employment

for young ladies to etch landscapes and other drawings on glass

by means of this acid. They cover the surface of the glass

with wax, and trace the drawing by cutting out the wax with

proper instruments. The piece is then put into a leaden re-

ceiver, and the gas disengaged from the fluor spar by means of

an Argand’s lamp is ti rown in upon it. In this way drawings

of great beauty are made, as imperishable as the glass itself. A
complete apparatus may be had of Messrs. Knights, Foster- lane,

Chcapside, London, for about four guineas} it is so contrived.
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first employed for this purpose m the 17th cen-

tury|.

What is BORAcic acid P

The boracic is a peculiar acid separated from

a substance called Borax§, The nature of its

radical is still unknown ||.

Uliaf are ihe properties ofhoracic acid?

Boracic acid is in the form of thin scales

that a lady may operate with it in a sitting,-room witli great

safety 5
and by varying the process^ the full effect of light and

shade may be given to the drawings t for, if liquid fluoric acid

be used, the lines will be transpafept
j
whereas, if it ^e applied

in the state of gas, jthey will appear dark and opake.

In France, barometers, thermometers, and other glass instru-

ments, are graduated by means of this acid; It might be

fully employed for engraving labels on glass bottles designed to

hold the corrosive acidp.

+ Hepry Swanhard, an artist pf Nuremberg, Ipiving disco^

vered the corrosive pature of this acid by obsenong its effect

upon his spectacleg, on which some had accidentally fellen, ap-

plied it to the purposes of engraving on glass so early as 1670 .

^
The boracic acid was discovered by Homberg in t/02. It

may eae'dy be procured by dissolving refined borax in hdl water,

and adding sulphuric acid till the solution has a slight acid taste.

This is then to be left to cool and crystallize,

II
See an account of Crell’s experiments for the decomposi-

tion of this acid in Annales de Chimie, tome xxxv. 202. He

has announced tliat carbon is one of its component principles.

5[ This acid, t.vhen it is well crystallized, is in the form of

snjall sliining flaky crystals. If exposed to a strong heat, it

becomes fused, and forms a solid white glass, which is sometimes

employed in the composition of artificial precious stones.
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slightly acid^, and unalterable in the air. It

forms the variety of salts called boraies, whea
combined with the alkalies^ some earths, and

some of the metallic oxides. One of the peculiar

properties of this acid is, that it imparts a green

colour to burning bodiesf

,

WJial is ARSENIC acid?

Arsenic acid is a compound of arsenic and

oxygen. It is a heavy, thick, incry stall izable mass;

very soluble in hot water;};; of an acid taste, and

poisonous. With different bases it forms the salts

called arseniales.

What is TUNGSTIC acid ?

The tungstic acid is a tasteless yellow powder,

composed of oxygen and tungsten^. It is inso-

* The taste of tliis acid is bitterish, with a slight degree of

acidity. It is very soluble in hot water, and but sparingly so in

cold. It is very useful in the analysis of minerals', as it brings /

almost all the stones into solution. See Mr. Davy’s late paper

on this subject in the Philos. Trans.

f When burnt with alcohol it communicates a green colour

to the flaftie, which becomes more and more green as tlie alco-

hol burns away. If a paper be .dipped in alcohol and tlien

sprinkled with this acid, it will burn with a green 0ame.

I Arsenic acid is not affected by exposure to the air. It is

composed of 65 parts of arsenic and 35 oxygen. It is made by

giving an extra dose of oxygen to the common white oxide of

arsenic, which of itself possesses several of the properties of an

acid, and has by Fouferoy been called arsenious acid.

§ Tungstic acid is found native in wolfram and other mine-

rals. It may be obtained frorh wolfram by boiling three parts

of muriatic acid on one part of tJie mineral. Ihe acid is to- be
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luble in water, but forms the salts caller!

slates, by its union with alkalies, earths [j,- or

metals.

What is MOLYBDic aciclP

Molybdic acid is a white powder, composed of

molybdenum and oxygen^. It requires a large

quantity of water to dissolve it*. When com-

bined with salifiable bases, the compounds are

called molybdates.

What is CHROMIC acid ?

Chromic acid is an orange-coloured powder,

composed of chromium and oxygen. It has an

acrid metallic taste, is soluble in water, and cry-

decanted off in about half an hour, and allowed to settle : the

powder which precipitates is to be dissolved in ammonia ;
the

solution evaporated to dryness, and the dry mass kept for some

time in a red heat. It is then yellow oxide, or the tungstic

acid in a state of purity. Dr. Thomson, vol. i. 250, 2d edit.

This acid becomes blue by exposure to the light.

II
Tungstic acid unites with the alkalies to saturation. It

dissolves several metals, and assumes a iZwe colour in proportion

as it abandons to them a part of its oxygen. Hume, Philoso-

phical Magazine.

^ Molybdic acid was discovered by Scheele in 1776- It Is

procured from the sulphuret of molybdenum by distilling nitric

acid off it repeatedly, till the sulphur and metal are both acidi-

fied
5
which IS known by the conversion of the whole into a

white mass. Hot water carries off the sulphuric acid, and

leaves the molybdic in a state of purity. Dr. I'honison, vol. ii,

103.

* It re«iuires q60 parts of boiling water to dissolve it. The

solution is of a pale yellow.
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stalHzable. When mixed with different «aline so-

lutions it assumes a variety of beautiful colours

;

it also forms with the earths and alkalies various

salts, called chromates* .

JVhal is the acetous acid P

Acetous acid is principally obtainedf from

saccharine liquors]; which have undergone the

vinous fermentation^.

* The chromic acid was discovered by Vauquelin. It is

procured from the red lead-ore of Siberia. He obtained it by

boiling 100 parts of this mineral witli 300 of carbonate of

potass and 4000 water, and separating the lead and the alkali by

weak nitric acid. For an account of the different colours which

this acid assumes, see Dr. Thomson, vol. ii. 105 .

f Jn nxaking vinegar, thp casks should be only half filled;

by this method a large surface of the liquor will he exposed to

the atmosphere, from whence the oxygen is to be derived to

acidify.it.

I All kinds of wine, and all sorts of malt or saccharine fer-

mented liquors, are capable of yielding this acid. The smaller

tire quantity of the wine the sooner will it be converted to vi-

negar, provided the :e be a free access of atmospheric air. Am-
ple directions for making vinegar will be found in Fourcroy’s

System of Chemistry, vol. viii. 250 : but I believe the best

treatise on this subject is by Citizen Parmentier, published in

one of the volumes of the Annales de Chimie.

It is found that wine which contains most mucilage soonest

becomes acid f)n this account isinglass ought not to be added

to wines, to fine them, till the moment of bottling them.

§ It was formerly Imagined that acetous acid could be pre-

pared only from vinous liquors
;
but it is not an indispensable

condition that it shall have been preceded by the vinous fer-

mentation. This acid may be drawn from several kipds of
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What are the properties of adetous acid?

-Acetous acid, as it is usually prepared, is a

pleasant yellow liquor, well known. When di-

stilled it is colourless as water, and of an agree-

able odour. In both states it is known in com-
i

merce by the name of vinegar ||.

What is the acid which has been usually called

ACETIC acid f

Acetic acid is obtairied from acetate of copper,

acetate of soda, or acetate of potass. It was for-

merly thought to be a distinct acid ; but it ha.s

lately been demonstrated by experiment to be

merely acetous acid in a concentrated stated.

wood by the destructive distillation. Mr. Andrew Patten has

a very large manufacture of this acid near Manchester, where

tJie wood is burnt in large iron cylinders about 8 feet long and

3 feet diameter. The acid is chiefly used in mfiking acetate of

iron for the calico-printers.

According to recent experiments, it appears that acetous acid

exudes with the perspirable matter from the pores of the

human body. See Annales de Chimie.

jl
There is so little difference between the volatility of vine-

gar and water that it cannot be concentrated by boiling ; but

if it be mixed with charcoal dust, the charcoal will enable it to

resist a strong heat, by which means the water may be thrown

otf by a boiling lieat
j
and then the pure concentrated acetous

acid may be drawn over in a proper apparatus by a stronger

beat. We are indebted to Mr. Lowitz for this discovery.

5[ Darracq has shown tliat acetous and acetic acid both pro-

duced the same combinations, and gave the .same products in

tlieir decompositions. He brought acetous to the state of

acetic acid by distilling it several times over muriate of lime,

3
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TVhnt are the properties of acetous acid in this

state of concenlralion ?

Acetic acid thus prepared is pungent^ acrid,

andvolatile**, and corrodes animal substances.

With various bases it forms the salts called acc-

latesf.

PFliai is OXALIC acid f

The oxalic is a peculiar acid found in the juice

of sorrel, in combination with potass];. The

and then was able to form as good ether with it as with tlie

acetic acid obtained from acetate of copper. Antilles de

Chimie, tome xxvii.

* This acid evaporates entirely when exposed to the airj

and when heated with free access of atmospheric air, it takes

lire so .readily that one is tempted to suspect the presence of

etlier in it. It dissolves camphor, and, with the addition of

essential oils, forms die aromatic vinegar.

f Acetic acid may be advantageously employed to separate

manganese from iron. When both metals are dissolved in

this acid, and the solution evaporated to dryness, the acid ad-

heres >to the manganese, but abandons the iron. Water will

then dissolve the acetate of manganese, 'and the oxide of iron

•will be left on the filter. Two or three evaporations and solu-

tions are sufficient to deprive acetate of manganese of tlie whole

of its iron,

J Sal-acetosellae, or the salt of sorrel of commerce, has usu-

ally been I imported from Switzerland and the neighbouring

countries, where it is prepared in large quantities from the juice

of sorrel. According to Savary, one hundred pounds of the

plant afford five ounces of the crystallized salt.

Deyeirx has found a considerable quantity of this acid in

chick peas. It was discovered by its burning the shoes ofsome

persons who walked over a field of this pea. There is reaso*
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radical of this acid exists also in sugar and other

matters, and requires only the addition of oxjr

gen to form true oxalic acid;};. It crystallizes in

four-sided prisms, has a very acid taste, and is

soluble in water. .
'It is composed of oxygen, hy-

drogen; and- carbon.

I
What-are the uses of oxalic acid?

Oxalic acid is of gTeat use to us in detecting

the presence of lime in solution §. It is also be-

come an. actiole of great consumption with the

cal ioofs^pfinters, both in a state of purity and in

combination with potash \\.
In combination wdth

r.j? jili ."i: ...

to believe that,^by a chemical examination of other .plants from

«:-hieh acici.4iq,uids spoataneously flow, this acid will be found

to greater-, abundance than has been suspected, ,

t Tlie oxalic radical appears to exist more abundantly in in-

«'{>id jultters than 'in sugar. Bertbollet has obtained from

vv'ool niQitjjjtlian half its weight of oxalic acid.

V .§< Th^iojralic has a greater affinity for lime than any other

wdll ; Wiijas it .fprm.s with it an insoluble substance, it is the

most proper test for discovering this earth. Thus, if a few

dtdpa of .-tile, solution of oxalic acid be dropped into a neutral

solution of muriate of lime, an abundant precipitate of insoluble

oaifilate of lime will appear, I say a neutral solution of muriate

at lipie
j

for, if there be any excess of muriatic acid in the solu-

tion, the lime will be redissolvcd. Hence the superiority of

oxalate of ammonia, to simple oxalic acid, as a test,

irtl The calico-printers have attempted to use the acidulous

tecalate of potass in.stead of the citric acid
j
but it is so insoluble

that they find a difficulty in making their solutions of a suffi-

tient strengtli. The pure oxalic acid answers belter for many
purposes, as it Is cheaper, and very soluble in water,

1
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earthsj alkalicsy arid metallie oxides, it forms the

salts called oxedafes

*

,

What is TZRf^Ric acid?

Tartaric acid is a peculiar acid forind in the

cream of tartar of commerce f , It isf capable of

crystallization, and easily soluble in' water. It is

used by calico-printers to discharge false prints];.

The salts formed with it are called tartrates.

What is CITRIC acid?

Citric acid is found in the juice of lemons and

several other fruits^. It crystallizes in beautiful

* The oxalic acklule attacks iron, zinc, tin, antimony, and

lead. It dissolves also the oxides of all the other metals, and

forms with them triple salts. It is employed to fake out ink

spots from linen, &c., which it does by virtue of its attraction

.for iron.

f Tartar is procured from vessels in which wine has been

kept. The tartaric acid appears to be a necessaiy substance in

all wine ;
for it seems from some late experiments that must

will not ferment if all the tartaric acid be taken from it. Dr.

Thomson, vol. iv. 458.

J Scheele was the first chemist who obtained tartaric acid in

a separate state.

All the vegetable acids seem to be formed from the same ra-

dicals, viz. carbon and hydrogen, and, perhaps, in some there

is also nitrogen ;
the diflerent. proportions of these, as well as

of the oxygen, constitute the whole varieties.

§ Scheele was the first person who obtained citric acid from

the juice of lemons in a state of purity. When crystallized it

sufl’ers no alteration from exposure to the air, though it is said

to change after some time when dissolved in water. Ihis acid

Xi\3.y be kept ready mi.xed with either of the dry carbonates of
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rliomboidal prisms
; is extremely acid to the taste,

and very soluble in water. It i^ used in various

ways for domestic purposes, for medicine
|| , and

in the artsH. The salts formed w ith it are called

citrates.

What is M21LIC acid ?

Malic acid is obtained from the juice of apples,

in which it exists ready formed It is a very-

acid, reddish-coloured liquid, composed, like the

other vegetable acidsf, of oxygen, hydrogen and
carbon. It is incapable of crystallization, and

potass or soda
; and, as no effervescence ensues till the mixed

powder is put into water, we have a ready mode of making a

pleasant saline draught.

II
Within these few years an important use has been made of

this acid in medicine. It is said that the largest dose of opium
may be checked in its narcotic effects, if a proper quantity of
citric acid be taken with it

j
and that with this adjunct it in-

duces cheerfulness instead of stupefaction, .succeeded by gentle
and refreshing sleep. Dr, Willich on Diet, page 339,

^ This elegant acid is very useful to our manufacturers on
account of its solulv.lity. One ounce of cold water will dissolve

1

1

07,. of it, and boiling water will dissolve double its weight.

The proper method of procuring it in crystals may be seen de-

tailed in Ann, de Chimie, tom. xxii. See also Dr. Thomson,
vol. ii. 146.

* The malic acid is found not only in apples, but in straw-

berries and other summer fruits. It was discovered by Scheelo
in the year 1785. For a method of procuring it, consult Dr.
Thomson, vol. ii. l6o,

1 Malic acid by the addition of nitric acid is converted to
oxalic acid.

R
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Las not yet beer, bronght into any use except as

a chemical test'* . Its salts arc called malates.

What is LACTIC acid P

-Lactic acid is prepared from milk after the

curd Las been separated. It is incapable of cry-

stallization, and Las not hitherto come into use.

The salts formed with it are called lactates-f.

What is GALLicX acid?

Gallic acid is found in the galls of commerce,

and in most astringent vegetable substances §.

* Malic acid is of use in the analysis of earths for separating

alumine from magnesia, as it forms with .the former an insolu-

ble salt, which precipitates, leaving malate of magnesia in so-

lution.

f Fourcroy and Vauquelin liave asserted, that the acid which

is developed in milk is nothing but acetic acid modified by some

animal substances and some salts which it holds in solution,

Phil. Mag. vol. xxii. 17

6

.

f Gallic acid is soluble in 10 parts of cold water, and in 3

of boiling water. It is not altered by exposure to the air, but

is decomposable by heat.

§
Gallic acid exists in galls, in oak bark, and other vegeta-

bles, independent of the astringent principle. It is lately found

that the property of giving a black colour to the solutions of

iron is owing to this acid, and not to the astringent principle

as was formerly supposed. A sliort process for procuring gallie

acid in a separate state may be seen in Crell’s Chemical Annals

for the year 1 787, It was Seguin who proved that tlie gallic

acid and the astringent principle are different substances.

A German apothecary, named says, that the excres-

cences on the roots of young oaks may be used with advantage

as a substitute for galls. I believe oak saw-dust has been used

in this country, instead of galls, to produce a black dye.
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It is obtained in thin transparent plates^ and in

minute needle-shaped crystals, of an acid austere

taste j|. It has the property of precipitating iron,

from its soiiitiori in acids;* of a Hack colour

Its salts are called gciila'tes.

What is MUCOUS add f

Mucous, or sacbholactic, acid as it has been

Called is obtained by nitric acid from gum ara-

ble, and other mucilaginous substances. It is in

II
Several processes for procuring gallic acid may be seen in

Thomson’s Chemistry, or in Mr. Davy’s papers in Journal Roy.

Inst, and Philos. Trans.

For the method of analysing astringent vegetable substances,

consult Mr. Davy’s paper in the Philos. Trans, for 1803.

Every substance, an infusion of which precipitates gelatine,

or animal glue, from its solution, possesses a tanning property.

Its presence may be detected thus : Add a tew drops of the

.solution of common glue to a wine-glass full of an inlusion of

the substance to be examined. If tannin be present the liquor

will become turbid, and a whitish substance will precipitate,

which is a true powder of leather. A table of the quantity of

tan contained-in twenty different kinds of bark, showing the

comparative value of each to the tanner, may be found in the

Philos. Trans, for 1/99, drawn up by <Mr. Biggin from actual

experiments.

The gallic acid may be entirely freed from the tanning prin-

eiple by means of muriate of tin. The tan will unite witlr the

muriate of tin, and form with it an insoluble precipitate. There

is reason to believe that tan is the source of the astringent prin-

ciple in all astringent vegetables,

^ Gallic acid will not immediately give a black colour to

green sulphate of iron in dyeing black, or in making ink. Ex-
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the form of a -v^’hite gritty powder, with a slightly

acid taste. Its salts are calledmucites**.

What is BEHZOIC acid P

Benzoic acid is prepared from a vegetable

resin called benzoin f. It is a light whitish pow-

der, with a peculiar and aromatic odour. Its

taste is acrid and bitter. It is unalterable in the

air, insoluble in cold, but soluble in boiling

water J. It is used in medicine under the name

posure for some time to atmospheric air is necessary in order

that the iron may thereby acquire a further dose of oxygen.

A few drops, of oxygenized muriatic acid will instantly produce

the effect.

* Mucous acid was discovered by Scheele in the year 1780;

for the method of obtaining it consult Dr. Thomson, vol. ii.

154.

f Benzoin is a resin procured from a tree which grows In

the island of Sumatra. The acid procured from this resin has

been known for 200 years. It is obtained from benzoin, in the

form of flowers, by sublimation.

This acid is found also in balsam of Tolu, Peruvian balsam,

liquid storax, and other similar substances. It has been like-

wise discovered in the urine of children, and of graminivorous

animals; in blood; and in some of the species of fungi,

Vauquelin advises the collection of the urines of cattle, as

proper for furnishing oeconomically the benzoic acid. He re-

commends the decomposition of it by the muriatic acid.

:{: Benzoic acid may be procured by boiling the resin with

carbonate of soda, and adding, to the filtered decoction, diluted

sulphuric acid as long as it produces any precipitation. The

precipitate which forms, is the benzoic acid. See the last Edin-

burgh Dispensatory.
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of flowers of benjamin §. Its salts are called

benzoates.

What is SUCCINIC acid?

Succinic acid is^ prepared from amber ||. It

takes the form of shining white crystals, of a;

slight acid taste. It sublimes in a great lieat.^

It is soluble in hot, but dissolves in small quan-

tities in cold, water. It is useful as a re-agent*,

but of no use in the arts. Its salts are called

succinates.

What is CAMPHORIC add ?

Camphoric acid is prepared from camphor by

§ The best flow'ers of benzoin are of a brilliant white, en-

tirely soluble in alcohol, and likewise, though more sparingly,

in boiling water; and leave no ashes when evaporated by heat.

II
Amber is a transparent combustible substance, dug out of

the earth, or found upon the sea coast. It manifests electi icity

by friction, and was much admired by the ancients as an orna-

ment of dress. The amber-pits of Prussia are said to afford

the king a revenue of 26,000 dollars annually.

^ Succinic acid may be obtained thus; Fill a retort half

way with equal parts of powdered amber, and dry sand; lute

on a receiver, and distil in a sand-batli with a gentle heat. The
succinic acid will attach itself to the neck of the retort. It is

generally coloured by a portion of oil which comes ovCr in di-

stillation; but it may be purified by pouring nitrous acid upon

it, and then expelling the nitrous acid by a heat not sitfficient

to drive off the succinic acid.

* When combined with ammonia this acid becomes a valu-

able re-agent, by the property of se[>arating iron from its solu-

tions, and not operating upon other metals. Thus, it a little

of this succinate of ammonia be added to a solution of sulphate
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means of nitrousacid* *. It is in Tery white

crvstals, which have a slightly acid^ bitter taste,

and a smell like saffron. It is very insoluble,

requiring nearly 200 times its w'eight of water

to dissolve it. With salifiable bases it forms cam-

pliorates.

PVhat is SUBERIC acid ^

Suberic, acid is prepared from cork, by means

I
of nitrous acid f. Its taste is acid; it is gene-

rally seen in the state of powder, and is not cry^

stallizable. Boilingwaterdissolves half its weight,

but it is very insoluble in cold water. Its salts

are called siiberates.

What is Z3CCIC acid ?.

Laccic acid is procured from a substance called,

white lac'l. It has a bitter saltish, taste, but not

of iron, a succinate of the metal will be precipitated. It may

be calculated that every 100 grains of the precipitate contain

68 grains of iron.

* Camphor is a' white crystalline substance of a very strong

taste and smell, obtained in the East from a species of lau-

rel. It is so inflammable that it burns even on water. La

Grange’s different processes for preparing this acid are trans..

lated by Mr. Nicholson, and published in vol. ii. of his Jour-

nal, ^to. '

f This acid was discovered by Brugnatelli in the year 1 78/ .

He gave it the name suberic acid from sulcr, the Latin name

of the cork-tree. This chemist has lately noticed tliat suberic

acid in con.siderable quantities may be obtained from paper, by

treating it with nitric acid.

:}; White lac is a peculiar substance brought from the East
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at all sour§. IL crystallizes in needlc-1 ike cry-

stals,

JVhatis PRUSSIC acidf . .

The prussic is a peculiar acid^ coinpos^'U o(

hydrogen^ nitrogen, and carbon. It is a colour-

less liquid like water, has a sweet tas^e, and docs

Dot alter the colour of vegetable blues. It is of

great use to chemists for detecting.metals in so- "

lution
Ij.

It is prepared from blood and other

animal substances^; and, when united with iron,

forms that beautiful colouring substance called

Prussian blue*.

Indies. This substance, which has a resemblanoe fo bees*-

wax, is secreted by an opaque and rough insect, of a gray

colour.

§ Laccic acid was discovered by Dr. Pearson. It is generally

in a fluid state. Its specific gravity at 60° is 1 .025, and w hen

heated it has die smell of newly-baked bread.

II
The colour of the precipitate indicates what metal, and its

quantity enables us to ascertain the proportion of such metal

contained in the solution to be examined. For tivis puipose

the acid must previously be combined with an alkali or an

•arth. Prussiate of potass is generally used.

A method of obtaining prussic acid in a i.tate of absolute

purity has lately been announced
5

viz. by distilling a mixture

of two parts of prussian blue, one of sulphuric acid, and one of

water.

There is great reason for believing that prussic acid does not

contain oxygen. The grounds on which this supposition is

foun4ed may be seen in Berthollet’s phemicai Statics, vol. ii.

222 .

* Prussiap blue was discovered by accident iq tire year 1 /Op

;
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IFhrd is sebacic acid ?

Sebacic acid is procured from animal fat or
tallow. It has an acid, sharp, bitterish taste^

It combines with alkalies, earths, and metallic
oxides, and forms the salts called seha'.cs.

IVhat is nine acid P

XJiC uiic or lithic acid is found in human
unne'f'. Some of the human calculi arc com-
posed entirely of this acid. It has neither taste

nor smell, but it reddens vegetable blues, and
combines with alkalies and earths. It is a com-

bat it was not till the year 1775 that Bergman ascertained that

this colouring matter was a peculiar acid. Scheele, however,
was the first who explained its nature and composition, in the

year 1782, announcing that he had formed it without animal
naatters, and that it is a compound of ammonia and charcoal.

Later experiments of Berthollet show that this acid does not
contain ammonia ready formed, but that it is a compound of
carbon, hydrogen, and nitrogen.

The process to prepare prussian blue may be seen in Neu-
mann s Chemistry, vol. i. 105; in Shaw’s Lectures on Arts,

8vo, 180; or in Bouillon La Grange, vol. ii. 354, The Jour-

nal de Physique for the year 1778 describes the process as it is

conducted in the manufactories of Germany.

* Sebacic acid crystallizes in needles, and when heated

liquefies like tallow.

For further information respecting this acid, consult Nichol-

son’s Journal, vol. i. 8vo. 34; and Thenard’s memoir in An-
rales de Chimie, tome xxxix. J 93 .

1
If the urine of a healthy person, voided in the morning

after sleep, be preserved, the liquor will in a few hours pre-

sent a light cloud which occupies the upper part of the vessel

;
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n

position of carbon, nitrogert, hydrogen, and

oxygen.
^

IVhat is the amnjotic acid?

Amniotic acid is obtained from the liquor of

the amnios of the cow. It is slig'htly acid ;
it

reddens the tincture of turnsol
;
and.may be ob-

tained in white erysta]s.'|;.

How mamj d{ff'crent distinct acids are there?

Tlie w hole of the acids now' know'n amount to

about thirty, besides w'hat are formed by some of

those acids combining with different proportions

of oxygen §.

this cloud, gradually augmenting in quantity, subsides, and be-

comes a sediment of small red crystals, with brilliant facets:

this sand of the urine, i.s u?ic add. As this acid precipitates,

the urine loses its colour, in a great measure
5

its acid nature

disappears, and it becomes ammoniacal and exhales that smell.

t The amniotic acid was discovered by Vauquelin and his

coadjutor Buniva. It dissolves reatlily in hot water, and but

slowly and sparingly in cold. In order to obtain it, nothing

more is necessary than to evaporate the liquor of the amnios of

the cow to one fourth, and leave the remainder to cool, which

will be found to contain the acid in crystals.

The mellitic and the columbic acids I have not noticed in the

text, because the minerals from which they are procured are so

rare that few chemi.sis will ever be likely to obtain even a spe-

cimen of them. ,

§ The acids are such powerful agents in a variety of chemi-

cal changes which take place in nature and in the arts, that it

is of the utmost importance to acquire a knowledge of the

modes in which they operate. Let it be recollected then, that
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IVhat are the un^s of thcfie various acids ?

The uses of the acids are so many and iiiir

portant, that it is impossible to enumerate them.

They are indispensable to various arts"*^ and ma-
nufactures

"I*; are employed for culinary pi^rT

there are two ways in winch the acids produce changes iii

the substances with which they are brought into contact. In

some cases they effect an union with these substances, and

become a part of the new compound, without having theiUr

selves undergone any deconaposition. In others they become
partially decomposed, by affording a part of their oxygen to

the bodies on which they operate. The formation of common
salt by the union of muriatic acid with soda is an instance of

the first pf these cases, and the action of nitrous acid on iron

will exemplify the latter.

* Sulphuric acid, in a diluted state, js used by the tanner iq

the operation called scouring; also by the dyer, in a concen-

trated state, for dissolving indigo. |t is likewise employed by

hatters. Silk-dyers use it for whitening silks, and for giving

them a beautiful lustre. The chemist employs it in the pre-

paration of nitrous and muriatic acid, and as an agent in a va-

riety of processes and decompositions.

Nitric acid is used by dyers to make their solutions of tin.

Silver-refiners employ it in the operation of parting. It is

glso used by gilders, brass-founders, calico-printers, colour-

makers, &c.

Muriatic acid is employed in dyeing, calico-printing, and

colour-making. The oxygenized muriatic acid, in bleaching,

3cc.

f The arsenic, acetous, oxalic, tartaric, citric, gallic, and

prussic acids are all of them employed in the different manu-

factures of the country.
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poses and for medicine §: tliey act an impor-

tant part in the great elaboratory of nature; pro-

duce that numerous class ol bouies called salts

,

and form many of the rocky and mouiitiii.noiiA(

parts of the globe we inhabit.

+ The acetous, the tartaric, and the citric acids are u^ed for

culinary purposos. Agcording to some expeHments of Dr.

Macbride, it appe rs that all the mineral acids in a diluted state

might be employed with groat advantage in preserving meat.

They probably owe their antiseptic qualities to oxygen. Mu-

riatic acid drawn in glass \yould, 1 believe, in a state of great

dilution, be a plpsant and wholesome condimqnt for our food.

It was formerly used in this way. The celebrated Rudolph

Glauber, who was the first to turn the residuum which is

left after the distillation of this acid to a good account, de-

scribes the several ways in which it was used in the kitchen in

his time, page ]2 of his Treatise on Philosophical Furnaces.

That this acki possesses valuable antiseptic qualities tbqre

can be no doubt. Sir WUliara Fordyce gives nn account of

a dry-salter who acquired a large fortune from possessing q

secret that had enabled him to send out to the Indies provisions

in a better state of preservation than any of the trade. His

whole secret was that of putting a small quantity of muriatic

acid into each cask.

§ Great advantages have already been obtained frorh the

use of rnany of the acids in medicine, particularly the mineral

acids. As to the oxygenized muriatic acid,
“

I will venture to

affirm that it will hereafter be one of the most useful of the

materia medica. It is known that it is strongly tonic; that it

augments the force of the stomach and the whole system, and

acts even as a specific in syphilitic disorders. Fourcroy.

Parliament voted a reward of 5000/. to Dr. Carmichael

Smyth, for his discovery, that nitrous acid, applied in the state

of vapour, eliectually destroys coiUagioi*, especially typhus.
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Do you recollect any instances of acids entering

into the composition of rocks and mountains ?

The vast masses of limestone, chalk, and

marble, which are found in every part of the

world, are combinations of lime and carbonicacid*

*

: the mountains of gypsum in the vicinity

of Paris and elsewhere are combinations of lime

and the sulphuric acid f. The fluor spar of

Derbyshire owes its compactness, &c. to the

fluoric acid and there are mountains of com-
mon salt both in the eastern and western hemi-

sphere, which contain hundreds of millions of

tons of muriatic acid §.

Jire you sure that the acids 'which Nature has

employed in the formation of mountains are of the

jail, yellow and such like fevers. The most simple process

for this purpose, is that invented by Mr. Hume, who assisted

the Doctor in his experiments. See Smyth on Nitrous

Vapour.

Dr. Thornton says that he has cured syphilitic complaints by

nitrous acid, in cases where mercury has failed. Medical Ex-

tracts, vol. V. 400. Mr. Cruickshank, of Woolwich, has given

it with the same intention, and with the best success.

* Limestone, chalk, and marble, are composed of about

50 parts acid and water, and 50 parts lime.

f Gypsum is composed, according to Bergman, of 32 parts

of lime and 08 of acid and water.

J There are however some varieties of this salt which con-

tain different portions of acidi

§ Common salt, according to the analysis of Kirwan, is com-

posed of 53 parts soda, 3p acid, and 8 water.
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same kind as those which come under our common

notice and observation P

Yes; of these substances may be decom-

posed, and their acids exhibited in a state of pu-

rity for experiment or usej].

Do you know of any other natural productions

which are indebted to the acidsfor their natures and

,
properties f

The large masses of alum ores and of pon-

derous spar in difierent parts of the earth owe

their origin to the sulphuric acid ;
the chryso-

lite of Greenland is a compound of ahimine

and the fluoric acid ; and several of the precious

stones are combinations of the different earths

with the chromic or the phosphoric acids 5 ; not

to mention the annual changes which the vege-

II
If the pupil be directed to pour a little diluted sulphuric

acid upon some pieces of marble, the carbonic acid will be

disengaged, and become evident to the senses. In like man-

ner he may disengage the fluoric acid from the flUor spar,'the

muriatic acid from rock-salt, and other acids from those mine-

rals in which they are found native. A few experiments of this

kind will serve to show him how abundantly the mineral acids

occur in Nature.

% Mr. Parkinson thinks that the emerald owes its colour to

the oxide of chrome, and the ruby to the acid of that metal.

According to Vauquelin, the ruby is a combination ' of the

chromic acid, alumine, and magnesia.

The chrysolite seems to be composed of lime and the phos-

phoric acid. See Ann. de Chim. xxvi.
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table kiiigdbm undergoes by thfe formation and

loss of the vegetable acids.

Ycm speak of ilicformation bf acids : Arc Iddics

of this classformed and decomposed the common

operations of nature f ' * '

Many of these bodies are not only formed ar-

tificial Ivj as has been before said^ by the direct

union of their radicals v*ith oxygen, but we

have reason to believe that this is perpetually

done by natural means ; and that the acids are

the principal agents in those chemical changes

\vhieh the various substances of this earth are

destined to undergo*.
,

fVhat may ice infer from this constitution of

tilings ?

From hence \vc liave reason to believe that

the great and beneficent Creator has provided

such an immense store of ail the different ele-

mentary materials with which thfs our worid is

composed, that no scarcity of those things which

* “ Mr. Baumc, by a series of ingenious experiments, dis-

covered that clays may be produced by the action of the sul-

phuric acid on vitrified substances. Mr. Ferber applied tliis

fact to the grand operations of Nature on the matters ejected

by volcanos: he discovered a fine white argillaceous matter in

the hollow part of vitrified lava, evidently produced by the

action of the sulphuric acid. Hence it appears that those sub-

stances which have by tiie'action of fire been rendered other-

wise intractable, again become, by the action of the sulphuric

acid, subservient to vegetable life." Parkinson. See Ferber’s

Letters.
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are subservient to the wants and comforts of its

inhabitants cou’d ever happen, whatever changes

it might undergo, though it should be .destined

. to revolve in its orbit for millions of vears yet to

come f

.

f When we consider the various properties of matter, and

the variety of changes it is calculated to undergo for the use,

the gratification, and the accommodation of man—we are ready

to exclaim

—

“ We feel the present Deity, and taste

The joy of God, to see a happy world.”

:n ;
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CHAP. VIXT.

OF SALTS.

lVi.r.4T in a salt ?

When an acid * is combined with an alkali,

an earlh, or a metallic oxide, it forms what is

called a salt. Such compounds were formerly

called neutral salts
; but that term is now applied

only to those salts in which there is no excess

either of acid or of basef.

Huzv mauTf sails are there ?

As the acids are capable of forming various

combinations with the diderent earthy, alkaline,

and metallic bases, the precise number of the

* Acids may be considered as true salifying principles, and

the substances with which they unite to form s.alts may be

called salifiaMe bases. Lavoisier.

-}• To give the pupil a clear idea of this class of bodies, it

may be advisable to set him to form some of tlie salts from

their component parts. He miglit be directed to pour a little

sulphuric acid into a solution of soda in water, to evaporate the

superfluous water, and then to notice the crystallization of the

new-formed salt : if the liquor be allowed to stand quietly for

a few lioui's in a cool jjlacc, he may observe tire salt shoot into

beautiful crystals of sulphate of soda.
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salts is not knoAvnJ. Probably they amount to

nearly two thousand §.

What method has been taken to distinguish the

different salts ?

Modern chemists have adopted a new nomen-

clature for this purpose, which is simple, in-

genious, and useful ||.

f Fourcroy reckons that there are 134 species of salts; but

how many distinct salts there are he has not calculated.

' Having 32 acids and 57 bases, it would appear at first sight

that there are 1824 salts; but there are several of the metallic

oxides which cannot combine with many of the acids;

which is also the case with silex, one of the earths. How-
ever, to compensate for this deficiency, tliere are several acids

capable of combining with two bases at once. These are

Called triple-salts. Besides these there are super-salts, and
sub-salts.

I

§ Should any one express his surprise that the number of
one class of bodies should be so great, he may be told that

Nature seems to aim at variety in all her productions. Saint
Pierre informs us that thei'e are 6OCXD species of flies, and 76O
different butterflies. Ray computed tlie number of species of
insects at ten thousand. There are above 1000 different

species of beetles in Great Britain.

II Tliis nomenclature was drawn up by a society of French
etiemists, soon after the new theory of chemistiy was an-

nounced by favoisier; and most of the French writers arro-

gate great honour to their nation, on both tliese accounts. But
it may very fairly be remarked, tliat had it not been for the
previous discoveries of Dr. Black, Dr. Priestley, and Mr. Ca-
vendish,—Lavoisier could never have had the honour to foraj.
such an admirable system of chemistry.
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Hoiv arc the sails distinguished hy this nomen-

clature F

Every salt has a double name, one part of

which indicates its acid, and the other its base

;

so that, in a collection of many hundred different

salts, the cotnposition of each is immediately

known by its appellation^. '

Can you explain the manner in xcliich this is

effected ?

All substances which are compounds of me-

tallic oxides, earths, or alkalies with the sul-

])huric acid, are called sulphates', with the mu-

riatic acid, muriates; with the nitric acid, ni-

trates; with the carbonic acid, carhonates, &c.

&c.f

Do the advantages which we, derive from this

nomenclature compensate for the inconvenience of

changing the names of so many substances ?

The new nomenclature, by its scientific classi-

* Fourcroy has well remarked that if this airangement had

not been made, it would have been absolutely impossible to

know the characters of the numerous salts which have been

discovered, aud the science of chemistry would then have been

confined to the very few men who are capable of extraordinary

efforts of memory,

f These are the terms generally made use of in chemical

language, but sometimes, in order to prevent monotony, w#

give an adjective termination to the word which expresses the

base of the acid. Thus we. say calcareous salts, instead of salt

of lime; ammoniacal ^alts, instead of salts of ammonia; alu-
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ficafion of bodies^ gives such a facility to the

acquisition of chemical knowledge, that this

alone would have been sufficient to have justified

chemists in adopting it ; but its contrivance for

pointing out the nature of the substances bear-

ing the new names, gives it advantages far sur-

passing every inconvenience attending the alte-

ration];.

Describe the nature of some of these advantages.

The saline compound, formerly called Glau-

ber's salt, is now called sulphate of soda, for it

is a combination of sulphuric acid and soda§ ;

what was called gypsum, or plaster of Paris, a

compound: of lime and sulphuric acid, is now
called sulphate of lime; in like manner w^hat was

called green copperas, is now sulphate of iron,

that substance being a compound, not of copper.

minous salt, instead of salt of aluminej arid with the same de-

si«n, the terms barytic, magnesian and the like are used.

t As the boundaries of chemical science have been ex-

tended, the number of known salts has been surprisingly in-

creased
} so much so, that it would have been impossible to

recollect the nature of each, without the assistance of a no-

menclature of this kind. Thirty years ago not more than 20
or 30 species were known; since then more than lOO new
species, comprising upwards of a thousand distinct salts, have
been added to the list.

§ It is necessary to remark, that when an acid is combined
with two bases, tlie names of both are subjoined to that of the
acid. Thus we say sulphate of alumine and potass, and tar-
fc"ate of potass and soda.
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as the old name seemed to import, but of iron

and the sulphuric acid*.

Have the framers of this nomenclature heen

equally happy in the choice of names for the salts

which are composed with the other acids P

Yes; the principle upon which the nomen-

clature is formed is such, that the composition

of every salt is designated by an appropriate

name with the utmost perspicuity.

According to the new nomenclature, what is the

common culinary salt called ?

Common salt is called muriate of soda-f; that

is, a composition formed of soda and muriatic

acid.

What do ycm call salt-petre

Salt-petre is called nitrate of potass ; it being-

composed of potass and nitric acid.

What is chalk now called?

Chalk, being a compound of lime and carbonic

acid, is called carbonate of lime.

You have said that these bodies were formerly

called neutral salts, why is not that term now ap^

plied as before ?

No salt can strictly be called neutral, except

* It would be easy to make out a long list of substances

with names equally improper, and which have characteristic

and appropriate names assigned them in tlie new nomenclature.

-j- Formerly the word salt was confined to muriate of soda.

No other substance was then known as a salt. Afterwards^
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such in which the acid is completely neutralized

by the base^ and the base by the acid, so as to be

mutually saturated by each other
;j;.

Is not that the case with all saline compounds ?

No : some have an excess of acid, as cream of

tartar
; and other salts have an excess of base, as

common borax.

How are such salts distinguished P

When a salt is found to contain an excess of

acid, the preposition super is prefixed to its

name§
; but when it does not contain a sufficiency

of acid to saturate the base, the preposition sub

is added
; as super-tarti’ate of potass, and sub-

borate of soda
I),

Some salts areformed with adds notfully oxy-

the acids and alkalies were called salts also. There are in-

numerable proofs of this in the old chemical writings.

X The propriety of restricting the use of the term neutral will

appear, if we consider that we have some bases that combine
with more than one dose of acid, and thereby form salts which
differ in their appearance and properties. Thus v\'e have sul-

phate of potass, and i-wper-sulphate of potass. The one is a

neutral salt, the pther is a salt with excess of acid.

§ Many of these super salts may be discovered by carbonate

of magnesia. If an acid be present in the solution, an effer-

vescence will take place on the addition of the carbonate.

t|
We are indebted to Dr. Pearson for this mode of distin-

guishing these salts. Before his methpd was adopted, die for-
mer of these salts was called tartrate of potass with excess of
acid, or acidulous tartrate of potass

j and the latter borate of
soda with excess of base.
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genizcd, as the sulphurous and phosphorous acids :

hoTv are such sals distinguished?

All salts composed with acids ending in ous,

take an ending’ in ite, instead of ate. Thus we
saj sulphite of liine, or phosphite of potass*.

What are the generic characters of the sul-

phates ?

The sulphalesf have generally a bitter taste;

are precjpi table from fluids bj a solution of

barytes; and aflbrd sulpburcts when heated red-

hot with charcoal

• * When sulphur is fully saturated with oxygen it forms

what is called sulphuric acid, and the salts composed with this

acid are called sulphates. But when sulphur is partially oxy-

genized, an acid is produced callpd sulphurous acid, and the

salts formed with it are called sulphites.

The new nomenclature enables us to distinguish between

acids which are partially oxygenized, and those which contain

a maximum of oxygen. This is of great importance, because

the properties of the salts formed with these acids vary as

much as the apids themselves. The salts formed with acids

ending in ic arp generally permanent
5
whereas salts formed

with the same bases combined with acids ending in ous are sel-

dom permanent, but by exposure to the air attract oxygen, and

are changed into salts of the former kind.

f lire quantity of sulphuric acid contained in any of the sul-

phuric salts may be known by means of barytes. For if any

of the solutions of this earth be added to a solution containing

sulphuric acid, a sulphate of barytes will instantly be formed

and precipitated. When this precipitate is dried, every hun-

dred grains of it will (according to Chenevix) contain 24 grains

of sulplniric acid.

X When a sulphate has been converted to a sulphurct by
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Can you emimeraie a fezv of the principal sul-

phuric salts f

Among’ the first of them are snlj)hate of

barytes sulphate of strontian^ sulphate of pot--

ass, sulphate of soda, sulphate ot lime
|j,

sui-

buming with charcoal, the sulphuret may be deconJposed, and

the sulphur precipitated by the addition of muriatic acid. For

a method of decomposing these salts in a large way, consult

Encyclopaedia Britapnica, Chemical Index, article Vilriolated

Tartar,

To analyse the earthly sulphates, heat them to whiteness, in

order to find the quantity of water which they contain
j
then

boil them with carbonate of potass, which will occa.sion their

decomposition. A common Florence oil flask is sufficient for

this purpose. It may be ascertained when it has been sut-

ficiently boiled by taking a little^ of the earth from the bot-

tom of the flask, and trying it with muriatic acid. If the

muriatic acid dissolves it entirely, the decomposition is com-

plete.

§ Sulphate of barytes, or ponderous spar as it has been

called, is abundant in diflerent parts of the earth. Sulphate

of strontian is found in Scotland and elsewhere in abundance.

Sulphate of potass, sulphate of soda, and sulphate of ammonia

are prepared by chemical manufacturers in many of their

processes. Sulphate of lime, sulphate of magnesia, and suF

pirate of alumine are native productioirs. Sulphate of am-

monia, it has been said, has been found native in the nei<dr-

bourhood of volcanos.

I
Sulphate of lime is gotten in abundance in Staffordshire,

Derbyshire, and other counties of England. The bills around

Paris are composed entirely of this earthy salt. Hence its

name plaster of Paris. When burnt and ground it is miscible

with water, for which it has so great an affinity that it heconres

polid almost immediately. This property reirjers it an ekcc'l-
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phale of magnesia, sulphate of ammonia, and
sulphate ofalumine**.

IP hat are the generic characteristics of the

SULPHITES?

The sulphites have always a disagreeable sul-

phurous taste; they are decomposed or changed

by the nitric, muriatic and some other acids

which do not affect sulphates ; if exposed to fire

lent substance for forming busts, cornices, &c. which are very

durable, if protected from the weather, and not exposed in

damp situations. In America this substance is used as a

manure.

* Alum is prepared near Glasgow, by Messrs. Mackintosh

and Knox, at a much less expense than it can be made at

Whitby, as it is tliere found ready formed in a state of silky ef-

florescence, and only requires to be dissolved and crystallized

for sale. It seems that a large quantity of aluminous schist

was laid bare by the working of a coal pit, at least ,?00 years

agoj and that the action of the atmosphere during this period

has completely acidified it, and converted it into a crystalliza-

ble salt. Whenever this is consumed, I apprehend the work

must be discontinued, on account of its inland situation •, for

as every 100 tons of alum- slate afford more than 90 tons of

refuse, any work in the interior of the country would soon be

blocked up by it. At Whitby this refuse is thrown into tlie

sea, as it occurs.

Vauquelin distinguishes seven different kinds of sulphate of

alumine. It was he who first proved that soda is of no use in

the formation of alum. He afterwards showed, that if a few

drops of solution of potass, or of sulphate of potass, be added

,
to an uncrystallizable solution of sulphate of alumine, the

crystallization will immediately commence. See Annales da

Chim'ie, tom. xxii.
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thej yield sulphur^ and become sulpliates; and

are converted into sulphates even by exposure

to the action of the atmosplieref

.

Can you enumerate some of the sulphurous

salts P

The principal arC;, the sulphites of barytes^ of

lime, of potass^, of soda, of ammonia, and of

magnesia.

fVhat are the generic characteristics of the

MURIATES P

The muriates, when acted upon by concen-

trated sulphuric acid, yield muriatic acid in the

visible form of vapour; and when by the nitric

acid, oxygenized muriatic acid gas. They are

the most volatile, and yet the least decomposable

by fire, of all the salts; not being perceptibly

altered by combustibles, even when assisted bj
heat§.

f See a memoir on these salts by Fourcroy and Vauquolin,

in vol. xxiii. of Ann. de Chimie,

J The sulphites were first pointed out by Stahl, Sulphite

of potass was the first of these salts that he examined. From
this circumstance it acquired tl>e name of sulphureous salt of
Stahl.

Tliese salts are mostly formed artificially, by saturating- the

alkaline and earthy bases with sulphurous acid. For the

easiest method of conducting the process, consult Thomson’s
Chemistry, vol. ii, 44g.

§ This is an evident, and at the same time a most remark-
able character of this species of salt. Muriate of soda may
be volafilized by heat, but if the vapour be collected it will
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Can you enumerate the chief of the muriatic

salts ?

The principal of the muriatic salts are the.

muriates of barvtes, of potass, ofsoda* *, of

be found still to be muriate of soda. Some years ago I ex-

posed several hundred weights of this salt to a most intense

heat in a reverberatory furnace for 48 hours, with a view to'

decompose it
5

but when it was removed from the furnace

there was no change, it remained muriate of soda. Another

portion was kept in a state of fusion for 36 hours with a con-

siderable quantity of carbonaceous matter, but no decompo^

sition was effected.

* Muriate of soda is the salt which has been longest known.

It is our common culinary salt, and is supposed to furnish the

necessary supply of soda to preserve tire bile in an alkaline and

antiseptic condition.

This salt is of great use in tire animal creation , horses are

ver}’- fond of it; and cows give more milk when supplied with

it. Dr. Mitchil relates, that in the back settlements of Ame-

rica, 'wherever this salt abounds, thither the wild beasts of the

forests assemble to regale themselves
;
and that some of these

places are so much frequented, that the ground is trodden to

mud by them. The natives call these spots licks, or licking-

places. In some parts of Africa, large herds of cattle travel

from great distances at staled seasons to enjoy the marine plants

which grow on the coast and are saturated with sea-salt. The

fattening property of our own salt-marshes is well known to

graziers and farmers.

Whenever the finances of this country are in a state to allow

the duty to be withdrawn, the greatest improvements in agri-

culture may be expected from the use of sea-salt. Mr. le Goux,

in his history of the cocoa-nut tree, tells us that tire inhabitants

of tliose parts of Hindostan and China which border on fiie
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strontian, of lime, of ammonia, and muriate of

rpaguesiaf.

fVhat are the generic characteristics of the

JIYPESOXYGl^NlZED uYUEI.-lTES'lf

The hvperoxygenized muriates yield very pure

oxygen gas by the action of fire, and are thus

converted to common muriates : the strong acids

expel the hyperoxygeoized muriatie acid from

sea-coast sprinkle iheir rice-fidds with sea-water, and use no

other manure; and that in the interior of these countries they

sprinkle the lands with salt before they are tilled; and that this

practice has been followed for ages with the greatest advantage.

In a conversation until a gentleman who has spent many
years of a valuable life in making experiments on the employ-

ment of salt in agriculture, and in endeavouring to procure an

act of parliament to sanction its use, I was informed that one

bushel to an acre makes land always more productive; but

that a large quantity would for 2 or 3 years afterwards render

it actually sterile.

i- Muriate ol potass has been found native in the bogs of
Picardy : this salt was formerly, and is still, much used by some
alum-makers to proc re the crystallization of alum. Muriate

ot animonia is the common sal ammoniac of commerce. Mu-
riate of barytes and strontian are boUi factitious salts. Muriate

of lime is found native in various states
;

it is also furnished in

abundance by the makers of carbonate of ammonia: it is used

for the production of artilicial cold. When dissolved in alco-

hol it burns with a flame of a beautiful red colour, e.special!y

if the solution be agitated during the inflammation. Muriate
'^f magnesia is found in mineral and in sea waters.

+ The hyperoxygen ized muriates were discovered by Ber-
thollet in 1786.
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these salts, w^ithout the assistance of heat*. When
mixed with combustibles, they detonate with

great violence by mere friction or percussion,

and sometimes spontaneously f.

* Those salts which have been called oxygenized muriates

have been proved by Mr. Chenevix to be hyperoxygenized mu-

riates
5

that is, the acid which forms these salts is in the highest

degree of oxygenizemerJ:. He was desirous of exhibiting this

acid in a separate state : but when he attempted to obtain it

from only 500 grains of hyperoxygenized muriate of potas.s,

the retort burst with a loud report, and was reduced almost to

powder, so tliat scarcely ainy fragment of it could be found in

the laboratoiy. Dr. Vaudier, who was present, was near losing

his sight by tlie explosion. Phil. Trans, vol. xcii, 126.

The component parts of this salt are, hyperoxygenized mu-

riatic acid 58 parts, potass Sg, water 3 parts.

f Of this salt Fourcroy remarks, that “ it seems to include

the elements of thunder in its particles. A chemist can pro-

duce effects almost miraculous by its means, and Nature seem?

to have concentrated all her power of detonation, fulmination

and inflammation in this terrible compound.” By gent/?/ tri-

turating 3 grains of this salt and one of sulphur in a mortar

with a metallic pestle, a scries of detonations takes place re-

sembling the cracks of a whip. If struck on an anvil, the

report is as loud as a gun. But too great caution cannot be

exercised in the use of this salt. Three paids of it with half

a part of sulphur and half a part of charcoal produce most

dreadful and violent explosions. But the shocking death of

two individuals in October 1788, and the burns which others

have suffered by it, render it feared by chemists in general.

If the aforesaid mixture of this salt be tlirown into concen-

trated sulphuric acid, a flame is developed so strong and bril-

liant tliat the eye can with difficulty support it. Fourcroy,

vol. hi. 313. It should be remembered that the mixture
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Can you enumerate the hyperoxygenized mu-^

riates F

The chief are ; tlie Iiyperoxygenized muriates

of potass of soda, of barytes, and of lime.

What are the generic characteristics of the

TITRATES

f

,
The nitrates yield oxygen gas mingled with

must always be made moist, and never kept ready mixed, as it

is liable to explode spontaneously.

That such a mixture will explode spontaneously, was expe-

rienced by a friend of mine, above 20 years ago. He had a

phial, containing not more than two drachms of the powder,

placed on a shelf with other bottles
5 and after remaining quiet

for many months, it exploded, attendetl with a tremendous re-

port, and the destruction of most of the bottles near it. The
temperature of the place was uniformly about 65° Fahrenheit.

X Hyperoxygenized muriate of potass is used not only for

experinifi^, but also in medicine. From its explosive effects,

Berthcllet was induced to propose it as a substitute for nitre in

the manufacture of gunpowder. The attempt was made
;
but

no sooner did the workmen begin to triturate the mixture than
it exploded with violence, and pi oved fatal to two individuals

who were near it. Phil. Trans, xcii. 128 . I hav'e, however,
reason to believe that gunpowder made with this salt, was af-

terwards actually used by the French in one of their campaigns.

See Additional Notes, No. 56.

Berthollet is of opinion that in this salt the oxygen retains all

tlie caloric which it had when in a gaseous state. The concen-
tration of the oxygen gas by its union with tlie potass, is pro-
bably sufficient to account for its explosive effects. See the
last note, page Q7-

A solution of this salt well mixed witli common soap in a
mortar, is said to improve the soap so as to render it fitter
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nitrogen gns by the action of fire ; thev give out

a white vapour of nitric acid when acted on by

concentraterl sulphuric acid; and w’hen mixed
with combustible substances produce at a red

heat inflammation anddetonation**.

Can you enumerate some of the nitric salts ?

The more noted are ; the nitrates of potass f.

for shaving than any of the kinds recommended for that pur-

pose.

The other hyperoxygenized muriates are also prepared by art/

and are of little use, except the hyperoxygenized muriate of

lime, which is employed in bleaching.^

* This may be shown by heating a little nitre in a crucible,

and throwing powdered charcoal upon it. The charcoal will

combine with the oxygen of the nitrous acid, and pass off in

the state of carbonic acid gass; except the part that combines

with the potass, and remains in the crucible.

f Nitrate of potass, or salt-petre, is generated by nature in

abundance, particularly in the East : it appears that notliing is

necessary for its production but the presence of lime, heat, and

dry atmospheric air. The atmosphere furnishes the acid; but

how the potass is given to it is notknown.

Notwithstanding the prodigious quantity of salt-petre col-

lected in the East Indies, it has been calculated, that two thirds

of the whole are annually sent into China and other parts of

Asia to make artificial fire-w'orks. The fire-works of the Chi-

nese exceed those of all other nations in variety and beauty.

At Apulia near Naples there is a natural nitre-bed, in which

tlie earth contains 40 per cent, of nitie. Pelletier has publish-

ed a memoir on the analysis of this valuable treasure, in the

Annales de Chimie, tome xxiii.

, , In Switzerland, the farmers extract an abundant quantity of

very fine salt-petre from tlie earth under the stalls of their
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of barjtes/ of soda;];, of strontian, of lime§,'of

magnesia^, and of ammonia.

What are the generic characteristics of -the

C2RBONATES

P

All tlie alkaline carbonates are soluble in

water ; those of the earths and metals are nearly

insoluble, unless the acid be in excess ; and they

cattle. The urine of quadrupeds contains much potash, and

this acquires riitric acid from the atmosphere. See Additional

Notes, No, 22.

- In the reign of Charles the First, great attention was paid to

the making of salt-petre in England, Certain patentees were

authorized by royal proclamation to dig up the floors of all

dove-houses, stables, &c. the proprietors at tlie same time being

prohibited from laying such floors with any thing but mellow

earth.
'

Nitre is used in large quantities in the manufacture of gun-

powder, every 100 parts of which are composed of '/6 parts

nitre, 15 charcoal, and Q sulphur. The best account we have

of this manufacture was published by Mr. Coleman, the su-

perintendaut of the Royal Powder-mills, in the Phil. Mag.

vol. ix. 355 .

When it is considered that nitre was known, and in use, long

before it was distilled for aqua-fortis, or employed in the manu-

facture of guni)owderj what encouragement does this afford to

chemists, to investigate the properties of every new substance

which comes under their observation !
•

Nitrate of soda, according to Bowles, has been found na-

tive in Spain.

§ Nitrate of lime is generally found native with salt-petre.

This salt, if properly heated, becomes luminous in the dark,

and forms what is called Baldwin's phosphorus.
^
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all effervesce and give out the carbonic acid,

when treated with the stronger acids

*

.

Endeavour to emimeraie the principal carbonates,

or bases combined with this acid.

T’ne carbonates of barytes f, of strontian, of

lime
;j;,

of potass, of soda, of magnesia, and of

ammonia, are the principal carbonates that occur.

What are the generic characteristics of the

PHOSPHATES § ?

The phosphates are fusible cither into opaque
or transparent glasses ; are phosphorescent at a

* There are eleven species ofcarbonic salts at present known.
There are, however, only four of the native earths found com-
bined with this acid, viz. lime, barytes, strontian, and mag-
nesia.

Crystallized carbonate of lime may be known by its light-

ness, and by being found in rhomboids. Its specific gravity is

only 3.00, being the lightest of all the earthy salts.

f Carbonate of barytes was found native by Dr. Withering

in 1/83. It is not so scarce and dear as it was formerly)

and, from its superior affinity, may become a most useful ar-

ticle in the arts. Carbonate of strontian is found native at

Strontian in Scotland) carbonate of lime exists native in a

variety of states in great abundance : the other carbonates are

in general formed artificially.

\ Carbonate oflime is not soluble in water, unless the tvater

itself be charged with carbonic acid: it is by this means that

Nature effects a solution of calcareous masses, to form stalac-

tites, and other beautiful incrustations. Seepage! 63.

§ The only phosphoric salt which i.s found native is the apa-

tite, or phosphate of lime, which occurs in abundance in many

parts of tlic world.
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hifrh temperature
; are soluble in nitric acid

without eflervescence ; and are precipitable from

their solutions by lime-water.

Which arc the chief phosphoric salts P

The phosphates of lime
||, of soda% and of

II
Phosphate of lime is found in bones, milk, and some other

animal matters. See Note, page 172 . It is white, tasteless,

and insoluble in water. Entire mountains in Spain are formed
of tliis salt. It is composed of phosphcJiac acid 41 parts, lime

59 . It is prescribed by the French physicians as a specific in

the rachitis, to diminish the effects of acids which soften the

bones. Fourcroy, vol. iii. 34(3. See Bonhomme’s paper on
this subject in Annales de Chimie, tome xvii, . the cases which
he adduces are extremely curious.

Phosphate of lime exists also in the farina of wheat. La
Grange remarks, that a person who eats a pound of farina a day
will swallow 3 pounds 6 ounces 4 drams and 44 grains of
phosphate of lime in the year. It is a curious fact, that the

grain of wheat should contain phosphate of lime, while the

straw, which was not intended for our food, should contain

aarlonate of lime only.

It is remarkable, that, though phosphate of lime is always
found in the urine of adults, this salt is not ev'acuated by in-

fants. The rapid formation of the bones in the first periods of
life requires that there should be no waste of any of the phos-

phoric salts
j and Nature, ever provident, has provided accord-

ingly.

^ Phosphate of soda is formed artificially. It was first made
and recommended by Dr. Pearson. This salt is usedui medi-
cine as a cathartic, and is much pleasanter than either Glauber
or Rochelle salts. It forms very distinct small crystals; and is

»sed by some manufacturers as a flux, instead of borax.

T
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ammonia*, and the phosphate of soda and am-

monia, formerly called microcosmic saltf.

What are the generic characteristics of the

PJIOSPHJTJSS'lP

The phosphites yield a phosphorescent flame

when heated ; and in a strong fire give out a

portion of phosphorus, by which they become

converted into phosphates §. Tliey are fusible

by a violent heat into glass.

Eyidcavour to enumerate the principal phosphites.

The chief of them are ; the phosphites of lime,

of barytes, of potass, of soda, and of ammonia jj.

^ Phosphate of ammonia is found in urine, and is also pre-

pared by art to be used as an ingredient in making pastes, to

imitate precious stones. It is one ot the best fluxes lor experi-

ments with the blow-pipe.

•f-
Phosphate of soda and ammonia is found in human urine,

from whence it may be procured by evaporation in tlie state of

a triple salt.

I None of the phosphites have been found in nature j
they

are all formed artificially, by saturating the ditferent bases with

phosphorous acid, or by means of double decomposition. None

of tliem have yet been brought into use. Fourcroy distin-

guishes eleven species of the earthy and alkaline phosphites.

§ The affusion of nitric or oxygenized muriatic acid will also

convert tliese salts to phosphates.

[|,
Phosphite of ammonia exliibits several curious appear-

ances when treated.with caloric. For all the particulars, con-

sult Fourcroy, vol. iii. 405 . If heated on charcoal by means of

a blow-pipe, it boils and loses its water of crystallization
j

it

then becomes surrounded with a phosphorescent light, and
^
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What are the generic characteristics of the

FLUAXES?

The fluates are weak salts,yielding**, by means
of concentrated sulphuric acid, a vapour which
corrodes glass, and which, when condensed in

water, forms liquid fluoric acid. They are not

decomposable by mere heat, nor altered by com-
bustibles*.

Which are the chieffuoric salts ?

Fluate of lime f, fluate of soda, fluate of

bubbles of phosphuretted hydrogen gas are emitted, which
burn in the air with a lively flame, and form a fine coronet of

phosphoric acid vapour.

* The fluates were first made known by Scheele in 1771.
Some of them phosphoresce when heated,

f Ten varieties of fluate of lime have been found. They
are of different colours, owing to the different degrees of oxi-

dizement of die iron which they contain. If any of these co-
loured fluates be pulverized, and then heated on a shovel, they

will emit a violet phosphoric light, the cause of which is not
known. We have no means of dissolving fluate of lime in

water : but Nature dissolves it by some unknown process
j for

it is found in crystals, combined with its water of crj'stallization.

This crystalline substance is known by the names of Derby-
shire spar and Blue John. It is of various colours, and bears

an excellent polish : hence it is used in making ornamental
vases, &c. Where there are flaws or cracks in the mineral, I

am told the workmen have an ingenious method of filling them
tip with lead ore, which they execute so well, that it cannot be
discovered but by very close examination. Such specimens of
tlie mineral as are not fit for ornamental work, will answer very
well for the production of fluoric acid. The refuge of these

T 2
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arnrnonia* *; fiuate of alumine^ and fliiate of

silex.

What are the generic cliaincters of the donates?

The borates are all fusible into glass ; and^* with

most of the metallic oxides, form glass of dilTerent

coloursf . Concentrated solutions of some of the

borates, especially that of soda, alford, by the

strong acids, scaly crystals of boracic acid.

mines, is, I understand, collected in Derbyshire to be used as a

flux in the reduction of certain metallic ores.

According to some modern experiments, fluoric acid forms a

part of the human teeth
;

it is probably combined with lime.

It may be conjectured that this was a contrivance of Nature, to

give more durability to these important organs tlian they would

have had by phosphate of lime only,

Fiuate of lime is very abundant in nature. It is often found

in beautiful octahedral or cubical crystals. Tlie other fluates

are factitious salts, except fluate of alumine, which has lately

been fouitd in Greenland, in a mineral called the chrysolite of

Greenland. It contains also a large portion of soda.

* Fiuate of ammonia is a very delicate test of lime. This was,

first recommended by Sclieele,

•j- It is from the property which these salts- possess of fusing

mineral substances and metallic oxides, that they are used by

braziers, tin-men, 8cc. We employ sub-borate of soda to fuse

such stones as cannot be brought into fusion by tlie alkalies. In

analysing stones and minerals, the great art is to bring them into

solution. When this is effected, their component parts may

be readily separated by the different chemical re-agents. Mr.

Chenevix was unable to liquefy corundum by any means till be

made use of borate of soda..
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Can you enumerate the hbracic salts P

The principal are; the borates of lime;};, of

magnesia of potass, and the sub-borate of

sodajj. '

What is the distinguishing characteristic of the

Wlien heated wiih charcoal they are decom-

posed, and arsenic sublimes, which is known by
its alliaceous or garlic smell.

X What is called cubic quartz is a borate of lime and mag-
nesia.

§ Borate of magnesia has also been found near Lunenburgli.

Tire other borates are factitious salts.

II
This salt, which is the common borax of commerce, is

c.'illed sub-borate, because it contains an excess of soda. Ac-
cording to Bergman, it requires half its weight of boracic acid

to bring it to tlie state 6f a neutral salt. It is generally brought

from the East Indies in a state of impurity. The article is then

called tincal. Borax has also been found near Lunenburgh, in

the duchy of Brunswick, in a mountain of gypsum.

Borax is likewise found at the bottom of pools of stagnant

water, in the kingdom of Thibet. A particular account of the

management of the natives in procuring it may be seen in

Dr. Anderson’s Bee, vol. xvii. 22.

Boracic acid is found dissolved in, several lakes of Tuscany.

In the waters of the lake Cherchiago, near Monterotondo, in the

province of Sienna, this acid exists in .sufficient abundance to be

advantageously converted into borax, by soda. Fabroni, a

chemist of eminence in Florence, asserts that this acid is a mo-
dification of tlie muriatic, and that it may be totally formed by
means of the latter acid.
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Which are the chief salts formed '•ji'ilh arsenic
I

acid?

The arseniates of lime^ of barytes, of magnesia;,

of potass^, of soda, and of aramoniaf.

IVhat are the characters of the ruyosTATEs ?

The salts called tungstates are combinations of

the yellow acid of tung-sten with the alkalies
«/ ^

and earths. Most of them have a metallic and

causlic taste

Which are the principal salts formed with the

tungstic acid?

The tungstates of lime of magnesia, of pot-

ass, of soda, and of ammonia.

* Arseniate of potass may be formed by detonating in a

crucible a mixture of nitrate ofpotass and arsenious acid. This

salt does not crystallize, but if heated it melts into a white glass,

Scheele discovered that whenever tin is dissolved in arsenic

acid, hydrogen gas is evolved, holding a portion of arsenic in

solution. If ignited at the end of a metallic tube, this gas

burns with a peculiar kind of lambent white flame. ,

p Most of the arseniates are formed artificially
5
few of them

are used in the arts
j
though some of them have been employed

in calico-printing. They were first formed by Macquer. Four-

croy' is of opinion that the nature of these salts ought to be fur-

ther investigated. He imagines that the arsenic acid in some of

its combinations, will at some future day become of great

utility in manufactures.

^ We owe to Scheele the discovery of the salts of tungsten.

They have lately been described with great accuracy by Yauque-

lin, in Journal des Mines, No. ip*

^ Tungstate of lime, which is found native, is well known

to mineralogists : the otlier tungstates are formed by art.
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What are the generic characteristics of the

ACETATES

?

The acetates are all very soluble in water ; are

decomposed by the action of heat ; and afford

acetic acid when distilled with sulphuric acid.

W^hich are the chief acetic salts f

We liave the acetates of barytes
|j,

of potassli,

of soda, of lime"^, of ammouiaf, and of mag-

nesia.

What are the generic characteristics of the

OXALATES

?

The oxalates are decomposable by a red beat

;

lime-water precipitates a white powder from their

neutral solutions; which powder, after being ex-

posed to a red heat, is soluble in acetic acid.

II
Acetate of barytes has been employed as_ a chemical test.

It is the most delicate test that can possibly be for sulphuric acid,

and is peculiarly proper for the discovery of sulphuric acid in

vinegar that has been sophisticated by this addition. This salt

is, however, decomposable by the alkaline carbonates.

The acetates of potass, of soda, and of ammonia, have long

been known and prepared for medicinal use : the other earthy

and alkaline acetates have not yet come into use, e.xcept the

acetate of alumine, which is employed by calicoTprinters as a

mordant. Acetate of potass w^s known and described by Ray-

mond Lully.

* According to Pliny, acetate of lime was ased by the an-

cients in surgery. Lib. xxxvi. cap. 24.

t A solution of this salt has been used from a very early date

in pharmacy, under the name of Mindererus's spirit. It is nqt

crystollizable
j
for if evaporated with that intention it volatilizes

entirely.
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The insoluble oxalates are rendered soluble by
an excess of the more powerful acids* .

Can you enumerate the principal oxalic salts?

Oxalate of lime f, of barytes^ of potass of
soda, and of ammonia.

What are the generic characteristics of ths

T^RTR3.TSS ?

When the tartrates are exposed to a red heat,

the acid is decomposed, and the base remains.

The earthy tartrates are less soluble than the al-

kaline, but all are caoable of combinina; with

another base, and forming triple salts.

Can you enumerate the principal tartaric salts ?

The principal are; the tartrates of lime§, of

strontian, and of potass ; and the tartrates of po-

tass and soda, and of potass and ammonia.

* This genus of salts \^as first described by Bergrnan in hiS;

dissertation on oxalic acid.

f O.xalate of lime is one of the compounds most frequently

found in human calculi. Vauquelin, Annales de Chiraie.

I Oxalate of potass and oxalate of ammonia are both very

useful tests of lime. These tests never fail to discover the pre-

sence of lime, except that earth be supersaturated with muri-

atic or nitric acid— in either case it is necessary to take up the

excess of acid by the addition of caustic ammonia before using

the test.

Oxalate of potass is prepared in England in considerable

quantities for the calico-printers. It is found ready formed in

the juice of wood-sorrel, in the state of a superoxalate. The

other oxalates are not yet in use.

§ Tartrate oflime is found in the tartar of commerce
j
and

it is also formed by art, by adding lime or its carbonate to a
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What are the generic characteristics of the

CITR21TES ?

The citrates are decomposed by the strong

mineral acids ;
they yield traces of acetic acid

when distilled ;
and the oxalic and tartaric acids

decompose them.

Which are the principal citrates?

The citrates of lime, of barytes, of potass§, of

soda, and of ammonia |j,

JVhat are the generic characteristics of the

C3MPHORATES ?

The camphorates have generally a bitterish

boiling solution of cream of tartar. This latter salt is merely

the common tartar, or argol, purified, which adheres to the

inside of wine casks, and is brought in large quantities from the

wine countries. There is a considerable demand for it by the

dyers and other manufacturers 3
and both in the cru4e and

refined state there is an excess of acid, therefore they are pro-

perly called iz/per-tartrates of potass. Tartiute of potass and

soda is what is usually called Rochelle salt, or sd de Seignette ;

it is formed artificially by adding soda in crystals to a solution of

cream of tartar, till the excess of acid is saturated, A neutral

tartrate of potass i- also formed in our laboratories, cdled soluble

tartar. The other tartrates are made without any view to their

use in the arts,

§ The citrates are all formed artificially. Citrate of potass

is used much in medicine, and is usually callerl the saline

draught. The other citrates are not yet found to be of

any use.

1!
Tlie affinities of the citric acid are in the following order :

barytes, lime, potass, soda, strontian, magnesia, ammonia and

alumiiie.

I
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f tllGV arc decomposable bj beat, and burn
with a blue flame.

Which are the principal camphorates

?

The camphorates of lime, of potass, of soda,

of barytes, of ammonia, of alumine, and of
magnesia*.

What are the generic char'aciers of the

SUnF.nATES f

The several suberafes differ so much in their

properties, that it would be difficult to charac-

terize the genjus otherwise than by saying that

they generally possess a bitter taste, and are de-

composable by heat.

Which are the principal siibcrates P

Suberate of barytes, of potass, of linie, and of

ammonia f

.

* Camphoric acid saturated with potass forms crystals in re-

gular hexagons
5

with soda, irregular crystals
;
with ammonia

it forms needle-formed crystals
j
and with magnesia, a white

pulverulent salt.

These salts, which have not been applied to any useful pur-

pose, are also all farmed artificially. For an account of their

properties, consul t Fourcroy, or Tliomson’s System ofChemistry.

f The suberates, which are all factitious, are more or less

soluble : some readily crystallize, others with difficulty
; tliere

are some which remain pulverulent, whilst others are deli-,

quescent. "I'lie mineral acids decompose these salts, and pre-

ci[)itate from their solutions the suberic acid which separates

in the crystallized form. None of these salts arp yet come into

any use.
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What are the generic characters of the

prussjates ?

The prussiates are so variable in their cha-

racters, and so easily altered, that little attention

has been paid to their real nature. In the al'^

kaline prussiates the acid is united so feebly as

not to destroy their alkaline properties. The

triple prussiates are those most known, and most

useful.

Which are the principal prussiates ?

The prussiates of p(dass, and of lime, and the

triple prussiates of potass, soda, lime, or ammo-

nia, with iron ;
that of potass was formerly called

Prussian alkali ;j!.

How are these different salts known from each

othei' ?

They are known by the peculiar figure of their

J The pmssiates are all made by art, but the class is very

interesting. There are four ditferent prussiates of iron, which

ditfer from each other in consequence of the ditferent degrees

of oxidizeraent of the iron. Prussiate of lime and iron, or

prussiate of potass and iron, are used as tests to ascertain the

presence of metals held in solution. The latter, known by the

name ofPrussian alkali, is the best combination of the prussic

acid for detecting the existence of iron. It is of the utmost

importance to us as a re-agent, from its property of forming in-

soluble compounds with metallic oxides. By this property it

occasions precipitates in metallic solutions, which v.uy in co-

lour according to the kind of metal precipitated. For the

best method of preparing this test, consult Dr. Thomson,

vol. ii. 515 .
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crystals* by their taste, by their fusibility, and
other distinctive or specific characters.

Wlint is meant hy the figure of their crystals?

There is a g-rcat variety in the form of crystal-

lized salts
; and each salt preserves its own pecu-

liar form thus 'common culinary salt generally

crystallizes in small cubes,- and sulphate of soda

in six-sided prisms.

How is the crystallizaiioii of salts ejfected\?

When a certain portion of the water of solu-

* The chief work on this subject is, I believe, that of the

Abbe Hauy, to wliich I refer the student. See Additional

Notes, No. 15.

f When, either by the diminution of the quantity of the

liquid, or the reduction of the temperature, the force of co-

hesion causes a separation of a portion of the dissolved sub-

stance, in almost all cases the parts which are separated form
a regular arrangement

j
owing to the relation between their

figure and i-eciprocal affinity.—Hence those crystals which
Nature offers in such variety, and which are produced in so

great a number of chemical combinations.

The plates which continue to be added (either because the

crystal acts on the dissolved substance, or because the cause of

the separation continues to exist in the liquid) are composed of

nioleculae similar to the first, and continue to ausrment the bulk

of the crystal, preserving its first form
j

nevertheless, this in-

prease may be determined to one face in preference to another,

according to the position of the crystal and the circumstances

in which the solution is found. See Berthollet’s Chemical

Statics.

if
Crystallization is effected by means of water or caloric.
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tlon is evaporated^ and the remainaer left in a

proper temperature at rest, the salts will shoot

into crystals §, and will be - found dispersed

ihrouf^h the mother water at the bottom and at
tT'

the sides of the vessel jj.

one of which is necessary to keep the parts of the substance in

a state of minute division. In order that regular crystallization

may take place, it is necessary that the fluid, whetlier water or

caloric, or both, should be subtracted gradually. This gives an

opportunity for the parts of the substance to unite regularly,

according to their several attractions, and to produce legular

crystals, °such as Nature furnishes ;
whereas, a sudden abstrac-

tion of the fluid causes the particles often to unite in a shape-

less mass.

Sir Isaac Newton seems to have had a very clear idea of the

cause of crystallization. “ When,” says he, “ a liquor sa-

turated' with a salt is evaporated to a pellicle, and sufficiently

cooled, the salt falls in regular crystals. Before being col-

lected, the saline particles floated in the liquor, equally distant

from each other
j
they acted therefore mutually on each other,

with a force which was equal at equal distances, and unequal at

unequal distances
5

so, in virtue of this force, they must arrange

themselves in an uniform manner.” Optics, book iii.

§ The free access of air has considerable influence on ffiis

process. For if a saturated solution of any salt be pul into a

vessel' boiling hot, and then excluded from the air, it will cool

withoht cry.stallizing ;
but if the air be afterwards admitted it

will crystallize immediately. See Experiment, No. 17.

II
In large laboratories the salts of commerce are prepared

by evaporation and co ding, but it is necessary to vary the pro-

cess for almost every dilfereiit kind of salt. So much nicety

is necessary, that many maiiufactureris are nanch perplexed by
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What is meant hy mother water ?

Mother water is the liquor which remains

after a salt has combined with its portion of

water necessary for crystallization. By repeat-

ing the evaporation andcooling* * mother waters

generally aflord fresh portions of salt.

What is the cause of the crystallization of

salts ?

The crystallization of salts is owing to their

forming’ a chemical combination with a portion

of the water in which they are dissolved f ; in

this part of their business, till they have established each process

on the Ijasis of experiment.

Some valuable directions for crystallizing salts may be found *

in Dr. Campbell’s paper, in Nicholson’s Journal, 8vo, vol. ii.

117 . See also Le Blanc’s directions in the same work, vol. i.

ipj. also the Encyclopaedia Britannica, vol. iv. 443.

* For boiling down saline liquors in the large v/ay, leaden

boilers, or boilers made with plates of sheet iron rivetted to-

gether, are the most ])roper. The plates should not, according

to my experience, be more than nine or ten inches wide, made

of the best tough hammered iron, three-eighths of an inch thick

in the middle, and one- fourth of an inch thick at their edges.

If made with plates wider or tliinner, the bottom will warp,

and soon become useless. Common rolled iron will be suffi-

cient for the sides. These pans are manufactured best in Lan-

cashire and Cheshire, where there is a great demand for them

for the salt wiches. Boilers of cast iron would crack by th&

adhesion of the .salt to them.

f It must not be imagined that all crystallization is owing

to solution in water. Melted sulphur always crystallizes on
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'which combination the water parts w'ith its ca*

loric of fluidity and takes a solid form.

coolincT which is ths C3S6 with mfliiy slibstsnccs thst hsvc cn—

dured a strong heat. Many of the metals crystallize in this

way, particularly grain tin. Nothing can exemplify this kind of

crystallization better than muriate of lead, commonly called

patent yellow. It affords beautiful and regular crystals on

cooling. See Additional Notes, No. 23. If glass be kept in

a red heat for a long time and cooled gradually—instead of

being the transparent body we generally see it— it will crystal-

lize like metals. Starch is another instance of what may be

called dr^ crystallization ;
and probably, in all these instances,

k is owing to the shrinking of the substances by the loss of ca-

loric. Dr. Garnet accounts for the origin of basaltes in this

way (See his Tour to the Western Isles), lire Giants’ Cause-

way, in the county of Antrim in Ireland, is a most stupendous

natural curiosity of this kind. It is formed of perpendicular

pillars of basaltes, which stand in contact with each other.

The pillars are irregular prisms of various forms, from three to

nine sides
j
but they are principally hexagons. I'he appear-

ance of the whole is as neat as it is magnificent. The columns

at Fairhead are 250 feet high, arranged in die utmost regularity

and order
j
and from the base to the level of the sea diere is a

precipitous declivity of at least 300 feet, making together a per-

pendicular height of 550 feet. For a further account of this

most astonishing natural curiosity, I refer the reader to The

honourable M-s. Murray’s Companion to the Western High-

lands of Scotland,” and to “Dr. Kichardson’s Observations,”

in Nicholson’s Journal, vol. v. dto. 321. See also Additional

Notes, No, 14.

Basalt is now used in the manufacture of glass bottles. When

calcined and pulverized it imparts to mortar the property of

hardening under water.
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What is the water called which combines with

Salts during, their crystallization ?

It is called the water of crystallization *,

What quantity of water do salts combine with

during their crystedlization P

The quantity of water varies very much in

difterent salts ; for though some salts take up

very little water, others combine with more than

their own weight, which is the case with alum,

carbonate of sodaf, and some others.

Are salts as unalterable in their appearances as

they are in their chemical propwidics P

No : crystallized salts are liable to changes in

their appearance by exposure to atmospheric

* This water solidifies as the salt crystallizes, and becomes

itself a part of the salt. When abstracted from salts, it is found

to be as pure as distilled water.

f Take a portion of sulphate of soda (Glauber’s salt) and dry

it over a common fire, which will reduce it to less than half its

weight. Dissolve this dried salt in three times its weight of

boiling w'ater,- set the liquor aside, and, when cold, beautiful

cj^'stals resembling the original crystals w'ill be found in the

liquor. By an attentive examination of the liquor, the crystals

may be seen to form as the liquor cools. This is a cheap and

easy experiment, and may be exhibited to the pupil as an ex-

ample of crj'stallization in general.
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air|. Thus some salts deliquesce, and others

effloresce, so as to lose their crystalline form en-

tirely by such exposure.

JVhat is meant hy the DELI(iUEscE^^cE of a
salt f

Some salts have so c;reat an affinity for water,

that they absorb it with avidity from the atmo-
sphere. Such salts thereby become moist or li-

quid, and are said to deliquesce, by exposure to

atmospheric air§.

IVhat IS meant hy the efflorescence of a
salt F ^

Some salts, having less affinity for water than

X A 1 able of the Action of Atmospheric Air on Salts.

Potass

Soda

Carbonate y
of pota.ss J

soda

ammonia
lime

magnesia
“^ulphate of y

potass J

soda

lime

ammonia
magnesia

1

Deliquesces

Sub-cleliquesces

If in crystals,

none
Effloresces

None
Nona
None

None

Effloresces

None
Sub-deliquesccs

Effloresces

jNitrale of y
j

potass /
j

soda

j
ammonia

; — barytes

1

—~ lime

magnesia
Muriate of y

potass J
'• soda

1

—— lime

i
ammonia
barytes

magnesia

None

'ulj-dclique.sces

Agglutinates

f ^ lightly ef-

l florescent

Deliquesces

Deliquesces

None

None
Deliquesces

oiilj-deliquesces

None
Deliquesces.

§ Some deliquescent salts' have so little force of cohesion,
that the action of water, however small the quantity, is suffi-
cient to prevent their crystallization

; but even such salts may
be crystallized by the addition of alcohol, for which the water

V
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atmosj)heric air*\bas, lose their water of crystal-

lization by exposure, and readil y fall into pow'dcr;

such salts are said to effloresce. Carbonate and

sulphate of soda are good examples of this

property.

Ai'e salts capable of any other changes besides

efflorescence and deliquescence?

Yes: salts have the properties of solubility

f

and fusibility.

What is meant by the solvbility of a salt ?

It is their capacity to unite with, and remain

has a greater affinity than it has for the sahs. Whenever alco-

hol therefore is added to such saline solutions, part of the water

is taken up by the alcohol, and crystallization takes place.

This shows that these salts do possess in themselves an active'

cohesion of parts.

* Muriate of barytes, muriate of soda, and some other salts

seem to have exactly the same affinity for water that atmo-

spheric air has. Such salts neither effloresce nor deliquesce by

any exposure to the atmosphere.

•[- 'I’able of the Comparative Solubility ot some ot the

Common Salts,

Salts-

Solubility in

too parts of

water. Salts.

Solubility m
100 parts of

water.

at 00“. at 21 2“ at 60“. at 2 12".

Sulphate of potass

soda

lime

ammonia
n^ag-nesla

Nitrate of potass

soda

6.25

07.

02
50.

100.

1 4.25

S3.

20,

125.

0.22

100.

133.

too.

100.

Muriate of potass

soda

lime

— ammonia
Carlvin.ate of potass

soda
ammonia

33.

.35.42

200.

33.

25.

50.

50.

36.16

83.33

100.

100.
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suspended in water
; but the different salts possess

different degrees of solubility;};, requiring more

or less of this fluid for their solution.

fVhat is meant hy the fusibility of a salt?

Salts have not only the property of dissolving

in water, hut will melt by exposure to great heat.

The different salts require different degrees of

heat to put them in a state of fusion §.

X We generally denominate all salts as insoluble, which re-

quire for solution more than 1000 times their weight of water.

The most general rule for judging of tlie solubility of a salt is by
its taste. Those salts which have the most taste ai'e generally

tlie most soluble in water.

This difference in the solubility of salts is of great use in

separating them from each other. The refiners of saltpetre

operate entirely on this principle
j

for the rough petre, as it is

cahed, is always contaminated with a portion of muriate of soda

and other salts. In order to separate them they dissolve the

whole in water, and then by boiling the solution to evaporate

a pai t of the water, the muriate of soda, &c. falls down, while
the saltpetre is held in solution. When the greatest part of
these salts is thus separated, the remaining liquor is suffered to

cool, and the nitrate of potass is obtained in crystals. See
Additional Notes, No. 22.

Most salts dissolve more copiously in hot than in cold water.

Muriate of soda, or sea-salt, is almost the only exception to this

general law. Was this deviation of Nature contrived in re-

ference to the waters of the ocean ?

§ Tables of tlie fusibility of different salts have not yet been
formed; but with the aid of Wedgwood's pyrometer it would
he no very difficult task to ascertain the degree of fusibility

of each. The relative fusibility of several of them is already
known; for instance, it has been ascertained that sulphate of

u 2
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Hove the different sails any action upon each

oilier?

Yes : we have many instances of salts mutually

decomposing each other.

JVhat takes place in these decompositions ?

When such salts are mixed in solution, the

acid of the Jirsf,, having more affinity for the base

of the second than for its own base, unites itself

to it, while the acid of the second combines with

the base of the first; so that two new salts are

produced, differing in appearance, and possess-

ing properties different to those of the original

salts.

What is the cause of this cjfcct ?

It is occasioned by' chemical attraction, and

the operation itself is called double decomposi-

tion, or the effect of compoundaffinities* *.

potass requires a much more intense heat to put it in a state of

fusion than sulpliate of soda; whereas nitrate and muriate of

soda melt as soon as they become red. Some salts acquire fusi-

bility by the loss of a part of their acid. Thus caustic alkalies

are incomparably more fusible than carbonate of potass, or soda.

In decomposing sulphuric salts in the large way, I have often

hastened the process by the addition of a few shovels full of

quick-lime ;
but whenever this is had recourse to, the utmost

caution is necessary in the management of the fire
;
as the alkah

becomes, by this means, more liable to vaporization.

* 'Ihose who wish to investigate this subject may consult

Dergman’s treatise on “ Elective Attractions,” or Fourcroy's

last System of Chemical Knowledge. See Nicbolson'S Trans-
'

lation of the latter work, vol. iv,
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What use is made of these decompositions ?

Bv these means many valuable salts are pro-

CJired for the use of the chemist and the ma-

niifacturer, which can be formed in no other

way f

.

JVhat knowledge have we attained respecting the

native salts ?

Many of the salts are found native
; and since

the science of mincralog-y has been so much cul-

tivated, great attention has been paid to these

natural productions^.

IT hat salts arefurnished hij nalitre in the great-

est alntndance P

.
The carbonates, the sulphates and the muriates,

are most abundant; but some of the nitrates, l>o-

rates, &c., are also found native,

11^hick of the carhonates have beenfound native P

Of carbonate of lime§ there are immense

t The following are some of those useful salts which are not
found native, but arc formed entirely by art :— sulphate of am-
monia, nitrate and muriate of barytes, nitrate of ammonia,
oxygenized muriate of potass, phosphate of soda, phosphate of
ammonia, &c.

+ Fourcroy is of opinion, that in proportion as fossils are

examined, all the salts which art can fabricate will be found
native.

§ Chalk, limestone, and marble are all included in the terra,

carbonate of lime. The late experiments of Sir James Hall
have thrown great light on the formation of these natural pro-
ductions. See Edinburgh Phil. Trans, vol. vi.

Carbonate of lime is found also in a crystallized state, called
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mountains in most parts of the world
; carbonate

of barytes has been found in Lancashire and else-

where ; carbonate of strontian, at Strontian in

Scotland
; carbonate of soda, in the natron beds

of Egypt, and in the East Indies
; and carbonate

of potass, as well as the carbonate of soda, has

been discovered in somespring** waters

fFhai sulphuric salts arefound native?

Sulphate of soda is found in sea-water and in

salt springs*; sulphate of magnesia, in spring

waterf ; sulphate of alumine, in abundance at

calcareous spar. It has never yet been crystallized by art. This

process of Nature, for ought we know, may require many ages

to effect.

* According to the analysis of M. Lavoisier, the proportion

ofsulphate of soda in sea-water is very small. Some time ago

Mr. Hume analysed the famous mineral-water at Godstone in

Surry, and found it to contain l(50 grains of sulphate of soda

per gallon.

•j- Sulphate of magnesia and sulphate of lime are both very

common in our spring waters , the last salt and supercarbonate

of lime are the chief causes of what we call hard waters, which

are very unwholesome and unlit for washing. When soap is

used with these waters a double decomposition takes place j

the sulphuric acid of the selenite unites with the alkali of the

soap and forms sulphate of potass, or sulphate of soda, which

remains in solution, while the magnesia or lime unites with

the tallow and forms an insoluble compound which swims upon

the surface of the water like curds. In this way hard waters

require much more soap for any given purpose than rain water,

or waters which do not contain these earthy salts. Such waters

are also unfit for boiling any esculent vegetable
;
but they may
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WJiitby ; sulphate of barytes^ in Derbysliire and

other parts of the world ; sulphate of stronlian,

in the neighbourhood of Bristol ; and sulphate

of lime is an abundant mineral in the vicinity

of Paris and in several of the counties of Eng-

land j;.

be rendered soft by adding to them a very little carbonate of

Boda, or carbonate of potass, 24 hours previous to their use.

By this addition, a double decomposition will be effected, and

the carbonate of lime, a very insoluble salt, precipitated.

The property which sulphate of lime has of setting into a

compact mass when mixed with water was well known to the

ancients.

Herodotus informs us of a curious method by which the in-

habitants of Ethiopia preserved the remembrance of their de-

ceased relatives. They had the custom, he says, of drying the

body in the sun, then covering it w'ith a paste of gypsum, and

afterwards painting the portrait of the deceased upon die plas-

ter covering Uiat encrusted the real body.

X Sulphate of lime is gotten in great abundance at Chelaston

near Derby, and at Beacon Hill near Newark. At the former

place 800 tons are annually raised , it is sold at 5s. per ton on
the spot. The price at Gainsbro’ is 8s. per ton. This mineral

is much used in Derbysliire for making the floors of cheese-

chambers, store-rooms, granaries, dec. They burn the gypsum,

grind it to powder, and then mix it with w'ater. In this state

it is laid upon the floors about 2[ inches thick, and when dry is

a smooth and durable flooring. The whole expense is generally

less than H. 6d. per square yard. Gypsum is also found in most

of the cliffs of the Severn, especially at the Old Passage near

Bristol. For the London market, perhaps, it might be gotten

cheapest from the Isle of Sheppy, where it may be had in

abundance.
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What native muriatic sails are there ?

Muriate of lime and muriate of magnesia are

found in abundance in sca-nater*'; muriate of
ammonia appears in the neighbourhood of volca-

nos
; and muriate of soda not only exists in im-

mense quantilies in the ocean f, but vast moun-

* 'Ihe magnesia ofcommerce is generally procured from this

source. It is prepared in great quantities in the island of
Guernsey, and elsewhere,

t In the south of France large trenches are cut near the sea,

which fill with sea-water at high tide; the w'ater being confined

there by flood-gates, the sun evaporates it and leaves the salt

in tlie trenches, from whence it is laid up to dry for use. Ni-

cholas has published a long memoir on this manufacture of salt,

in Ann. de Chimie, tom. xx. /8— 188.

Dr. Shaw gives an account of salt-works on the coast of

Syria, where the rocks on the sea-shore have been hollowed

into- salt-pans 2 or 3 yards long. By continually throwing in

sca-w'ater, as the aqueous part evaporates, a large quantity of

salt gradually forms at the bottom. Travels in Barbary, last

edition, page34'J.

The ocean contains from -jt^th to about of its weight of

salt. On account of the cheapness of fuel at Newcastle, salt is

procured there by the evaporation of sea-water. They evapo-

rate 30 or -10 tons of water to procure one ton of .salt.

At some places iiy Cheshire, they draw the brine from the

sail-pits and saturate it w'ith rock salt previous to its being boiled

down. The port of Liverpool is supplied from these wiches,

where, it is sold for Is. per cwt., for exportation. According

to lord Dundonald, 100 tons of a saturated solution of rock salt

in sea- water contain 23 tons of salt.
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tains in different parts of the world are entirely

formed of this salt;];.

Which of the nitric salts arefound native ?

Nitrate of potass is found in various parts of

the world; nitrate of magnesia sometimes occurs

In Sweden they freeze the sea-water, throw away the ice,

and boil down the remainder to salt.

In the landgravate of Tlmringia in Saxony a new' method has

been adopted in the manufacture of sa t. A number of vessels

of wood are placed firm upon posts G feet from the ground,

which n)3y be covered or uncovered in an instant by a moveable

roof, accordingly as the weather is dry or rainy. In this man-

ner salt is obtained by the mere heat of the sun, and such salt

is much purer than that which is procured by evaporation iu

boilers, Nicholson’s Journal, dto, vol. ii. 72.

d “I’lie salt-mines near Cracow in Poland, which have been

worked ever since the middle of the ihirteentli century, contain

an iraiiiense store of this salt. I'he excavations have been

made with so much regularity and beauty, tliat these mines are

visited by ti'avcllers as one of the greatest curiosities in tire

world. Eight hundred workmen are employed in them, who
raise 168,000 quintals of salt annually. 'Ihrough the enormous
mass of salt, which presents to the eye no interruption in its

SHtine texture, and at the depth of 450 feet, flows a stream of

pure, fresh, and transparent water, which is received in large

wooden vessels, where the workmen and horses of these sub-

terranean regions quench their thirst. As it was impossible

that this spring could filter through the salt, Natuie, who
buries her ma.slcipieces in the bowels of the deepest mountains,

has plated in this monstrous mass a stratum of clay sulficiently

thick to allow the stream of w'ater, .destined to refresh the

workmen, to pass through it in such a manner as to be pror
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in combination with that salt; and nitrate of

lime is found in calcareous stoneS;, and in mineral

springs;—these are the only nitric salts that have

been seen native in any large quantities.

Are any other of the saltsfound native ?

Yes: vast rocks in Derbyshire and elsewhere

are formed of fiuate of lime *'; borate of soda is

found in a crystallized state in the kingdom of

Thibet ; and phosphate of lime, which is the

basis of all animal bones, exists native in Hun-

gary, and composes several entire mountains in

Spain.

How do you imagine that these immense masses

of salts have heenformed by nature f

The vast mountains of salts which occur in

various parts of the earth were probably formed

in very remote ages, and by processes of which

we can form no idea. It may be supposed that

these changes have been slow and gradual, as

several of the native salts exhibit marks of regu-

tected from the action of the salt, of which a very small quan-

tity would injure its salubrity. See an interesting account of

these mines in vol. x. of the Phil. Mag.

* This crystallized substance is used for vases and other

ornamental work, some of it being extremely beautiful. It

obtained the name ofJluor spar, on account of its being readily

fused. It has also been called vitreous spar, because when

fused it has the appearance of glass. It is generally found
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]aritv and beauty in their crystallization,, which

cannot be imitated by artf.

Have geologists attempted to accountfor the pro-

duction of the immense quantities and varieties of

salts found in different states in various parts of
the earth?

The cause I of this order of things can only be

in very regular cubical crystals, and of various colours. See

page 275.

f In order to account for these productions of nature, various

thecries of the world have been formed by philosophers in dif-

ferent periods. Some of these have had many supporters.

Thus we have had the theories of Burnet, Woodward, Whis-

ton, Buftbn, Whitehurst, La Place, and other neted geolo-

gists.

The theories which divide the opinions of the present day,

.
are those of Hutton and Werner. The former supposes the

agency of fire, and is called the Plutonian system
;

the latter,

which attributes all the present appearances of the globe to the

effect of water, is called the Neptunian system. I'he reader

may become acquainted with the arguments which have been

adduced in support of both these theories, by means of the fol-

lowing works, which cannot fail to prove extremely interesting

to those who are fond of such inquiries : “ Playfair’s Illustra-

tion of the Hutconian Theory of the Plarth," 8vo, 1602
5 And

" An Examination of Playfair, by Mr. Murray of Edinburgh.”

j We have abundant reason to believe that nothing is fortui-

tous, but that every thing upon this fair world of ours is the

effect of design
;

for every thing around us bears evident marks

of the skill and beneficence of its Omnipotent Author. Is it

not then reasonable to infer, that the formation of the whole of
the globe entered into the divine plan

j
and that the constitu-

tion of the interior of its mountains resulted from the determi-
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referred to the will of the Creator, who has seen

fit, in the composition of many of the 'moun-

nation of infinite wisdom, and must have important uses in

some future period of the world ?

—

“ For lives the man whose ujiiversal eye

Hath swept at once the unbounded scheme of things
j

Mark’d their dependence so, and. firm accord.

As with unfaultering accent to conclude

That this availetli nought ?”

It is probable indeed that the profusion of earthy and alkaline

salts which occurs in the more elevated parts of the eartlr may,

among other purposes, have been intended as magazines for the

future renovation of the soils in their vicinities. They are in

general of a nature to be washed down by the rains and, by

means of rivers, &c., are sometimes transported to considerable

distances from their. nati\e beds. It is remarkable that these

salts are generally found only in the secondai-y mountains, the

materials of the primitive rocks being entirely different. These

latter contain no remains of organic bodies whatever, and are

composed, for the mo->t part, only of five ingredients, viz.,

quartz, alumine, lime, magnesia, and iron
;
of which quartz is

by far the most abundant and universal. Though a comparative

softness has been given to the secondary mountains, which thus

appear to have been designed for the successive, production of

alluvial depositions, the renovation of soils, &c., the rocks of

granite, the pillars of the globe, are so extremely hard, that it

is imagined they would resist the constant wa.shingof the ocean

for age.s without any apparent diminution. Where they were

oiiginally fixed by the i and of Nature

—

“ They still remain.

Amid the flux of many thousand years,

,. I’liat oft has swept the toiling race of men.

And all tlieir laboured nionumcnts away.*'
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tainous parts of the globe, to prefer these com-

pound substances to the simple and inert earths.

In this arrangement we perceive nothing like a fortuitous

concourse of atoms, but, on the contrary, the same satisfactory-

marks of qontrivance, which obtrude themselves upon us when-

ever we stud)' the phaenomena of the world, or behold any of

tlie great operations of Nature,
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CHAP. IX.

OF SIMPLE COMBUSTIBLES.

is a SIMPLE substance?

lliose bodies* which have never yet been de-

composed nor formed by art arc called simple

substances.

How many simple siibstances are there ?

The simple substances at present known do not

amount to 50 f; they are sometimes called radicals.

* The most minute particles into which any substance can

be divided similar to each other, and to the substance of which
they are parts, are termed tlie integrayit particles: thus the

smallest atom of powdered marble is still marble
5
but if the

lime, the carbon, the oxygen and the hydrogen of this marble

he separated, we shall then have the slcmentary or constituent

parlicks.

Suppose a little common salt were reduced to powder, even

though it be ground as line as could Ue effected by art, still

every single particle, how'evor nrinute, would consist of a par-

ticle of soda and a particle muriatic acid common salt being

a cornpouTid body incapable of decomposition by mechanical

means. But if w'e take a piece of suijrhur, and pulverize that

in the same way, every particle will be a hoiijogeneous body,

sulphur being one of the simple substances.

f II thete substances were all capable of combining, the com-
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Canyon enumerate the simple siibstances f

All the simple substances that we are acquaint*-

ed with are ; light, caloric, oxygen, nitrogen,

muriatic acid, nine earths, the four simple com-

hustibles, and twenty-three metals^.

Is it well ascertained that these are all simple

suhstances f

It is possible that some of these bodies may be

compound ; but as no mode has yet been disco-

vered of decompounding any of them, it will be

more conducive to science, to consider them, for

the present, as simple undecoraposable bodies §.

pounds formed by them would amount to a great many thou-

sands
5
but many of them cannot be united to each other.

\ If we omit the earths and alkalies (and there is some rea-

son to suppose that these are compound bodies) most of the

simple substances are combustible, or bear some relation to

combustion, either as products or supporters of combustion.

Light and caloric are evolved during combustion
5
oxygen is the

principal agent of combustion
5
and hydrogen, nitrogen, sulphur,

phosphorus, carbon, and the metals, are the subjects, or the

true instruments, of this process.

§ It is curious that most of those substances which were

thought by the old chemists to be the elements of all other bo-

dies, are found by our improved methods of experiment to be

more or less compounded ;
while, of those which were form-

erly ranked among the class of compounds, there are a great

number that are really not decomposable, and can only be

placed among the simple bodies. Air, fire, water, and earth

were by the ancients called tlie elements of the globe : modem
chemistry has demonstrated, that the three first of tliese are

really compound bodies
;
and there is reason to believe that the
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Having already examined the nature of all these

substances, except the combustibles, we shall now

enter upon the consideration of that class of bodies.

—Endeavour, therefore, to enumerate the simple

COMnUSTJBLES.

Besides themetals* * there are four simple com-

bustibleSj viz. hydrogen^ sulphur, phosphorus,

and carbon.

Why are these substances called simple com-

bustiblcs f

They arc called simple because we have no

proof that they are compounded : whereas oil,

spirit of wine, wax, tallow, and other combus-

tible bodies are well known to consist of two in-

gredients at the leastf.

Jt iviil be necessary to examine each of these sid)-

sfances separately

:

—therefore, what is the nature

of iiydrogeb \

latter is also a compound.- On the other hand, sulphur, phos-

phorus, casbort, and the metals, which we call simple substances,

were supposed formerly to be compounds.

* The metals ought 'to have been included in Lliis chapter

•« iih the other simple combustibles
;
but as several ot tlieir

properties are so very d.tferent to the four substances now de-

scribed, it was thought most advisable to treat of them sepa-

rately.

-j- For the nature of the compound combustibles, consult the

chapter on Combustion.

J Mr. Cavendish was the lirst person who examined hydro-

gen gas and pointed out its nature. Dr. Black then suggested

the propriety of applying it to the inflation oi air-balloons
3
and
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Hydrogen is the basis of Avhat has been gene-

ralh' called inflammable air§,; and is one of the

component parts of water [[; but it cannot be

Mr. Cavallo was the first who put it in practice. This gas is

about twelve times lighter than atmospheric air.

§ Like all other combustibles, hydrogen will not^burn un-

less in contact with atmospheric air, or some substance that

contains oxygen. If a portion of atmospheric air be mixed with

this gas, and fire be applied, it will explode with violence. It

is related of Pilatre de Rosier, that having mixed one part of

common air with nine parts of hydrogen gas, and drawn the

mixture into his lungs, it caught fire by accident as he respired

it, and the'whole of the gas exploded in his mouth and nearly

deprived him of life. The shock was so violent, that at first he

thouglit the whole of his teeth had been driven out, but fortu-

nately he received no lasting injury whatever. Being myself

engaged some time ago in a process in which a large quantity of

hydrogen gas was evolved, and haring incautiously brought a

lighted candle too near tiie apparatus, the whole exploded with

a tremendous crash
j
and several very large glass receivers were

shattered into ten-thousand pieces, and driven in all directions

about thc' laboratory. Such accidents should be noticed in every

elementary chemical work, in oi’der to inspire the young pupil

with caution when operating on such substances;

II
Hydrogen is the most infiammable substance we are ac-

quainted with
j that is, it combines with more oxygen than any

Ollier body, and occasions more heat by its combustion. It

may'be remarked that oxygen is mild when in the proportion

of 2<2 percent, in atmospheric air, and highly corrosive in the

proportion of 70 per cent, in nitric acid; or even in that of 40
per cent, in sulphuric acid

;
—How is it, then, that it is found in

the ratio of 85 per cent, in water, and that this' compound,
compared with the others, should be perfectly mild and inno-

eent ? Instances of a similar accommodation of the elementary
’

4

X
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exhibited in a separate state. We therefore kno^Y

it only in combination with other substances, or

in the gaseous form, that is, with caloric.

In what other compounds is hydrogen an ingre-

dient ?

Hydrogen gas may be combined with water,

sulphur, phosphorus, or with carbon.

'substances have been adduced} and though we cannot com-

prehend the nature of their operation, we can perceive that the

ultimate end of the Creator is the convenience and the happiness

of his creatures. See pages 75, 76, and 224. Most oxidized sub-

stances, when taken internally, act perceptibl yon the system
;

yet water, the most oxidized of all others, has comparatively

little influence, because its oxygen is so forcibly retained by

the hydrogen. Had the affinity of hydrogen for oxygen been

as feeble as that of nitrogen and oxygen, what is now the most

salubrious beverage would have operated as a corrosive poison,

Berthollet has shown that at all temperatures there is a greater

disposition in hydrogen than in carbon to combine with oxygen.

Chemical Statics, vol. i. 244.

A mixture of oxygen and hydrogen gases produces the most

powerful heat yet known. This may be shown by preparing a

bladder full of each of these airs, and forcing some out of each

into a common tube connected with both, and throwing a stream

of the mixed gases on burning charcoal, or on any other sub-

stance in the act of combustion. These bladders should each

be furnished with a small metallic pipe and stop-cock, and the

tube connecting with both should have a very small orifice, in

order that a regular stream of the commixed gas may be thrown

on the burning substance. In performing this experiment all
'

solid vessels should be discarded, for fear of an accident by ex-

plosion. When bladders are used no damage can arise, even

if such an accident should liappen.
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JFhat is the nature of the compound of hydro-

gen and ivater ?

Vt/ liter may be made, by pressure, to absorb a

considerable portion of hydrogen gas. It is called

hydrogenated water, and is said to be useful in

medicine*.

JVhat is the nature of the compound of hydro-

gen and sulphur F

^

Sulphur dissolved j[,n this gas forms sulphuret-

ted hydrogen gasf, which is a very fetid elastic

fluid, somewhat heavier than atmospheric air,

and soluble in water.

* By pressure, water may be made to absorb near a third of
its bulk of hydrogen gas. It is said that water, thus impreg-
nated, is useful in inflammatory fevers and other complaints

which require similar treatment.

t To obtain sulphuretted hydrogen gas, melt together in a

crucible three parts by weight of iron filings and one of sulphur
j

reiluce the mass to powder, and put it with a little water into

a glass vessel with two mouths : lute one end of a crooked glass

tube into one of these mouths, and let the extremity of the tube
pass under a glass jar in a pneumatic trough, the jar being in-

verted and full of water. Then pour diluted muriatic acid through

the other mouth of the vessel, which must immediately be closed

np. Sulphuretted hydrogen gas will now be disengaged in

abundance and flow into the glass jar, displacing the water.

According to Thenard, this gas is composed of 70 parts of
•ulphur and 30 of hydrogen. See Berthollet’s paper on this

gas in the Ann, de Chimie.

Water impregnated with sulphuretted hydrogen gas is of use
to separate some metallic oxides when in solution. Thus, if it

be added to a solution of acetate of lead, the lead will be pre-

•pitated ot a deep brown colour.

X 2
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What are the properties of sulphuretted hydro-

gen gas ?

Sulphuretted hydrogen gas* possesses all the

characters of an acidf; it combines with

* This gas was long known by tlic name of hepatic gas, be-

cause the substances from which it was first obtained were

called hepars, or livers of sulphur.

When this gas is set on fire in contact with oxygen gas, it

burns with a pale blue flame without exploding. It will of

itself extinguish burning bodies, and destroy animals which are

made to inhale it.

Sulphuretted hydrogen gas is decomposed by atmospheric

air. The oxygen of the atmosphere combines with the hydro-

gen and forms water, while the sulphur is precipitated. The

sulphur which is found in the neighbourhood of mineral springs

originates from this cause.

The fetid smell which arises from house-drains is owing in

a great measure to a mixture of diis gas witli other putrid efflu-

via. As the diffusion of this noxious matter within our dwell-

ings tends to produce disease and mortality, it cannot be too

generally known that a cheap and simple apparatus has been

contrived for carrying oft' tlie waste water. See., of sinks, and

which at the same time prevents the possibility of any air ever

returning back into the house from thence, or from any drain

which may be connected with it. It is known by the name of

a stink-trap, and may be had of some of the ironmongers in

London.

j- As sulphuretted hydrogen gas is formed without oxygen,

and yet possesses strong acid properties, it seems to overtlirow

the doctrine of Lavoisier, who asserted that oxygen was the

only principle of acidity. Muriatic acid also has not yet been

proved to contain oxygen. \

Sulphuretted hydrogen is capable of combining with an ad-

ditional portion of sulphur, forming a compound which, may
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earths];, alkalies, and with several of the metallic

oxides; and fornis with them those substances

called liydrosiilpUurets. '*
;

What are the properties of the hydrosiilphurets?

,
The hydrosulphurets arc soluble in water, and

their solutions precipitate the metallic oxides

from metallic solutions, ^ Exposure to the air de-

composes these hydrosulphurets when dissolved

in water §.

be called super-sulphuretted hydrogen. For its properties see

Murray’s Chemistry, vol, ii. 451.

t We have a mineral called swinestone, (or fetid carbonate

of lime,) which is so fully impregnated with this compound,

that, if it be merely rubbed, the disagreeable odour of sulphu-

retted hydrogen will be very perceptible.

§ The waters of Harrowgate, Aix la Chapelle, and others

of a similar nature, owe their medicinal properties to sulphu-

retted hydrogen gas and muriate of soda. The salt of hitumen

of the Hindoos, which is almost the only article of Hindoo

physic, and is sold in every village, is chiefly composed of mu-

riate of soda and sulphuretted hydrogen. It is taken by these

people for every complaint. Their farriers give it to the horses,

and seem to understand the principle on which it acts ; for

when they have given a dose to the animal they always give

him water to extricate the gas. Henderson on Hindoo Physic.

Secret correspondence has often been carriecl on by means of

Harrowgate water. A letter written with a solution of acetate

of lead is illegible ;
but if it be dipped in this water, the writing

will appear, and shortly become almost black. Hydrogen has

the property of reviving metallic oxides
;
hence ladies who have

used metallic cosmetics, have become dark tawneys by batihng

in these waters. See a note on Bisniuth, chapter x.
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What is the natu'ne of the comUnation of hydro-

gen and phosphorus F

Hydrogen gas when combined with phospho-

rus forms phosphuretted hydrogen gas*. This

gas has a fetid putrid smell, and takes fire

whenever it comes in contact with atmosplieric

airf.

* Phosphuretted hydrogen gas may be formed by boiling a

little phosphorus in a solution of pure potass. The water is

decomposed thereby, and flirnishes the hydrogen. The retort

should be nearly filled with the solution, otlierwise the gas

will inflame, ... . ,,

T. his gas may be formed by introducing phosphorus into a

glass jar full of hydrogen gas standing over mercury, and melt-

ing the phosphorus by means of a, burning glass. . It burns with

great rapidity in common air, but in oxygen gas the combustion

is extremely brilliant. If bubbles of this gas be made to pass

up through water, they explode in succession as they reach the

surface of the liquid, and a beautiful coronet of white smoke

is formed, which rises slowly to the ceiling of the room. This

gas is the most combustible substance known. Thomson,

vol. i. 66. ; .

Mr. Davy forms this gas by decomposing -water with zinc

and sulphuric acid, and adding to the mixture small pieces of

phosphorus. But as some management is necessary in order to

conduct the process successfully, I refer the reader to his paper

in Nicholson’s Journal for April 1 80'2.

The facility with which phosphuretted hydrogen gas inflames

is no doubt owing to the phosphorus being so minutely divided

by the hydrogen.

f If bits of phosphorus be kept for some hours in hydrogen

gas, phosphorixed hydrogen gas is produced, having somewhat
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What is the nature of the comUnation of hydro-

gen with carbon f

Carburettcd hydrogen gas I is carbon dissolved

in hydrogen ; this has likewise been called heavy

inflammable air§.

of the smell of garlic. If bubbles of it are thrown up into

oxygen gas, a brilliant blueish flame will immediately pervade

the whole vessel. This slow combustion is owing to the gas

containing less phosphorus than the phosphuretted hydrogen gas.

It is this gas which is often seen hovering on the surface of

burial grounds, known by the name of will-o-the-unsp,

“ On distant swampy heath I see

A will-o-wisp ah luckless he.

Who to next hamlet bends his way !

That glimpse will lead him far astray.”

+ In hot weather this gas is formed at the bottom of stag-

nant waters, and may readily be collected at their surface, by

suspending a bottle of water over the pool^ similar to the de-

canting of gases over a pneumatic trough, and stirring up the

mud to disengage the carburetted hydrogen.

This gas generally contains a portion of carbonic acid mixed

with it. Both these aeriform fluids are produced by the de-

composition of water by putrid animal and vegetable matter.

Such decompositions take place chiefly when the sun shines

upon these waters, caloric being necessary to all gaseous com-

pounds.

Carburetted hydrogen may be formed artificially by exposing

charcoal in glass vessels filled with hydrogen gas to the rays of

the sun. It is invisible, elastic, and inflammable. The pro-

portions of carbon and hydrogen vary according to the processes

by which the gas is obtained.

§ This gas is procured from pit-coal by dry distillation for the

purpose of forming the thermo-lamp, and is now proposed to
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- Wluit is the origin of SULPHUR? '
'

Sulphur is found in most parts of the world*
combined with metals, from which it is procured
by roasting^; it also flows from volcanos; it is

sublimed from the sulphureous grounds in Italv,

be employed for lighting the public streets, light-houses on . the
£ea coasts, mines, manufactories, &c. See page 17. One
pound 6f coal yields about 24 gallons of this inkamm^b^e gas,
and the remainder serves for fuel, it being excellent coak. Its
combqstible property, and .that it serves for

'

the pdijoses of
light and heat, were discovered about 70 years 9go by the Rev.
Dr. John Clayton. See Mr. 'Hume‘s letter in iSlicholson’s

Journal, vol. xvi. p. 170.^ For an account of its employment
in the support of a popular superstition see pagd 204.

All oils, resins, gums, wax, sugar, and numh^rlcss other
inflammable substances, are composed of hydrogfe and carbon
in various' proportions, and in many cases, with the aildiiaon of
oxygen. - Hydrogen is also one of the bases of-all animal and
vegetable-'Scids

; and with nitrogen it constitutes ammonia.
Aueoil may be formed artificially by the following process :

Place a glass tube on the shelfof a pneumatic trough, send up
into rt three parts of fresh prepared carburetted hydrogen gas,
and add to it -gradually four parts of fresh prepared oxygenized
muriatic acid gas. Alter each - addition of the 'gas, shake the
mixture} an absorption will take place, caloric will be liberated,

and the tube will-bccomie filled with white vapours. AVlujn
the gases have totally disappeared, an oil of an agreeable odour
will be depb;dted,'’ which Will become yellow by exposure to

the air. This i§ a process ol the Dutch chemists for preparing

olefiant gas.
' ' '

; .
. ,

* Sulphur' is so plentifully diflfused, that probably it was
known very early : according to Pliny, it was used in-his time

in medicine, and for bleaching wool.

Sulphur is procured iiv large quantities 'from martial pyrite*



CTiflp. ?).] • -SULPHUR. 313

and is found in many mineral watersfj combined

with hydrogen.

JF JicU -i^ the nature of sulphnr ?

Sulphur, or brimstone as it is sometimes called,

is^solid, opaque, coinbustible;{; substance, of a

pale yellow colour, insoluble in water, very

brittle, and with little taste or smell. Its specific

o-ravitv is l.<)90, or nearly twice as heavy as

and other metallic ores. It is also found in abundance in the

state of native sulphur, as it is called, near several volcanos, in

diderefit' parts of- the world. According to Dr- Anderson there

are mines of it 'in the kingdom of,Tldbet, The Bee, vol. xvii.

25. In the Isle of Auglesea it js ,8ublhue4 from the copper ore,

and collected in large chambers which are connected with the

kilns by means of long horizontal flues. See Henkel’s Pyrito-

logia.

f Snlplmr has been discovered in cresses, horseradish, and

several other vegetables. It is also evolved from animal sub-

stances, during their putrefaction, in combination with hydro-

gen. The change which silver undergoes when immersed in

an egg, shows the presence of sulphuretted hydrogen.

J Sulphur during its combustion combines with oxygen,

and becomes an incombustible substance. Like phosphorus, it

is eminently combustible, owing to its great affinity for oxygen.

See page 213.- •

If sulphur be kept melft^ in an open vessel, it at length be-

comes thick, as has often been observed, but I believe it has

not been noticed by any writer on, chemistry—that it has the

peculiar property of becoming thlnnex as it cools, till it is nearly

as thin as water. Lhis is an exception to the general law, by

which caloric causes the particles of bodies to recede from each

otlier.
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water. It has various uses in medicine and the

arts*.

What compounds are formed hy means of sul-

phur ?

Sulphur combines vrith oxygen, hydrogen,

nitrogen, the alkalies, the metals, some of the

earths, phosphorus, &c.

What are the compounds of sulphur and

oxygen ?

If sulphur be kept in fusion in atmospheric air

it absorbs a small quantity of oxygen, and forms

oxide of sulphurf; if it be heated sufficiently

to take fire, it burns with a pale blue flame, and

becomes converted to sulphurous acid ; but if

sulphur be burned in pure oxygen, it absorbs

the full dose of this gas, and sulphuric acid is the

product];.

* Sulphur is used in large quantities for making gunpowder.

When exhibited as a medicine, it penetrates to the extremities

of the most minute vessels, and impregnates all the secretions;

as may be perceived by those who have taken it for any length

of time. Sulphur has many uses in the arts, and has been em*

ployed with advantage in stopping the progress of fermentation

in wines and other fermented liquors.

-f-
See the chapter on Oxides

;
also Fourcroy’s System of

Chemical Knowledge, vol. i, 276.

f For an account of the changes which take place in sulphur

when it becomes oxygenized, sec page 213.
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What are the compounds of sulphur and the al^

Palies ?

Sulpliur ^vi^l combine with potass, with soda,

and with ammonia ;
which compounds

^

possess

several curious and interesting properties.

What arc the general characteristics of the alka-

line and earthy sulphurcts F

They are bard substances of a brown colour,

resembling the liver of animals; they absorb

water from the atmosphere, and emit a fetid

odour, similar to that of putrid eggs. They have

the property of decomposing water, and by that

process become partially converted to alkaline or

earthy sulphates *.

Wluit knoxdedge have ue acquired of the com-

binations of sulphur xvith the, earths and metals -f F

Sulphur may be combined artificially with

* The svilphurets can only exist in. a state of desiccation,* or

at least can contain but a very small portion of water without

the water being decomposed, which occasions the sulphiirets

to be changed into hydrogpretted sulphurets.
•y , . .

, I

f There have been instances, where people have taken

frequent doses 'of mercurial medicine, of the human skin

becoming suddenly quite black a few hours after the outward

application of sulphur-ointment ;
to the great teiTor and amaze-

ment of the patient. This was occasioned by the mercury ex-

uding through the pores of the skin to unite with, the sulphur,

in consequence of its affinity to ffiat substance
j
and a true

i^ithiops-mineral was formed over the whole body.
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most of the metals and >yith some earths : but

many of the metallic sulphurets are found native

in jrreat abundance. -

u

O
What is the origin of phosphorus ?

Phosphor usis a peculiar substance, chiefly of

animal f origin. It was formerly obtained from

urine by a long and tedious process ; but is now

procured by the decomposition of the phosphoric

acid which is found in bones f

*. Some of the metallic sulphurets have much colour, and

are employed as pigments.

Sulphuret of lime is recommended by Mr. Higgins as a cheap

substitute for potass In bleaching. For the method of preparing

it, consult his work on the Theory and Practice of Bleaching,

published in Ireland in Ifpp.

f The real origin of
,
phosphorus is veiy obscure : some have

supposed it to be a product of the process of animalization,

and several curious facts might be adduced
,

to strengthen this

opinion.

f Phosphorus was accidentally discovered at Hamburg in

l66gi by an alchemist of the harne of Brandt
j
and two years

afterwards one Kraft brought a small piece of this substance to

London, on purpose to show it to the king and queen of Eng-

land. Mr.' Boyle afterwards discovered the process, which he

described in the Phil. Trans, for l680. Mr. Boyle instructed

Mr. Godfrey Hankwitz of London how to procure it from urine,

so that he was the first who made it for sale in England ;
and

he continued to supply all Europe with it for many years.

The writer of this has in his possession a scarce portrait, by

Vcrtue, of this chemist in the midst of his laboratory, sur-

rounded by his chemical apparatus 5
the form of which shows
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fpliat is the nature^ of phosphorus F

Phosphorus is a solid inflammable
||
substance,

which burns at a lower temperature, when in

contact with atmospheric air, than any other
,

simple combustible; and when salurated with

oxygen, forms a peculiar acid Its specific

gravity is rather more than twice that of water.

that even at that time they had the means of accurate analysis,

if they had had a rational theory to direct them. From a Latin

inscription it appears tliat he had tlris print engraved to present

to his customers on his taking leave of them, when about to en-

ter upon his travels abroad to sell phosphorus.

The discovery of phosphorus proves that valuable discoveries

may be made even by men who have no means of appreciating

their nature. Stahl maintained that it was the marme salt con-

tained in urine which yielded phosphorus.

§ Phosphorus when taken internally is poisonous. It is re-

lated in the Armales de Chimie that a great number of domestic

fowls and turkeys were poisoned, merely by drinking the water

in which some newly made phosphorus had been washed.

Though poisonous, it has been given in small quantities by some

French physicians, in malignant fevers, to stop the progress of

gangrene, in which it succeeded beyond all hope, Nicholson’s

Journal, vol. iii. 85.

)|
If a piece of phosphorus be placed on the surface of water

a little below the heat of boiling, it will immediately inflame.

This is one characteristic of phojiphorus, and distinguishes it

from all other substances.

f Phosphorus is used in forming phosphoric acid ill various

chemical experiments, and in making phosphoric match-bottles.

These bottles may be prepared by mixing one part of flourj of

sulphur with eight of phosphorus. This requires caution, and

should afteiward be handled with great care, lest any part of
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What compounds areformed hy means of phos-

phorus ?

Phosphorus maj be combined with oxygen,

hydrogen, nitrogen, sulphur, or with most of

the metals *, and also with some earths f

.

the mixture get under the fingernails, a small portion of which

might occasion great inconvenience. When used to procure

light, a very minute quantity is taken out of the bottle on the

point of a match, and rubbed upon cork or wood, which pro-

duces an immediate flame.
. r

•

Phosphorus is emirioyed in making phosphoric ether, phos-

phoric oil, phosphoric tapers, phosphuret of lime, and various

phosplioric fire-works.
,
The methods of forming these com-

binations may be seen in Dr. Thomson’s or in Mr. Murray’s

System of Chemistry.

Phosphorus, surrounded by cotton rubbed in pow’dered rosin,

and placed under the receiver of an airpump, takes fire after

exhaustion, and displays very beautiful phsenomena on the gra-

dual admission of the air. Van Marum.—Parkinson.

According to Fourcroy, phosphorus undergoes no change in

oxygen gas unless heat be' applied, and then it burns with great

splendour. It is not even luminous in oxygen gas, or in nitro-

gen gas, though it be so much so in atmospheric air. Gren’s

Chemistry.

* Phosphorus will combine with all the metals except gold

and zinc. Berthollet. It unites with iron, and forms that kind

of iron called cold-short. Iron of such property acquired this

name on account of its being very brittle when cold, though

malleable when heated. Such iron may be made good and fit

for most purposes by healing it with carbonate of limo. Ann.

do Chim. tom. xlii, 832.

f Some animals have very peculiar phosphorescent qualities.

The l^ht of the glow-worm is well known, but the pyrosomt
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IVhat is the nature of these compounds ?

With oxygon, phosphorus forms an oxide of

pliosphorus, also the phosphorous and the phos-

atlantlcum has not been described by naturalists. M. Peron,

on his voyage from Europe to the Isle of France, observed this

animal between 3 and 4 degrees north latitude. Its phosplxi-

rescent quality, so truly prodigious, renders it one of the most

beautiful of all known zoophites, and its organization ranks it

amongst the most singular. The darkness was intense when

it was first discovered, the wind blew with violence, and the

progress of the vessel was rapid. All at once there appeared,

at some distance, as it were a vast sheet of phosphorus floating

on the waves
;
aad it occvrpied a great space before the vessel.

The vessel having passed through this inflamed part of the sea,

the crew discovered that this prodigious light was occasioned

entirely by an immense number of small animals, which swam

at different depths, and appeared to assume various forms. Those

which were deepest looked like great red-hot cannon balls

;

w'hilst those on the surface resembled cylinders of red-hot iron.

Some of them were soon caught, and were found to vary in

size from three to seven inches. All the exterior surface of

the animal was bristled with thick oblong tubercles, shining

like so many diamonds
;
and these seemed to be the principal

seat of its wonderful phosphorescence. In the inside also

there appeared a multitude of little oblong narrow glands,

which possessed the phosphoric virtue in a high degree. The

colour of these animals, when in repose, is an opal yellow

mixed with green
j
but on the slightest movement of those

spontaneous contractions' which it exercises, or those which

the observer can at pleasure cause by tlie least irritation, the

animal inflames, and becomes instantly like red-hot iron, and

of a most brilliant brightness. As it loses its phosphorescence

it passes through a number of tints successively, which are

extremely agreeable, light, and varied, such as red, aurom.
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pboricacids*
*

; with ’ hjdrogcn, phosphurettcd

hydrogen gasf; with nitrogen, phosphurettcd

nitrogen gas ; with sulphur, phosphuret of sul-

phur, and sulphuret of phosphorus ; with the

jnetals, metallic phosphurets
; and with some of

the earths, earthy phosphurets.

IVhat is the origin of carbon ?

Carbon in a state of purity is known only in

the diamond; hut it may be procured in combi-

nation with oxygen by burning' a piece of wood
covered with sand in a crucible.

What compounds areformed hij means ofcarbon ?

Carbon combines witli oxygen, hydrogen, ni-

trogen, sulphur, or phosphorus, or with iron.

What is the nature of these compounds ?

Carbon with various doses of oxygen forms

charcoal'^, carbonic oxide
j|,

or carbonic acid 5;

orange, green, and azure tjlue : this last shade is particularly

lively and pure. A further account of. this curious creature-

may be seen in the Journal de Physique.

* See an account of the nature of these acids in the chapter'

on Acids.

I Seepage 310. t Seepage 318.

§ According to Dr. Bancroft, charcoal is a vegetable oxide,

and, like manganese, derives its black, colour from the union

with o'xygen. He also coiisiders the indestructibility of char-

coal to be owing to its absorption ot oxygeii
;

in which state

it will-* resist the combined action of sun, air, moisture. See.

for hundreds of years. See Philosophy of Permanent Colours,

p;tge 48.

- II
See the chapter on Oxides for an account of these combi-

nations. t See page '227,
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\v ith hydrogen and caloric^ carburetted.hydrogen

gas*; with nitrogen and caloric^ carburetted ni-

trogen gas; with sulphur^ carburetted sulphur;

with phosphorus, phdsphuretted carbon
;

and

with iron, plumbago, or carburet of iron f.

Some of these compounds having been already

examined, it will now be expedient to consider the

other combinations of carbon ^therefore, what is

charcoal ?

Charcoal is the coaly residuum of any vege-

table burnt in close vessels;];.

What are the characters and appearances of

charcoal ?

Charcoal is generally black, sonorous and brit-

tle, very light, and destitute of taste or smell §.

* Seepage 311. f See page 337.

t Charcoal for common purposes is made by a less expen-

sive process. The wood is disposed in heaps regularly arranged,

and covered with earth, so as to prevent the access of any

more air than is absolutely necessary to support the fire, which

is kept up till all the water and oil are driven off
j

after which

the fire is extinguished by shutting up all the air-holes. A
more cEConomical method is first to collect the adetic acid from

the wood, by dry distillation in large iron cylinders
j
and then

the residuum in the cylinders will be charcoal of the best qua-

lity. By this process, his majesty’s gunpowder works have

for some time past been supplied with charcoal.
,

§ Charcoal is so porous that it may be seen through with a

micro.?cope
;
and however large the piece, it may be readily

blown through.

r
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IFhat are the properties of charcoal ?

Charcoal is a powerful antiseptic*
;
has great

affinity for oxygen f; is unalterable and inde-

structible by age;];; and, if air and moisture be

excluded, is not aftccted by the most intense heat.

* “ AU sorts of glass vessels and other utensils may be puri-

fied from long retained smells of every kind, in tire easiest and

most perfect manner, by rinsing them out well with charcoal

pow'der, after the grosser impurities have been scoured offwith

sand and potash. Rubbing the reeth and washing out the

mouth with fine charcoal powder will render the teeth beauti-

fully white, and the breath perfectly sweet, where an offen-

sive breath has been owing to a scorbutic disposition of the

gums. Putrid water is immediately deprived of its offensive

smell by charcoal.” Crell’s Journal, vol. ii. I/O.

Meat, which is only a little tainted with putridity, may at

once be made sweet by charcoal : and if common raw spirits be

agitated with charcoal, they will be deprived of their bad flavour.

A gentleman in the spirit trade however informs me, that spi-

rits treated in tins way are very apt to resume the old flavour, if

kept in the cask only a few months.

f Charcoal, from its affinity with oxygen, will decompose

the sulphuric and nitrid acids. It decomposes the latter with

great rapidity. If the charcoal be dry and finely powdered, and

the acid strong, and allowed to am down the inner side of the

vessel to mix with the charcoal, it w'ill burn rapidly, giving out

a beautiful flame, and throwing up the powder so as to resemble

a brilliant fire-work.

+ “ The beiras of the theatre at Herculaneum were con-

verted into charcoal by the lava which overflowed that city
;
and

during the lapse of seventeen hundred years, the charcoal has

remained as entire as if it had been formed but yesterday, ‘and

it will probably continue so to the end of the world. The in-
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To what uses is charcoal applied ?

Charcoal is used in large quantities in making

gunpowder it is employed as an antiseptic in

purifying rancid oils, &c.; in decomposing the

sulphuric acid ; and for many other purposes, by

the chemist and the manufacturer §.

Is charcoal a simple or a compound substance ?

Charcoal is a compound substance; it is an

corruptibility of charcoal was known in the most ancient times
j

the famous temple at Ephesus was built upon wooden piles,

which had been charred on the outside to preserve them.” Wat-
son’s Essays, vol. iii. 48.

“ It is said that there still exists charcoal made of corn in the

days of Caesar, which is in so complete a state, tliat the wheat

may be distinguished from the rye.” Willich.
'

“ About forty years ago a quantity of oak stakes were found

in the bed of the Thames, in the very spot where Tacitus says

that the Britons fixed a vast number of such stakes, to prevent

the passage of Julius Caesar and his army. They were charred

to a considerable depth, retained their form completely, and

were firm at the heart.” Dr. Robison. The ancients wrote

with levigated charcoal, the most indestructible -substance we
know

j
and accordingly, the writings found in Herculaneum are

still a perfect black. Ib. vol. ii. 480.

Casks charred in the inside are now used to preserve water

in sea voyages ;
and such casks are found to preserve the water

uncorrupted. Dr. Black, vol. ii. 285.

§ Charcoal is used by mathematical instrament-makers and

engravers to polish their brass and copper plates. Plates of

horn and lanthorn leaves are polished with it. It is also much
used by artists in tracing the outlines of drawuigs, See Addi-

tional Notes, No. 2.
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oxide of carbon, or the woody fibre partially oxi-

dized; it also contains hydrogen and a portion

of fixed alkaline salt and earth ; but these are ra-

ther adventitious than essential ingredients.

IVhat is carhon f

Carbon is the base of charcoal, divested of all

impurities.

What is the most striking properti/ of pure

carhon P

Carbon is capable of crystallization, though

not by art, and in that state it is called diamond f

.

.

* Charcoal always contains hydrogen, which it retains after

the most powerful calcination. It is the want of hydrogen

which renders the diamond much less combustible than char-

coal. To the absence of oxygen^ tliis may in part be attributed,

as plumbago and anthfacolite, btoag oxides of the first degree,

arejess combustible than charcoal. For tiie same reason, ma-

nufacturers obtain higher degrees of heat with coke than with

charcoal
5

for coke, being less oxidized than charcoal, requires

a higher temperature for its combustion. To those manufac-

turers who reside near coal-works where the small coal is fit for

making coke, I take this opportunity of recommending to their

attention the coke ovens of the duke of Norfolk. See Ad-

ditional Notes, No. 50. The small of some coal will not

coke.

-j- The diamond is pure carbon, entirely divested of oxygen
5

charcoal contains 64 parts diamond and 36’ oxygen in every

100 j
carbonic acid has 28 parts charcoal and 72 of oxygen, or

IS diamond and 82 oxygen. The diamond is chiefly found in

the kingdom of Golconda in Asia, and in Brazil. It always

.occurs crystallized : indeed, if not, it would be carbon and not

diamond. See a note respecting tlic diamond under the article
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other properties has carbon f

Carbon has the property of de-oxidizing the

oxides of metals and other combustible sub-

Steel, in the chapter on Metals
;
where have an additional

proof that diamond is simple carbon. It 1s wonderful that

Newton, who had no chemical means of examining the dia-

mond, should have conceived the idea of its inflammable na-

ture. See Additional Notes, No. 35.

Mr. Tennant has satisfactorily shown, that the diamond is

pure carbon, carbon crystallized. See Phil. Trans, for I7y7*

The diamond is the hardest substance in nature, and one of its

rarest productions. From its hardness it is employed for saw-

ing and boring the hardest stones, “ Diamonds are usually

found in an ochreous yellow earth, under rocks of grit stone j

they are likewise found detached in torrents, which have car-

ried them from their beds. They are seldom found above a

certain size. The sovereigns of India reserve the largest, in

order that the price of this article may not fall. Diamonds

have no brilliancy when dug out of the earth, but are covered

with an earthy crust.” Fourcroy. Diamonds are also found

in considerable numbers in the island of Borneo. Whenever

the mines are searched for them, an overseer attends, and

watches the workmen with great care, that the largest may be

secured for the sovereign prince. Notwithstanding, they are

frequently conveyed away clandestinely by the workmen, who

will swallow them. Von Wurmb's History of Borneo.

A minute account of the diamond mines of Brazil may be

seen in Ann. de Chim. tom. xv. 82; and in Nicholson’s Jour-

nal, 4to, vol, i. 24.

The usual method of calculating the value of diamonds, is by

squaring the number of carats, and then multiplying the amount

by the price of a single carat : thus, supposing one carat to be

worth 2/., a diamond of 8 carats is w'orth 128/., being 8x8x2.
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stances* *', and of uniting with their oxygen to

form carbonic acid f

.

Does carbon enter into any other combinations ?

Carbon is found in large proportions in bitu-

men and pit-coal it seems to be ready formed

A carat is 4 grains. Polished diamonds, without blemish, are

worth about Ql. per carat.

In the year 17/2, tlie empress of Russia purchased a diamond

that weighed 779 carats. She paid the immense sura oftwelve

tons of gold for it, and granted a pension of 4000 roubles to

the vendor.

* Charcoal has such a powerful affinity with oxygen, that

in a proper degree of heat it will abstract it from all other sub-

stances.

f The merit of the discovery of carbonic acid is due to the

illustrious Dr. Black of Edinburgh. Those who have not been

in the habit of reading the early chemical writers, can have no

idea of the service which this great man has rendered the sci-

ence by his very accurate investigation of this compound.

J There are good reasons for supposing that bitumens and

pit-coal have been formed in the bed of the sea by the decom-

position and deposition of animal matters. The quantity of

volatile alkali which these substances yield on distillation favours

this opinion. An interesting paper by Mr. Kirwan, on lha

proportions of carbon in the different kinds of coal, will be

found in Nicholson’s Journal, 4to, vol. i. 487-
%

See an ingenious paper by Mr. Hatchett, on the origin of

bitumen, &c., in the Phil. Trans, for 1804. See Additional'

Notes, No. 39 . ,

An interesting account of the springs of fossil tar near

Shrewsbury, and at Colebrook Dale, may be seen in Archdeacon

Plymley’s View of the Agriculture of Shropshire,



CARBON. 327Chap. 9.3

also in vegetables ;
and enters into most animal

and some mineral sul)stances §.

. fVliat is the proporiion of carbon in pit-coal f

Pit-coals vary in quality, according to the dif-

ferent proportions of carbon and bitumen which

they contain
|| ; but carbon is the chief ingredient

§
Charcoal lias the property of forming an inlimate union

with the fixed alkalies, if fused with them.

^^Plumbago contains a small quantity of oxygen: it is there-

fore diamond in its first state of oxidizement, or an oxide of the

first degree ;
charcoal, an oxide of the second

;
carbonic oxide,

of the third
5
and carbonic acid, the product of tlie complete

oxidizement of carbon.

II
The immense quantity of pit-coal which is deposited be-

neath the surface of the earth is truly astonishing, and affords

abundant matter for reflection. This kind of fuel is consuming

day after day in incalculable quantities
j
and so great is the store,

that there is no probability of its being exhausted for ages yet to

come. Supposing the formation of pit.-conl to bo owing to the

deposition of marine animal matter
5

the same ptocess must be

still going on, and the inmost recesses of the present seas may

be receiving the materials of fuel for tire inhabitants of new

continents in the most I'emote periods of the world. The wise

CEconomy. of the great Author of Nature, in this constant cir-

culation of the elements of matter, is equalled by nothing but

his own infinite beneficence.

“ Who, not content

By one exertion of creative power

His goodness to reveal
;
through ev’ry age.

Through every moment up the tract of time

Adjusts, accommodates, and blesses all.”

On the formation of coal, consult “ Mr. Williams’s History of

(he Mineral Kingdom,” and " Parkinson’s Organic Remains.”
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in all. What are called slni^ coals contain also

from 10 to 40 per cent, of earth*; and some

coals contain a considerable quantity of martial

pyrites, the sulphiiret of iron.

IVhat is the use of carhon in the vegetable kingr

dom. P

Carbon is not only a component part^ but

forms nearly the whole of the solid basis of all

* There are four species of coal, very distinct from each

other. The gra/)Abe of Werner, or plumbago
i

t' a anl!iraco~

lite •, thejet, or cannel coal ; and the common coil.

One hundred parts of plumbago contain charcoal and IQ

iron. The best quality, which is found at Keswick in Cumber-

land, is used in making pencils.

Anthracolite, or coal blend, is distinguished from other coal

by burning without flame. It is composed of 64 charcoal,

33 silex, and 3 parts of other earths.

Jet is composed, ofbitumen and charcoal
: 7^ parts charcoal,

22 parts bitumen, and 2 parts earth.

Common coal is composed of bitumen and charcoal in diffe-

rent proportions, according to its quality and the place's whence

it is procured At Newcastle upon Tyne, martial pyrites are

often found mixed with the coal, in such abundance as would

render the coal unsaleable j
but persons are employed to pick

out these pyrites and remove them to a proper situation, where

in process of time they become acidified, and fit for the pro-

duction of green vitriol. See an account of this process under

the article Salts of iron. This species of coal, when in contact

w'ith water, is apt to be decomposed, and to burn spontaneously.

Ships at sea have sometimes been suspected to have been lost

by this mdans. His majesty’s ship Ajax of 7d- guns lately took

fire in th n iddle of the night on a station in the Metlkerranean,

and no canine for tliaf drcailful catastrophe has yet been assigned.
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vegetables^ from the floM’er of the garden to the

oak of the forest f

.

If carbon forms so large a part of all regclables,

zvhat occasions that infinite variety 'which we observe

in the vegetable creation F

AVe are in a great measure strangers to the oeco-

iiomy of vegetables; but much of this variety

may be attributed to the different modihcalions

of carbon as well as of the other principles

which enter into their constitution §.

•f
It has been discovered that air which has been s])oiled by

the breathing of animals is peculiarly fitted for the vegetation

of plants : no doubt this is owing to its containing a larger por-

tion of carbonic acid.

By the analysis of soils it has been proved, that of all^ the

substances found in the mixture of earths which constitute a

soil, calcareous earth contributes most certainly to its fertiliza-

tion. This probably proceeds from the carbonic acid. An in-

terestiag account of some experiments on manures, by Mr. Ar-

thur Young, on a small scale, may be Seen in the Retrospect,

Vol. i. 118. ^
+ Vegetables have the power to absorb' oxygen frorri the at-

mosphere, and to transmit it to the absorbent vessels of the

toots. It cannot be questioned but that this oxygen becomes

useful in vegetation, by converting the carbon of manures into

carbonic acid. See Additional Notes, No. 48.

The opeiation of paring and burning turf, which is always

found by farmers extremely serviceable to their lands, is doubt-

less rendered universally advantageous tfoin the carbonaceous

matter which is produced by the burning.

§ When we consider the small number of simple substances

which enter into the composition of plants, how astonishing i.i
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IVhat products of vegetation are there which arc

indebted to carbonfor their formation ?

Carbon not only constitutes the base of the

woody fibre, but is a component part of sugar,

and of all kinds of wax, oils, gums, and resins,

of which there are many varieties.

How are these substances formed by the vege-

tating organs of plants ?

All living vegetables have the power of decom-

the variety that has been afforded ns by the bounty of nature !

The species of vegetables already known are more than 40,000,

and large additions are daily making to this number by new dis-

coveries. Is it possible that so bountiful a provision can have

been made by nature ultimately for the use ofman ?—Yes : for

him she has covered the earth with plants
;
and though their

species be infinite in number, there is not one but may be con-

verted to his use. She has selected some out of every class to

minister to his pleasures, or his support, wherever he shall please

to fix his habitation. Others serve for his bed, for his roof, for

his clothing, for the cure of his diseases, and for the fire of

his hearth.” Sr. Pierre.

Fonrcroy has remarked that vegetables may be considered

as beings intended by nature to begin the organization of crude

matter,*" and to dispose the primitive materials of the earth and

atmosphere in order to become the source of life, and conse-

quently toestabllsh a communication between minerals and ani-

mals ;
from whence it follows, that plants are truly chemical

apparatus employed by nature to produce combinations which

would not take place without them.” Nature is ns admirable

in the simplicity of her means, as in the constancy and regularity

cf her operations.
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posing water*, and of combining in difierent

proportions the hydrogen of the water with the

carhon of the soil, as well as with that of the car-

bonic f acid of the atmosphere to form the

numberless productions of vegetable nature.

* When we decompose water, we can do it only by abstract-

ing its oxygen by combustible substances, and liberating the

hydrogen. Vegetables effect this in a different way
;
they pre-

serve thejiydrogen, and set the oxygen free. This process of

Nature, in the latter instance, has been noticed in a former

chapter. See page 84.

Berthollet has remarked, that the decomposition of water

must always take place to give rise to substances of a resinous

character, when the vegetation is performed without the con-

currence of foreign bodies. Chemical Statics, vol. ii. 3g3.

f Van Helmont planted a willow, weighing fifty pounds, in

a certain quantity of earth, covered carefully with sheet lead;

he kept it in this stale for five years, watering it with distilled

water; and at the end of that time the tree weighed 169
pounds three ounces

;
the earth in which it had vegetated,

being weighed at the same time, was found to have lost only

three ounces. 'This was repeated by Mr. Boyle with a similar

result. See Additional Notes, No. 57.

f Senebier found, that plants watered by water impregnated

with fixed air, grew more luxuriantly than plants watered as

usual, and that when insulated from every substance which

could afford it to them immediately, they acquired carbon by

the decomposition of carbonic acid gas in the atmosphere.

This they take in by the under surface of their leaves, as weJl
as by their roots.

It appears from hence that solid matter is not necessary to the
growth of vegetables

;
and that they owe their increase chiefly

to the decomposition of water and carbonic acid. See pflge 84.
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If carbon and hydrogen enter into the composition

of all these substances ; lio'cs is it that one vegetable

affords gum, another resin, another oil, Sgc. * f

The infinite variety \vhich there must be in the

interna] organization of vegetables^ to enable dit-

ferent orders to prepare such different substances

from the same elements, renders this subject too

intricate and minute for our investigation. We
feel the insufficiency of our faculties

—“ The

will of God is the ultimatum of all human know-

ledge.”

* Carbon and hydrogen are not the only principles which

enter into the composition of all these substances. Most of

them contain a proportion of oxygen also, as m.ay be seen by

the following statement

:

r Carbon 79 (Carbon 23
Ome oil

21 Sugar Hydrogen S

(Oxygen 6-t

100
100

f Carbon 82

j

Hydrogen- 18

)00

Saturated

with

oxygen.

Gum
Saturated

with

oxygen.

^Carbon 25

J rlytlrogeu 1

1

)
Oxygen ' 65

k Nitrogen & lime 1

100

Carbon and

Hesin J hydi'i

The formation of resin and wax has lately been explained

thus : That when a volatile or a fixed oil is expelled out of

plants, and lias its surface exposed to the air, the first bccomoa

a resin by losinghydrogen, the second a wax by .tbsoi-bing oxygon.
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Is it kno~xn what other siibstances are employed

hy nature for the formation and growth of vege--

tables P

All orders of vegetables are produced from

four or five natural substances, viz. caloric, li^'ht.

Avater, air, and carbon-. Nature has required

* It has been shown that water and atmospheric air are the

natural food ofplants. Caloric is necessary to enable vegetables

to decompose water and air
3
and light is equally requisite tq

give a part of the oxygen of these substances a gaseous form,

and to put it in a proper state to. be thrown off by the leaves.

The other portion of oxygen goes to the formation of sugar
and the vegetable acids. The analysis of vegetables confirms
this theoiy

;
for, however they may be examined, the result

IS always the production of oxygen, hydrogen, and carbon.
Some plants yield also a portion of silex, and others lime

3 but
these no doubt are taken up by the roots from the soil. See
Mr. Davy’s paper on silex found in the epidermis of reeds,

&:c. in Nicholson’s Journal for May l/Qg.

When we consider that the many thousand tribes of \-ege-

tables are not only ail forified from a few simple substances, hat
that they all enjoy the same sun, vegetate in the same medium,
and are supplied with the same nutriment, we cannot but be
struck with the rich ceconomy of Nature, and are almost in-
duced to doubt the evidence of those senses with whidi the God
of Nature has furnished us. That it should be possible so tq
modify and intermingle a few simple substances, and thenci?
produce all the variety of form, colour, odour, &c. which is

observable in the different families of vegetables, is a phacno-
menon too astonishing for our comprehension. Nothing short
of Omnipotence could have provided such a paradise for man.
“ Soft roll your incense, herbs, and fruits, and flowers.

In mingled clouds to Him, whose,sun exalts.

Whose breatli perfumes you, and whose pencil paints.”
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only these in order to form even tlie most exqui-

site of her productions.

"With hues on hues expression cannot paint,

The breath of Nature and her endless bloom.”

How is it that such an inexhaustible variety of

forms, colours, tints, odours, tastes, qualities, ^c.

so conspicuous in this kingdom of Hature, can he

produced from such a scanty number of natural

substances ?

The means by which all this is effected are un-

known to us; but this we know, that these

wonderful harmonics are not in the nature of the

elements, but in the will of Him who has or-

dained them, in subordination to the wants of his

numerous creatures*.”

* The various orders of vegetables provided in every part of

the globe, for the countless forms of animated existence, are

eminently illustrative of the provident care of the Creator, and

show us how great and how good is the Father of the families

of the whole earth. The folH^ing passage from St. Pierre i«

so well calculated to impress this truth, that it is unnecessary

to apologize for its introduction The sluggish cow pastures

in the cavity of the valley ;
the bounding sheep on the decli-

vity of tl e hill j
the scrambling goat browses among the shrubs

of the rock ;
the duck feeds on the water plants of the river;

the hen, with attentive eye, picks up every grain that is scat-

tered and lost in the held
;

the pigeon, of rapid wing, co ects

a similar tribute from the refuse of the grove ;
and the hugal

bee turns to account even the small dust on tlie flower. There

is no corner of the earth where the whole vegetable crop may

not be reaped. Those plants which are rejected by one are a
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TVhat is the office of carbon in th& animal king-

dom F

As carbon is a necessary part of sugar, of oils,

&c., it consequently enters into the composition

of animal milk, and of animal oils and fat ; it

is also found in albumen, gelatine, fibrina, and

animal urine.
i

Does carbon enter into any mineral combina-

tions ?

It is imagined that most of the metals may be

combined with carbon
; but at present we know

only its combinations 'wdth iron and zinc-f*.

V/hat does carbon form umen combined with

iron F

In one proportion it forms cast iron J ; in

another steel ; and in a third proportion plum-

delicacy to another, and even among the finny tribes contribute

to their fatness. Ihe hog devours the horse-tail and hen-bane

;

the goat, the thistle and the hemlock. All return in the even-

ing to the habitation of man, witli murmurs, with bleatings,

with cries of joy, bringing back to him the delicious tribute of

innumerable plants, transformed, by a process the most incon-

ceivable, into honey, milk, butter, eggs, and cream."

f We have reason to believe that carbon unites with metals

only by fusion
j and that the dillercnt kinds of carburetted

metals which' are found, have all undergone intense heats at

some period of the world.

X Cast iron acquires carbon in the smelting furnaces durin<^
tts fusion.
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bago^ generally, though improperly, called black

lead

Whai is ihe proporiion of carhon in cast iron?

Upon an average} cast iron contains, aecord-

i«!g to the analysis of Bergman, about one forty-

fifth of its weight of carbon f

.

What quantity of carhon enters into the compo-

sition of steel ?

Steel is iron combined w'ith about one part of

carbon in tw o hundred ot iron

* The name which this substance has so long borne shows

how necessary it was to give a ne\V nomenclature to the science.

It is now known, that what lias been called black kad owes

its metallic quality to iron
;
and that there is no lead in its cora-^

position. Many other instances might be adduced, in which

the names of substances have given false ideas of their nature

and properties : thus, white and green copperas contain no cop-

per, but other metals.

f Cast iron does not owe its brittle qualities to the carbon

which is combined with it
5

for that iron which contains most

carbon is found to be the best metal. Cast iron generally con-

tains a porlion of phosphuret of iron, and always a quantity of

oxygen : these substances give it its hard brittle quality. To

convert cast iron into wrought iron the metal is submitted to a

long intense heat, by which means the carbon burns, and

uniting with the oxygen, both go off in the state of carbonic

acid gas. The iron is then carried to the forge hammer,

Y-hich beats out the phosphuret of iron, and bnngs the parti-

cles closer together. Wlieivthe iron is required to be pure and

good, it undergoes repeated hafnmering till it is brought to t e

desired quality. ’
1 . 1 ,•

X To procure steel, nothing more is necessary than 0 lea
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• How is carbon combined with iron toform 'plum-

bago P

Carburet of iron, or plumbago §, has been

found to consist of nearly nine parts carbon to

one' of iron.

What is the nature of the combination of carbon

with zinc P

Carbon combines largely with zinc ; but the

nature of this combination is not much known.

good pure iron for several hours in a proper furnace, with char-

coal, or any substances proper for furnishing a sufficient quan-
tity of carbon, which is absorbed by the iron in the process.

Iron has so great an affinity for carbon, that it is even capable

of- decomposing carbonic acid in a high temperature. See
Philosophical Magazine, vol. ii. where there is an account of
a late mode of making steel by fusing soft iron in crucibles,

with carbonate of lime.

§ -Plumbago is found in great plenty at a place called Bur-
row-dale, in Cumberland. Its chief use is in making pencils,

called black lead pencils. It is likewise useful to rub over
wooden machinery to prevent friction.

According to Fabroui, plumbago is formed in the humid
way, at the bottom of certain wells in the kingdom of Naples,
from whence it is regularly collected every six months.

Ciirburct of iron is found ajso on various parts ot the con-
tinent. It often occurs in mountains, in the midst of beds of
quartz, or calcareous earth. It has lately been found ciystal-

Hzt d in octahedrons.

Plumbago (like charcoal) is indestructible by heat, unless

'vith the presence of atmospheric air. It is therefore much
used for making crucibles and portable furnaces. It protects
iron from rust, and on that account is rubbed on various orna-
mental cast iron wyrks, such as tlie fronts of grates. See.

z
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You sflid that carhonfoj'med an acid bij its miion

'with oxijgen: hoxv is that effected* ?

Carbon has so great an alRnity to oxygen, that

when assisted by heat it will take it from most

substances with which it may be combined ; in

certain proportions they then form carbonic acid

gas f.

What quantity of oxygen is necessary to convert

carbon into carboiiic acidP

Twenty-eight parts by weight of carbon re-

quire 72 parts of oxygen to saturate them; so that

* The pupil may be satisfied of the composition of carbonic

acid by tlie following experiment : Take one of those glass

receivers generally used for deflagrating the gases
j

fill it with

oxygen gas, and invert it in a shallow pan of water. Then

having a piece of ignited cortical part ofcharcoal ready, suspend

it by a wire to 'the stopper of the receiver, and immerse it

quickly in the gas. The charcoal will be seen to burn for a

considerable time witir the greatest splendour, throwing out the

most beautiful corruscations. When tlie inflammation is over

the oxygen gas will be consumed, and the water will be found

to be impregnated with carbonic acid
;
and if some transparent

lime-water be poured in, the whole will become opaque firom

the carbonate of lime now formed.

f Tlicre can be no doubt that carbonic acid is formed by the

union of carbon with oxygen ;
for steel may be made as effec-

tually by the decomposition of carbonic acid, as it can by the

direct union of iron with carbonaceous matter.

Carbon takes a gaseous form also by combining w'lth hydro-

gen and caloric, and forms what is called carburetted hydrogen

gas. Likewise the gas discovered by Dr. Priestley, and which

Mr. Cruickshank named the gas£0Ui oxide of carlon.
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100 parts of carbonic acid are composed of

twentj-eight parts of carbon, and seventj-two

of oxygen

X Oxygen has a greater affinity for carbon than for any other

substance, Mr. Lavoisier burned small quantities of charcoal

in pure oxygen gas in close vessels, and found that a part of

this gas was converted into fixed air. He separated -this from

the rest of the oxygen by means of caustic alkali, and weighed

the alkali after it had attracted the fixed air. He also expelled

the air again by an acid, and examined its bulk. Thus he

learned the weight of the air, and what measure of it had been

produced. Then, comparing this weight with that lost by the

charcoal which had been consumed, he found it to exceed

greatly the weight of the charcoal, and was exactly equal to

the weight of the charcoal added to that portion of the oxygen

gas which had been changed into fixed air. Dr. Black, vol. ii.

p, 100.

The composition of carbonic acid has been further proved by

analysis, as it has actually been decomposed, and the charcoal

exhibited entire. See Mr. Tennant’s E.xperiraents on fixed Air,

in Phil. Trans, vol. Ixxxi. 181. When a diamond is burnt, the

proportions are different to the abov6, for it is the pupest car-

bon we are acquainted with. It requires to form 100 parts of

carbonic acid, only 17.88 of diamond, and 82.12 of oxygen.

In burning ffiamond, carbonic acid is the product, and tliere is

no residue. One part of charcoal absorbs 2.527 of oxygen,

and produces 3.5/5 of carbonic acid
3

whereas one part of

diamond absorbs more than four parts of oxygen, and produces

five of carbonic acid.

More attention has been paid to the appearances in the com-

bustion of the diamond, by Sir George Mackenzie, tlian by most

others who have investigated this subject. See Nichokon's

Journal, 4to, vol. iv. 103.

Carbonic acid gas may be readily procured .ffir experiment by

z
'
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What is the specijic gra-vity of carbonic acid?

Carbonic acid can only be exhibited in the

form of gas ; each cubical inch weighs near three

quarters of a grain.

What are the propei'ties of carbonic acid gas ?

Carbonic acid gas is invisible and elastic, is

twice as heavy as atmosphericair* *, will mix
with vital air, may be combined with water, to

which it gives a brisk and acidulous taste f, and
will occasion the death of animals that are obliged

to breathe it;j].

pouring a little diluted sulphuric acid into a phial, or a retort,

upon a little pulverized chalk. An action will immediately

* commence
j
and if oiie end of a bent tube be made fast in the

neck of the phial, and the other brought under the mouth of a

jar filled with water, and inverted in a vessel of water, the gas

will pass from the mixture into the inverted jar.

* This gas, on account of its density, may be poured from one

vessel to another like water, or may be drawn from a cask by a

cock like other fluids. In consequence of its great specific

gravity it is frequently found at the bottom of mines, wells, &c.

See pages 342, 343.

f In order to saturate water with this gas, it is necessary to

subject it to a considerable degree of pressure. The persons

who are engaged in making the acidulous soda water have pe-

culiar conveniences for this purpose. Cyder, perry, bottled

beer, and other fermented liquors, owe their briskness and

sparkling to the presence of this gas.

J Carbonic acid has also the property of rendering lime so-

luble in water. As the carbonic acid escapes by exposure to the

air, the calcareous matter is precipitated from tlie water which
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In what state.s does carbonic acid exist in J^a~

ture ?

Carbonic acid is found in Nature in three dif-

ferent states^ viz. in gas^ in mixturCj and in che-

mical combination ; it is perhaps the most abun-

dant of all the native acids§.
,

held it in solution
;
'whence aris$ the various earthy incrusta-

tions found in djlFerent parts of the world. Fourcroy has very

aptly remarked, that “ when natural history was' less en-

lightened by chemistry, springs of this kind were called petri-

fykig waters, and, were by the vulgar reckoned among the

number of miracles.”

Some very interesting remarks on the utUity of this property

of certain watei;s fo dissolve calcareous earth may be seen in

Parkinson’s Orgarvio Remains, vol. i. page 379-

At Guancavelica in Peru, artists obtain statues and even

stones for building, by filling moulds frequently with a mineral

water of that distriot.

§ Plants of all kinds give out carbonic acid gas while growing

in the shade
; but when assisted by the rays of the sun, there is

reason to think that the plants have the power of decomposing

this acid
j

for then the leaves give out only oxygen gas. An-

nales de Chimie, tom. xiii. p, 318.

Mons. Saussure Iras shown, that when A'egetables decompose

carbonic acid gas, tliey throw off only half of the oxygen
;
and

that the other half, with the whole of the carbon, enters into

the composition of the jrlant. He also says, that the leaves

absorb orygen gas, in darkness, and emit an equal quantity

when exposed to the light. If this account of vegetation be

correct, growing vegetables deteriorate the atmosphere in the

night and purify it in the day. The roots, wood, and petal*

perform no inspiration, Phil. Mag. vol. xx. 307.
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What instances are there of its natural existence

in the state of gas f

It is found in the proportion of one per cent.*

in atmospheric air ; also in caverns and mines^

%vhcre it is called the choke dampf.
—^ — — ,,

* The use of this gas in atmospheric air is not accurately

known. Perhaps the large quantity of carbonic acid, which is

perpetually forming by the processes of respiration and corn-*

bustion, seizes the putrid exlialations which arise from the

earth, and preserves the atmosphere from being contaminated

with them. We know that carlon has the property of uniting

chemically with putrid miasmata, and rendering them in-

noxious. It seems likely tlien that one per cent, of carbonic acid

gas is diffused tlrroughout the atmosphere, in order tliat it may

be ready to arrest every malignant vapour at the moment of

its formation by the putrefactive process. Without some such

contrivance we should be in perpetual danger of pestilential

contagion,

•}• The floor of the Grotto del Cane, in Italy, is lower than

the door, and this hollow is always filled with fixed air, which

can rise no higher than the threshold, but there flows out like

water. It has been a common practice to drive dogs into this

cavern, where tliey suffer a temporary death, for the enter-

tainment of the passengers : but a man enters with safety, be-

cause his mouth is far 'above the surface of this deleterious air.

Frcm the loss of so many dogs in this cavern it acquired the

name of the Grotto del Cane. The lake of Averuo, which

Virgil supposed to be the entrance to the infernal regions,

evolves so large a quantity, of this gas, that birds flying over it

drop with suffocation. Fatal accidents have happened to per-

sons who have incautiously descended into brewers' vats before

they have been purified from this gas.

Carbonic acid gas so often occupies the bottoms of wells.
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What instances *^e there of carhonic acid'heing

found mixed, with fluids ?

It is abundant in Spa-water, and in some other

acidulous waters|.

that workmen ought never to venture into such places without

previously letting down a lighted candle. If the candle burns,

they may enter with safety
;

if not, a quantity of quick lim^

should be let down in buckets, and gradually sprinkled with

water. As the lime slacks it will absorb the carbonic acid gas,

and the workmen may afterwards descend in safety,

Fatal accidents often happen from burning charcoal in cham-

bers } as whenever charcoal is burned this gas is formed. Work-

men have also lost tlieir lives by sleeping too near limekilns,

where this gas is extricated in abundance. Whenever persons

are discovered in such situations, or are suffering from the

effects of carbonic acid gas, the same means should be made

use of as are directed by the Humane Society, in cases of ap-

parent death from drowning : or, when it can be done without

loss of time, atmospheric air, or even pure oxygen gas, sliould

be forced into the lungs.

Mr. Henry has suggested to naturalists, that butterflies, and

other insects, the colours of which it is desirable to presence

for the purpose of cabinet specimens, may be suffocated in car-

bonic acid gas, better tlian by the common mode of killing

them with the fumes of sulphur.

Carbonic acid gas has been given medicinally witli success,

and has proved a powerful antiseptic. Meat which has been

sealed up in it has been known to have preserved its texture

and appearance for more than twenty years.

X These waters have a pleasant li^ht acidity and briskness,

and sparkle in the glass like fermented liquors
3
which is well

known to be the case with water when artificially impregnated

with fixed air. Dr. Percival esteems it highly medicinal in pul-

monic consumptions, and in malignant fevers.

By great pressure water may be combined with more tlian
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In what substances is carho'hic acid found che-

mically combined P

Carbonic acid is found in all parts of the

world in great plenty, in condiination with the

alkalies, in earths, and in stones
;

particniaiij in

chalk, limestone, and marble^.

Wliai is the eEect of the combination of ,carbonic

acidP r

Carbonic acid renders mild and salutary some
of the most acrid and destructive of all known
substancesf.

twice and a half of its own bulk of carbonic acid gas. Such

waters are considerably stronger than those afforded by Nature,

arid have much greater medicinal effects,
*

A description of a proper apparatus for impregnating water

widij this gas will be found in Bouillon la Grange’s .Cheniistryj

vol. i. gs.

* Carbonic acid is found combined with alkalies, and with

several metallic oxides. These Combinations are called carr

donates. >'

A cubic inch of marble contains as much carbonic acid in

combination as would fid a six-gallon vessel when in die'statd

of gas. Dr. Black’s Lectures, vol.-i. 26, preface.

Marble contains of carbonic acid 40“ parts in 1000.

Crystals of soda 423 parts ditto.'

Mild volatile alkali 533 parts ditto.

Carbonate of magnesia Sp'! parts ditto.

'} We all know the causticity pf pure quick-lime, and the

corrosive qualities of the fixed alkalies ;
but whenever these

substances arc fully saturated with carbonic acid,
. the- firs^

fotms mild calcareous earth, (or chalk) and the others mild
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Hou' is the carbonic acid separatedfrom alJcalies

and earths P ,

'
‘

Carbonic acid may be disengag;ed by all the

other acids; biii it is usually se])arated from .alua-

lics by the addition of quick-lime, which absorbs

this acid, and. thus is convcficd into caruonate

ofiinie;{;.

How is carbonic acid tLSually procured for che-

mical purposes F

Carbonic acid gas may bo cpilectod in abun-

dance from the surface of fcrmenCmg liquprs

;

but it is more commonly obtaiueu by pouring

sulyhuric acid upon a mixtiu’C of chalk, or mar-

ble and water

neutral salts, applicable to many purposes of medicine and do»

meslic occonomy.

+ Though t^e alkali^ readily part \vith..the,ir ‘carbonic acid,

to caustic, oaloareous eai'th, yet they bav’e q a great affnjity to

this acid, as may be shown by the following interesting ex-

periment
; pill a jaj: with carbonic apid gas, then poor, intp it

a small quantity of a solution of caustic pot?)ss, or stjda ; apd,

having tied the npouth over with a wetted hlarlder, ipove die

vessel so as, to spread the alkali over its iurfer suiface, when a

vnciuim will be- quickly formed by thq, absorption of dre gas,

which will appear by the bladder being pressed inwards by the

weight of the atijiospliere. If tliis experiment be made in a

glass vessel, its surface will be seen covered with crystals ofthe

alkali, as the carbonic acid always promotes the crystallization

of the fixed alkalies.

§ This pnKCss beautifully demonstrates the indestructibility

of matter : in it we remark that die gas which has bound to-
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Hoiv do you accountfor the production of car-

ionic acid gas in the process offermentation ?

In all vinous fermentations a decomposition of

the saccharine matter takes place ; and a part of

the disengaged oxygen, uniting with a part of the

carbon of the sugar, forms carbonicacid* *. A
decomposition also of part of the water of solu-

tion perhaps promotes the pro''ess.

What is the cause of vinous fermentation?

The cause of vinous fermentation is not well

understood ; hut it appears to be a spontaneous

commotion that takes place on the decompo-

sition of vegetable substances, in certain favour-

able circumstances of temperature and solution ;

and it is a process which Nature employs for

their destruction f.

gether the massy rock for a thousand years, is still carbonic

acid, and is as capable of forming a variety of combinations as

any carbonic acid would be if recently produced.

How ceconomical is Nature in all her proceedings ! See Ad-

ditional Notes, No. 25.

* It has been matter of surprise to me that no advantage has

been taken of the vast quantities of carbonic acid gas, which are

perpetually escaping from the vats of the lai^e breweries in

this metropolis. It might surely be collected, and applied to

many useful purposes. The benefit which is derived from

yeast in putrid diseases, is due to its carbonic acid. An in-

teresting paper on tire use of tliis remedy may be seen in the

sixth volume of the Philosophical Magazine, 56.

f It is now pretty generally known that no substances are

aapable of fermentation but such as have been elaborated by the
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JVJuit circumstances are necessary to produce

vinous fermentation f

The presence of vegetable matters, of water, of

sugar

a

certain degree of heat§, and free egress

for the carbonic acid to escape as it is generated.

Canyon at all account for the change which is

effected in saccharine liquors hy fermentation P

By the process of fermentation the sugar.

principle of animal or vegetable life. See a memoir on this

subject by Fourcroy, part iii. chap. 22.

Fourcroy admits five distinct species of vegetable fermenta-

tions, viz. the saccharine, or tiiat which forms sugar, the

vinous, the acetous, the colouring, or that which is developed

by the maceration of the indigp-plant, and the putrid. See

Fourcroy‘s System of Chemical Knowledge, vol. viii. 148.

Some writers have spoken of another kind of vegetable fermen-

tation, viz. the panary, or that which manifests itself in mak-

ing bread ;
but surely this is a species of the acetous, for its

tendency to acidity is very evident.

+ It appears from several late experiments carefully made,

that sugar is composed entirely of hydrogen, oxygen, and car-

bon. Mr. Cruickshank made many experiments on fermenta-

tion, and invariably found, that wlienever he added a fourth

substance to the three which compose saccharine matter, no

fermentation took place. He tried lime, and at another time a

small quantity of potash ;
the addition of either prevented

fermentation. See Mr. John I'homson’s Notes to Fourcroy,

vol. iii. 128} also Dr. Rollo on Diabetes} and Additional

Notes, No. 49 .

§ To produce vinous fermentation, it is necessary that the

rnatters subjected to that process should be placed in a tempe-

rature not lower than 55 degrees of Fahrenheit. No kind of

fermentation is ever known below the freezing point.
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which is a vegetable oxide^ parts with a portion

of its oxjgen to form carbonic acid, and be-

comes converted into alcohol by being thus par-

tially deoxidized.

Does sugar then become spirit of wine, or alco-

hol, merely by losing a part of its oxygen ?

No : it parts with a portion of its carbon at

the same time, in the form of carbonic acid gas,

and a new arrangement of the remaining princi-

ples, both of the sugar, and of the water in

which it is dissolved, takes place, furnishing an

increased proportion of hydrogen, in order to

form vinous liquor f

.

* Lavoisier having analysed sugar, found that it was eom-

posed of hydrogen, oxygen, and carbon, in the following pro-

portions : Hydrogen 8 lbs., oxygen 64 lbs., earbon 28 lbs., in

every 100 pounds weight of sugar. Lavoisier’s Elements, 188 .

Having subjected 100 lbs. of sugar to fermentation, he found

the products (viz. alcohol, carbonic acid, and acetous acid,)

when mialysed, contained tlie precise quantities of hydrogen,

oxygen, and carbon, which were contained in the original sugar.

The particular detail which he has given of these experiment*

is extremely interesting. Ibid. p. 185 to 197. In consequence

of the results which were obtained, he remarks, '' The effect

of the vinous fermentation upon sugar is thus reduced to the

mere separation of its elements into two portions : one part is

oxygenized at the expense of the other, so as to form carbonic

acid; while the other part, being deoxygenieed in favour of

the former, is converted into the combustible substance called

alcohol.” Ibid. p. 196.

•) The spiritous or intoxicating quality of all fermented

liquors is owing to the alcohol tliey contain, whether it he malt

liquor, wine, or spirits.

1
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Endeavour to recollect the different properties of

charcoal, which pon have enumerated in this chapter.

Charcoal appears to be indestructible bj age ;

it is not in the least altered by the most intense

beat, if heated in closed vessels ;
when burnt in

atmospheric air it becomes converted into carbo-

nic acid gas
>

it is a valuable antiseptic j it is the

basisof all vegetables; it is one of the component

parts of wax, oils, gmms, and resins ; and from

its affinity to oxygen it has the property of de-

composing many substances in which oxygen

constitutes a material part.

How did chemists become acquainted with all

these properties of charcoed P

Formerly, nothing was known of charcoal but

its indestructibility and its antiseptic qualities.

The other peculiar and surprising properties of

charcoal were reserved for the discoveries of the

present age ;
for these we are most especially in-

debted to the labours and genius of Black J,

Priestley §, Cavendish, Lavoisier, Guyton, Ten-

nant, and Berthollet, and to the gradual deve-

lopment of the present improved system of che-

mistry.

+ In the year 1755 Dr, Black, discovered the acid gas which

is thrown off from fermented liquors and from mild calcareous

earth. He caljed kjixed air,

§ Dr. Priestley explained the effect of charcoal in decom-

posing nitrous acid, examined the gas tliat is thrown off in this

decomposition, and pointed out the necessity of distinguishing
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If'lmt rejections naturally present themselves on
the conskleratiofi of the various pi'opertics of char-

coal and the other simple combustibles ?

This subject, when considered in all its con-

nections, is calculated to produce the most pro-

found admiration
; and serves to convince us of

the unbounded comprehension of that Divine

mind, which, in the act of creation, could foresee

and appoint such important effects to result from

the combinations and changes of the most inodo-

rous and insipid substances. We also learn, that

all the works of the Creator are perfect ; and

perceive with astonishment, that they are com-
posed of elements which are in themselves inca-

pable of destruction^.

the difFei-ent gases from common air for which the Royal

Society awarded him an honorary prize.

In the years 1/6(5 and 1/6/ Mr. Cavendish published papers

in the Philosophical Transactions on the nature of elastic fluids,

in which he announced that he had produced fixed air by the

burning of charcoal. This assurance called the attention of all

chemists to that surprising substance, and was the forerunner

of the many dispoveries which have since been made respecting

its properties, &c.

Lavoisier pointed out the nature of the action of charcoal in

reducing metallic oxides
j

Investigated the nature of the com-

bustion of the diamond •, announced the exact quantity of car-

bon in carbonic acid
;
and the production of carbonic acid by

the decomposition of water with ignited charcoal.

* See Additional Notes, No. 25 and 3/.
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CHAP. X.

OF iVrETALS.

What are the characteristics of the metals f

The general characters of metals are^ great

specific gravity*, lustre, opacity, fusibility, mal-

leability, and ductility ; but some metals arc

neither malleable' nor ductile.

How are the metals procured P

They are generally taken from the bowels of

the earth f, in a slate of combination either with.

* Metallic substances have a much greater specific gravity

than all other bodies. That of the heaviest of the earthy bodies,

sulphate of barytes, is only 4.4, not 4| times heavier tlian

water
;
whereas tin, the lightest of all tlie metals, except tel-

lurium, is or niore than ^ times heavier than water,

f Metals are generally found in mountainous countries, in

such as form a continued chain $ but the metallic part of a

mountain usually bears but a small proportion to its whole con-

tents. Granite rocks seldom contain any metallic ores.

It is deserving of notice, that if minerals had been placed on

the surface of the globe, they would have occupied the greatest

part of the eartii, and would have prevented its cultivation.

Their being deposited lelow is a proof of management and de-

sign worthy of tliat Being who could furnish so great a variety

of this class of bodies.
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oOier metals*, v/itli sulphur, oxygen, or with

acidsf, though a few of them have occasionally

been found in a state of purity

By Tvhat mclhods are the metah purified from
these substances ?

The metals are purified from tlieir ores by

various means ; such as washing, roasting, fu-

sion§, &c.

;

but the method must always be regu-

lated by the nature of the ore to be assayed
[j.

* When metals are found combined with other metals they

are called native alloys.

A table of the orders and the genera of the ores of metals

may be seen in Dr. Thomson’s Chemistry, vol. iv. ig.

f The sulphuric, muriatic, phosphoric, and carbonic acids

are those which are generally found in combination with

metals.

f Among those metals which most frequently occur in the

metallic state may be ranked quicksilver. In Bishop Watson’s

Chemical Essays mention is made of such a mine in this coun-

try, viz. at Berwick in Northumberland, in the midst of that

town ; and' Mr. Hume, a native of that place, assures me that

he was aiV eye-witness to this fact.

§ The analysis of metallic ores in the great, is always per-

formed by fire, and this is called the dry way
;
but the more

accurate analysis is effectedBy means of various chemical re-

agents which modern chemistry has applied to that purpose,

and is termed the moist way. Before the time of Bergman

every kind of analysis of minerals was conducted by fire : he

was the first chemist who resorted to the method of solution in

acids, which is easy, simple, and effectual.

II
Those who wish to investigate this subject may find ample

information in Schluttcr’s work on Mineralogy
;

in Henkel’s

I’yritologia
5

in Cramer on Metals , in Kirwan’s Mineralogy
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How many metals are there ?

There are twentj-seven distinct metals, which

possess properties very different and distinct from

each other IT.

How are the metals classed hy modern chemists F

They are divided into two classes. The one

contains the inalleahle, the other the brittle, me-

tals. This last class is sometimes subdivided into

two others, viz. those which are easily, and those

which are difficultly, fused.
'

and in Klaproth’s Essays. Some general ideas on the subject

may be collected from a well-written paper of Dr. Thomson’s,

in his System of Chemistry, vol. iv. 1-^4 .

^ For a knowledge of most of the metals, we are indebted

to the more perfect modes of analysis which modern chemistry

has afforded. The ancients were acquainted with only seven of

these metals. The properties of these were tolerably well

known to the early chemists, who acquired their knowledge

frond the alchemists. These infatuated people tortured silver,

mercury, copper, iron, tin, and lead, in ever}’’ way they could

devise, in order to convert them into gold. Alchemy was pro-

bably introduced into Europe by the crusaders, whose minds

were prepared for the reception of any delusion. In all likeli-

hood they picked up the idea of the transmutation of metals

on their return from Palestine ;
and as error generally operates

more powerfully than truth with such fanatics, they deluged

their native country with these absurdities. The vain and con-

ceited Paracelsus, a Swiss physician, was one of the last of the

alchemists. He announced to the world that he had discovered

a medicine, which would render man immortal : but worn out

by his debaucheries and excesses, he gave the lie to this asser-

tion
;

for he himself died in the year 1534, at the age of 41.

In the reign of Henry IV. an act was passed to make it felo-

2 A
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How many malleable metals are there ?

Ten; viz.

1. Gold*,

g. Platina,

3. Silver,

4. Mercury,

5. Copper,

6. Iron,

,7. Tin,

8. Lead,

9. Nickel,

10. Zinc.

How many brittle metals are there ?

There are thirteen metals in this class which

are neither malleable nor ductile f.

Which are the easily fusible ofthe brittle metals f

There are four fusible brittle metals ;
viz.

1. Bismuth, 3. Tellurium,

2. Antimony, 4. Arsenic.

Which are the brittle metals that are fused with

difficulty ?

There are nine of these metals ; viz.

1. Cobalt, 4. Molybdenum, 7. Chromium,

2. Manganese, 5. Uranium, 8. Columbium,

3 . Tungsten, 6. Titanium, 9. Tantalium;j;.

ny to transmute metals. This act was repealed in consequence

of the suggestions ofMr. Boyle, who was aware of its absurdity.

' * Of these metals, the three first have been called noble or

perfect metals j
because they stand the most intense heat of

our furnaces without suffering oxidizement, or any diminution

in their weights.

-j- Owing to the brittle nature of these metals, such of them

as were formerly known were called semi-metals; but this

distinction, as it conveys erroneous ideas, is now generally laid

aside.

X In this enumeration I have purposely omitted the, four
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It vyill he necessary to consider each ofthese metals

separately ; therefore, what is the nature of gold F

Gold is the heaviest of all the metals, except

platina ; it is not very elastic, nor very hard

;

but it is so malleable and ductile, that it may be

drawn into very fine wire, or beaten out into

leaves thin enough to be carried away by -the

slightest wind§.

metals found in the ore of platina, as their properties have not

yet been sufficiently examined
j and it is possible that they may

be merely alloys of other metals. What is known respecting

them, may be seen in the third volume of Murray’s System of

Chemistry, p, 169 to I97.

§ Dr. Black has calculated, that it would take fourteen mil-

lions of films of gold, such as is on some fine gilt wire, to make
up the thickness of one inch; whereas 14 million leaves of

common printing paper make up near ^ of a mile. Vol. ii.

654 . According to Fourcroy, the ductility of gold is such,

that an ounce of it is sufficient to gild a silver wire more than

thirteen hundred miles long.

Such is the tenacity of gold, that a wire T^^th of an inch in

diameter will support a weight of500 pounds without breaking.

Gold melts at 32° ol Wedgwood, and if pure, is of a beau-

tiful green colour when in fusion. By means of a powerful

lens it may be volatilized.

Gold becomes much harder by a union with a small quantity

of copper.

Gold leaf, thrown into oxygenized muriatic acid gas at the

temperature of 70® or 80°, takes fire and burns with great bril-

liancy.

Fulminating gold is made by diluting a saturated'solution of
gold with three times its measure of distilled water, and preci-
pitating the oxide by solution of ammonia gradually added.

2 A 2
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Whei'C is goldfound?

Gold is found in Peru and in some other parts

of the world. It generally occurs in a metallic

state, and most commonly in the form ofgrains* *.

The precipitate, when dried on a filter, forms this fulminating

powder, which detonates by heat, or friction. A shocking ac-

count is related by Macquer, of a person losing both eyes, by

the bursting of a phial containing fulminating gold, at the house

of Baume, and which exploded by the friction of the glass

stopper against a minute quantity that adhered unobserved to

the neck of the bottle. This accident ought to deter every one

from making experiments with this dreadful compound.

Gold may be known from all other metals by its bright yel-

low colour, and its weight. Its specific gravity is ig.3
j
when

heavier it must be combined with platina
;
when lighter, and

of a deep yellow colour, it is alloyed with copper
j

if of a pale

colour, witli silver.

This noble metal may be detected when in solution, by green

sulphate of iron: this precipitates it of a brown colour, which

soon changes to the colour of gold.

* Gold frequently occurs in the ores of other metals, but it

is chiefly found in the warmer regions of the earth. It abounds

in the sands of many African rivers, in South America, and in-

India. Several of the rivers in France contain gold in their

sands. It has also been discovered in Hungary, Sweden, Nor-

way, and Ireland. Near Pamplona, in South America, single

labourers have collected upwards of 200/. worth of wash-gold

in a day. In the province of Sonora the Spaniards discovered a

plain fourteen leagues in extent, in which they found wash-

gold at the depth of only l6 inches ;
die grains were of such a

size that some of them weighed / 2 ounces, and in .such quan-

tities, that in a short time, with a few laboulers, they collected

1000 marks (equal in value to 31,2ig/. 10s. sterling), even

without taking time to wash the earth that had been dug.
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3

fFhat is the effect q/ oxygen upon gold?

Gold has so little affinity for oxygen, that it

cannot be oxidized like the other metals ; though

this may be effected by amalgamating it with

mercury, and apply ing heat f.

They found one grain which weighed 132 ounces. This is

deposited in the Royal Cabinet at Madrid, and is worth 500/.

Dr. Black, ii. 6q4.

The native gold found in Ireland was in grains, from the

smallest size up to between two and three ounces. Only two

grains were found of greater weight, one of which weighed

five, and the other 22 ounces. See Phil. Trans, for 1796 .

Gold mines were formerly worked in Scotland, and indeed

now, grains of this metal are often found in brooks in that

kingdom, after a great flood. It has been said, that at the

nuptials of James V., covered dishes, filled with coins of Scotch

gold, were presented to the guests by way of dessert.

Some of the French chemists assert that they have absolutely

discovered gold in the ashes of vegetables.

t Gold has generally been tliought susceptible of two degrees

of oxidizement
;
the purple, and the yellow oxide

j
but neither

of them is ever fouud native. See a note on metallic o.xides

and the formation of metallic salts, in chap. ii. under the 14th
question.

It was formerly imagined that gold could not be oxidized by

atmospheric air, even in the highest temperature ; it has how-
ever been proved, that the heat produced by an electrical or

galvanic discharge is sufficient to effect it, and to convert the

whole of the metal to the purple oxide.

According to Fourcroy, gold and silver m.ay be oxidized by
triturating them in a mortar with saliva. This method is fre-

quently made use of for oxidizing mercury. Saliva has a great
affinity for oxygen. Nature seems to have'Cndowed it with
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What salts of gold are there ?

There is only one salt of this metal that is

much known to chemists, viz. the muriate of

gold* *, which is obtained in small crystals, and

is very soluble in water. ' Many other salts may

this property, that it may absorb oxygen from the air to impart

it to the food.

" If gold and silver should, when heated with other metals,

undergo a slight degree of calcination by such a process, a

stronger he^ alone makes them immediately resume their

pure and metallic form. The allusion therefore to this quality

* of the precious metals, to illustrate the triumph of a good heart

over misfortune, is peculiarly beautiful
;
and as this is to be

found in the book of Job, the discovery of the oxidizement and

reduction of these metals must be very ancient."

The attraction of gold and silver for oxygen is so slight,

that the rays of the sun alone will deoxidize the oxides of these

metals.

The oxides ofgold may be reduced by hydrogen gas, or sul-

phurous acid gas. If white satin ribbon, or silk, be moistened

with a diluted solution of gold, and, while moist, exposed to a

current of either of these gases, the metal will immediately be

reduced, and the silk' become gilt with a regular coat of gold.

In this way any ornamental figures may be laid upon silk, the

gilding of which will be very permanent. For the rationale of

this process consult “ Mrs. Fulhame on Combustion," to whom

we are indebted for the idea.

* This salt is formed by dissolving gold in' nitro-munatic

acid, and leaving the solution at rest for the salt to crystallize.

In this process the nitric acid affords oxygen to the metal
;
and

as the metal becomes oxidized the oxide is dissolved by the mu-

riatic acid. Nitro-muriatic acid and oxygenized muriatic acid

are the only acid solvents of this metal. A solution of muriate
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be formed with this metal^ but nothing at present

is known either of their properties, or usesf.

What art the uses ofgold?

Gold is used for jewellery, for plate, and for

current coin ; but for these purposes it is gene-

rally alloyed];. It is employed in various ways

of gold, when concentrated by evappration, yields beautiful

yellow ciystals not unlike topazes.

If ether be added to a solution of muriate of gold, the gold

will leave the acid, and float upon its surface, combined with

the ether. This ethereal solution has lately been used by Mr.

Stodart and Mr. Savigny fqr defending their lancets and other

surgical instruments from injury by a damp atmosphere. See

Nicholson’s Journal. It was formerly used in medicine under

the name of potable geld. In those days of credulity it was

generally prescribed to all patients who could furnish the apo-

thecary with gold enough to make a sufficient quantity of the

medicine to ensure a cure. The account which old Glauber

gives of this celebrated panacea at the end of his “ Treatise on

Philosophical Furnaces,” 1651, page 393, will afford the reader

some entertainment.

f As there are thirty-two acids, each of which is probably

capable of uniting with each of the metals, the number of

metallic salts that may be formed by art will amount to many

hundreds : but in this elementary work, only those most known

will be noticed j
particularly the native salts, as these are the

most interesting, and will be most easily remembered. In

order to form this part of the chapter, I shall ava’d myself chiefly

of Dr. Thomson’s account of these bodies.

J Gold,, employed in jewellery, is generally alloyed with

copper. What is called pale gold is alloyed with silver. See

an interesting pdper on the various alloys of gold, by Charles

Hatchett, esq. in Phil. Trans, vol. xciii. 43.

Standard gold of Great Britain is twenty-two parts pure gold.
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in thearts*
*

. Gold is also used to spread over

Ollier metals to preserve them from tarnishing or

rusting, as gold does not become oxidized by ex-

posure to atmospheric air f

.

What is the origin of silver?

Silver is found in various parts of the world in

a metallic state];; also in the states of a sulphuret,

a salt, and an oxide §.

and two parts copper
j it is therefore called gold of " twenty-

two carats fine.”

* “ In France they grind leaf gold, or the clippings of leaf

gold, with honey, and then put it into muscle shells this they

call gold in powder, or in the shell, . This gold, so prepared, is

used for painting in miniature.” Monsieur Pomet's history of

drugs. Grinding leaf gold with honey, is now commonly prac-

tised by some artists in this country.

f Gold is also used in a state of solution, for staining ivory

and ornamental feathers It gives a beautiful purple red,

which cannot be effaced : even marble may be stained with it.

The nitro-muriatic acid is the menstruum used for this pur-

pose. The potters dissolve gold in this way, to be applied to

the common kind of porcelain. Bismuth or zinc will precipi-

tate gold from this solution. Tin will precipitate it of a beau-

tiful purple, called the purple precipitate of Cassius. This also

is used by the potters in printing on porcelain. Sulphuret of

potass will likewise dissolve gold. Some have thought that

Moses made use of this process to render the calf of gold,

adored by the Israelites, soluble in water, Stahl wrote a long

dissertation in order to prove that this was the case. See Ad-

ditional Notes, No. 2g.

X Silver was used in commerce eleven hundred years before

the foundation of Rome. Genesis xxiii. l6.

§ Native silver is found chiefly in the mines of Potosi. Sul-
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What is the nature of silver f

Silver is a heavy, sonorous, brilliant, white

phuret of silver occurs in the silver mines of Germany, Hun-

gary, Saxony, and Siberia. Oxides of silver are also common

in some of the German silver mines. Silver has lately been

found in a copper-mine in Cornwall. See Mr. Kitchen’s paper

in Philosophical Transactions, vol, xci. 159 , Most ofour lead-

mines also afford it, particularly some of the lead-mines in

Scotland. In the county of Antrim in Ireland, there is a mine

so rich, that every thirty pounds of lead- ore is said to produce

one pound of 'silver.
“ In the museum of the Academy of

Sciences at Petersburg, is a piece of native silver from China, of

such fineness, that coins have been struck from it, without its

having passed through the crucible.” Storch’s Picture of Peters-

burg, p. 330.

By the silver which was procured from the lead-mines in

Cardiganshire, sir Hugh Middleton is said to have cleared two

thousand pounds a month, and that this enabled him to under-

take the great work of bringing the New lliver from Ware to

London. In 1637, a mint was established at Aberystwith for

coining Welsh silver. Bishop Watson,

Aristotle says, that some shepherds discovered the method of

working the silver-mines of Spain
j
for, having occasion to clear

a quantity of land by burning down the wood, they found fused

silver produced by the operation of the fires.

It is owing to the spirit which the promulgation of chemical

science has diffused among the landliolders, that a silver-mine

has been discovered in Cornwall, which has been worked for

20 years past with advantage.

Nature, profusely good, with wealth o’erflows.

And still is pregnant, tho’ she still bestows,”

Blacklock.,

It may be ascertained whether an ore contains silver, by
pulverizing it and dissolving it in nitric acid, and afterwards
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metal* *; exceedingly ductile, and of great mal-

leability and tenacity. It possesses these latter

properties in so great a degree, that it may be

beaten into leaves much thinner than any pa-

perf; or drawn out into wire as fine as a hair,

without breaking.

adding a little muriatic acid.
^
Should it contain any silver, the

muriatic acid will instantly combine with the whole of it, and

precipitate it from the nitric solution in white flakes of muriate

of silver. In order to know the proportion of silver in any

given quantity of ore, collect this precipitate on a filter, heat it'

red, and weigh it accurately. Every 100 grains of this preci-

pitate contains 73 grains of pure silver.

* The specific gravity of silver is 10.500. It is a very soft

metal.

f Fifty square inches of silver leaf weigh not more than a

' grain. The silver wire used by astronomers is not more than

half as thick as a fine human hair.

Silver melts at 28° of Wedgwood. In a temperature much

higher it becomes volatilized.

Silver, gold, and platina require the heat of a powerful burn-

ing lens in order tD put them in a state of combustion.

Silver has such an affinity for muriatic acid, that this acid is

employed as a test for discovering silver in solution.

Silver readily combines with sulphur. According to Mr.

Hatchett, those who rob the public by diminishing the current

silver coin make use of the following method. “ They expose

the coin to the fumes of burning sulphur, by which a black

crust of sulphuretted silver is soon formed, whicl\, by a slight

but quick blow, comes off like a scale, leaving the ccwn so little

affected, that the operation may sometimes be repeated twice

or thrice, without much hazard of detection. Philosophical

Transactions, vol. Ixxxviii.
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What is the effect of oxygen upon silver ?

Silver cannot be oxidized by atmospheric air,

unless exposed to an intense heat; but the oxide

of silver may be procured by dissolving the metal

in an acidj, and then precipitating it by an

alkali. There are two oxides of silver at present

known, viz. the gray, and the white oxide §.

To know when silver is pure, heal it in a common fire, or

in tlie flame of a candle : if it be alloyed, it will become tar-

nished
j but if it be pure silver, it will remain perfectly white.

t The proper solvent for silver is the nitric acid, and, if the

silver be pure, the solution will be colourless. If it contain

gold, that metal will be precipitated as the silver dissolves. In

dissolving dollars, I have sometimes seen a considerable quan-

tity of gold precipitated. The Spanish dollars, I believe, al-

ways contain gold.

Silver is dissolved in nitric acid for forming the metallic tree.

It is a pleasing experiment attended with very little expense.

A metallic crystallization somewhat similar may be made by

suspending a piece of zinc in a solution of acetate of lead. See

Gren’s Chem. vol. ii. 382, Thomson’s Fourcroy, vol. ii. 487.

§ Metals can combine only with one certain portion of

oxygen, to give the first degree, and if that portion of oxygen

be not present, the metal will not become oxidized. But

when a metal is susceptible of two or more degrees of oxidize-

ment, it becomes first oxidized with the smaller quantity of

oxygen : after this, the new combination has a further attrac-

tion for oxygen, and the second degree of oxidizement takes

place, &CC.

Silver, when reduced to a liquid amalgam with mercury, ig

liable to be oxidized at the temperature of the atmosphere.

This is owing to its having lost its natural coherence by that

operation. The same ra.iy be said of an amalgam of gold.
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J'Vhat salts are there of silver ?

TThc nitiatc of silver* is best known
j but in

analysis tlie sulphate of silver is also a most useful

test; many other salts of this metal f may likewise

* This salt is kept in chemical laboratories as a test for the

muriatic acid. When melted, and run in moulds, it forms the

lunar caustic of the apothecary. When dissolved in water and

left at rest, it crystallizes in brilliant transparent plates of dif-

ferent forms. Though the solution is as pale as pure water,

it will stain the skin and other animal substances of an in-

delible black. It is employed to dye human hair
j

for staining

marbles and jaspers
;
and for silvering ornamental work. This

salt is the most powerful antiseptic known. One ounce of it

dissolved in 12,000 ounces of water will preserve the water

from putrefaction for ever, and it may any time be separated

therefrom in a few minutes, by adding a small lump of com-
mon salt. Dr. Black, vol. ii. 66l. An ingenious method of

silvering ivory by the solution of this salt may be seen in Count
Rumford’s Phil. Papers, vol. i. 22.

A solution of nitrate of silver mixed with a little gum water
forms the indelible ink used in marking linen.

f Hyperbxygenized muriate of silver has been used in

making fulminating powder. If this salt be mixed with half its

weight of sulphur, and struck slightly, it detonates with pro-

tligious violence. The flash is white and vivid, and the silver

is reduced. Dr. Thomson, ii. 53p.

What is usually called J'ulminating silver, is made by a dif-

ferent process ; but as it is so dangerous an article, it was

thought best to omit giving directions for preparing it, in a

work designed principally for the use of the young and the in-

experienced. It is so dangerous, that a minute quantity only

can be made at a time with safety, and even that could not be

removed to a phial, without the utmost risque of shattering the

glass by its detonation.
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be formed,. Tlie muriate and tlie carbonate of

silver are both found native j'.

JVhat are the uses of silver ?

Silver is used chiefly for ornamental work^ for

domestic utensil's §, and for current coin; but

for these purposes it is generally alloyed with

copper
j{,

without which it would not have suf-

ficient hardness to sustain much wearlT.

How is plsitinsi procured P

Platina is found in grains^ in a metallic state,

at St. Domingo, and at Santa Fe fn Peru

t Muriate of silver has been found crystallized in Saxony,

and in South America. Carbonate of silver has been found in

masses in Suabia.

§ Pliny observes, that such was the luxury of the Romans,

that it was simply reckoned a piece of elegance to consume in

the ornaments of coaches, and in the trappings of horses, me-
tals which their ancestors could not use even in drinking-ves-

sels, without being astonished at their own prodigality, Nero
and his wife shod their favourite horses widi gold and silver.

Bp. Watson, vol. iv. 18S.

(I
Our standard silver is formed with 15 parts pure silver, and

one part copper.

^ Silver is also used for plating other metals, for silvering

diaKplafes, &c. An account of these different processes may
be found in Iraison’s School of Arts.

* Charles Wood was the first person who brought any of

tliis metal to England. He brought it from Jamaica, in the

year 1741 ;
and published an account of his experiments upon

it, in the Phil. I'rans, for lydQ and 1/50. Platina in the lan-

guage of Peru means little silver.

I'he ore of platina contains no less than nine different sub-
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Whfit is the nature of platina?

Platina is the heaviest of all the metals*; is

nearly as white as silver ; and is difficultly fu-

sible ; hut by great labour it may be rendered

malleable, so as to be wrought into utensils like

other metals f. It will resist the strongest heat

stances, viz. silex, iron, lead, copper, platina
;
and four new

metals, which are called iridium, osmium, rhodium and pal-

ladium. It is possible, however, as has been hinted before,

that these latter may be merely alloys of other metals, as they

have been found no where but in the ore of platina. Platina

itself is indeed an alloy
;

for even after fusion, it is magnetic

from the presence of iron. The properties of these new metals

have as yet been but little investigated. For the metliods of

analysing the ore of platina, consult Dr. Wollaston’s and Mr.

Tennant’s papers in the Philosophical Transactions, which are

the best treatises on this metal.

Platina may be distinguished from all other metals by adding

a solution of muriate of ammonia to a solution of the metal in

nitro-muriatic acid, when a red-coloured precipitate will in-

stantly appear. This is the only means yet known to discover

when gold has been alloyed with this metal. Gold is generally

known, if weighed hydrostatically, by its specific gravity
;
but

if it be alloyed with platina some other test is necessary, as

platina has a greater specific gravity than gold.

Some of the methods which have been employed to procure

platina in a state of purity may be seen in Thomson’s Chemis-

try, in the Phil. Trans., and ather modern publications.

* The specific gravity of hammered platina -is 23 .60 ,
which

is more than double that of lead. It may always be known

from other metal^ by this superior specific gravity, it being the

heaviest body in nature.

f Mr. Knight was one of the first of the modern chemists
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of our fires without melting and, like iron, is

capable of being welded when properly heated,

is the effect of oxygen on platina f

The oxygen in atmospheric air has no effect

upon plalina§, unless when assisted by an in-

tense heat; but the oxide may be procured by

dissolving the metal in nitro-muriatic acid, and

precipitating it by an alkali
||.

What salts are there of platina f

A variety of salts may be formed with the

who pointed out a way to render thit metal malleable. See his

paper in Philosophical Magazine, vol. vi. 1 . Another method

to accomplish this end has been published by Mr. Tilloch, in

the twenty-first volume of the same work.

Platina has been drawn into wire less tlian the two thousandth

part of an inch in diameter.

X The strongest of the pure mineral acids has no effect upon

this metal, if employed separately
j neither has tlie strongest

fire, unless it be urged by a stream of oxygen gas. It may,
however, be melted by a burning lens, or dissolved in oxy-
genized muriatic acid, or nitro-muriatic acid. If mixed with
arsenic, and then exposed to a great heat, it fuses readily. By
putting a platina wire into the flame produced by the combus-
tion ofmixed hydrogen and oxygen gases. Dr. Thomson caused

it to burn with all the brilliancy of iron-wire, and to emit

sparks in abundance.

§ On account of this property, as well as its hardness, it

has been recommended for tlie fabrication of national standard

weights,

II This metal may also be oxidized by the electric spark,

or by heating it with nitre. The latter method was introduced
by Mr. Tennant. See Philosophical Transactions for 1797.
1 lie oxide, which is of a yellow colour, consists, according to
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oxide of this metal ; but none of them have yet

been brought into much use *. No salt of pla-

tina has yet been found native.

What are the uses of platiua ?

Platina has hitherto been chiefly used for che-

mical utensilsj such as crucibles, spoons, &c.f.

Mr. Chenevix, of 87 parts metal and 13 of oxygen. Native

oxide of platina is not knowm.

Proust says, that when platina is combined with other metals

it oxidizes more easily than has hitherto been believed, An-

nales de Chimie, tome xxxviii.

* In order to form any salt with this metal, the platina must

ba previously dissolved in nitro-muriatic acid or oxygenized

muriatic acid, these being the only menstraa that will act upon

it. And in making the nitro-muriatic acid, three parts of mu-

riatic acid should be mixed with one part of nitric acid
5

Proust

having determined that this mixture dissolves the largest pro-

portion of the metal. A solution of any other salt is then to

be added, and by double affinity the new .salt required may be

obtained. Thus a solution of phosphate of soda would probably

give a phosphate of platina.

-j- The important uses to which this precious metal may be

applied can be easily conceived, when it is considered that it

unites the indestructibility of gold to a degree of hardness al-

most equal to that of iron
;

that it resists tlie action of the most

violent fire, and also of the most concentrated acids. Aware

of these properties, a chemist in the neighbourhood of London

has been induced to expend several hundred pounds, in the fa-

brication of a single utensil for rectifying sulphuric acid. Ves-

sels of capacity made with this metal must always come ex-

tremely dear, as it is necessary to solder them with gold. There

is one disadvantage attending the use of this metal for chemical

purposes, which is, that it is corroded by caxiitic alkalies.
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and to make specula for telescopes. It has also

been beaten into leaves, and applied to porcelain

in the manner of leaf gold Its oxide is used

in enamel painting §.
'

Indeed crucibles of platina have been eroded by analy.sing mi->

nerals in them which have contained some of the neutral, salts.

J A very neat method to cover other metals with platina

was lately discovered by Mr. Stodart, who found that, like gold,

it may be taken up from its solution by sulphuric ether. See

A'icholson’s Journal for the year 180;».

It is said that M. Strauss has, after many experiments, suc-

ceeded in applying platina to the coating of copper with as

much ease as tlie common operation of tinning. The dura-

bility of this metal, and its resistance to acids and saline matters,

will render this a most valuable discovery.

An alloy of copper with tin's metal is likely to prove very'

valuable, as it is malleable and ductile, is susceptible of a

fine polish, and receives no tarnish of its lustre by exposure to

the air.

I am informed that crude platina melted with copper and sil-

ver affords a compound that oxidizes but little by muriatic or

nitric acid, and which when drawn into wire is highly elastic,

and very useful for springs that are designed to be exposed to

the action of the atmosphere. An alloy of this kind is em-

ployed in the manufacture of Mr. Stansbury’s new patent locks,

and is likely to give them great durability.

By melting 15 parts of gold with one part of purified platina,

Mr. Hatchett prbduced a yellowish-white alloy, extremely duc-

tile, and very elastic; so much so, that he is of opinion it

might be used with great advantage in making watch springs.

§ Klaproth proposed the use of platina in enamel painting,

instead of silver, which is liable to tarnish. Platina has nut

thi^ inconvenience, and when iiUertni.xed with figures of gold

has a beautiful appearance. Besidvjs, various coloured alloys

2 B
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Where in mercury fowid ?

Mercury is brought to Europe from ilie East

Indies, and fromPeru* *; but it is found in

"Tcater abundance at Alniadeii'l, in Spain, where,

it is extracted from tlie ore by distillation^.

may be formed by the union of the two metals so as to produce

a great variety of shade of colour. Directions for using platina

in this way may be seen in the 17 th vol. of the Philosophical

Magazine.

* The quicksilver mine of Guanqa Velica, in Peni, is I/O

fathoms in circumference, and 480 deep. In this profound

abyss are seen streets, squares, and a chapel, where religious

mysteries on all festivals are celebrated. Millions of flambeaux

are continually burning to enlighten it. The mine generally

affects with convulsions those who work in it. Notwithstand-

ing this, the unfortunate victims of an insatiable avarice are

crowded all together, and plunged naked into the.se abys.ses.

Tj'ranny has invented this reflnement in ciueltv, to render it

impo.ssible for any thing to escape its restless vigilance.

“ Thus in the dark Peruvian mine confin’d.

Lost to the cheerful commerce of mankind.

The groaning captive wastes his life away.

For ever exil’d from the realms of day
j

While, all-forlorn and .sad, he pines in vain

For scenes he never shall possess again." Falconer.

+ Tn the year IflJ. b’ere remained above 1200 tons of

quicksilver in the magazines at Almaden, after the necessary

quantity had been exported to Pern for the use of the silver

mines there.
, . , rx . w

Tlic nnicksilver mines of lilria, a lown m the circle of Loiaef

Ann.ria, have constantly been svrousht for 300 years, and are

,hough, upon an average to yield above 100 tons of qn.eks.lver

aimually. Bp. Watson.
, . .

- Mercury is found also in Hungary and China
>

it occur.-
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JVhnt is the nature of wercury ?

Mercury, in the temperature of our atmo-

spliere, is a fluid nu tai §, ba^in^ the appearance

of melted silver: in this state it is neither ductile

most commonly in argillareons scliistus, limestones, and sand-

stones. It is found in Sweden amalgamated with silver, and,

trequenti}', combined with sulphur. Running mercury is

found in globules, in eartlis.and stones, in America, and col-

lected from the clefts of^the rocks there. Cinnabar, or sul-

phuret of mercury, is generally found also in those countries

which pi-oduce the fluid metal. To extract the metal from the

cinnabar, this ore is mixed with quicK-lime and then submitted

to heat. The lime combines with the sulphur, and the mer-

cury, which sublimes from the mixed mass, is collected in

recewers. An account of the whole process may be seen in

the Memoirs of the French Academy for I 77 O’. See also Note,

page 352.

According to Proust, mercury is found mixed with all ma-

rine salt; and the muriatic acid of commerce contains mercury

in the state of corrosive sublimate, arising from the mercury

naturally mixed with sea-salt. Nicholson's Journal, vol. iii.

4to, 375 .

§ We see mercury always in a fluid state, because it is so

very fu.sible that a small portion of calm ic is able to keep it in

a state of fluidity
;
but it is as perfectly ojiaque as other me'als.

All metals require different portions of heat to iuse them.

Lead melts with so little heat, that when first melted the hand

may be plunged in it without occasioning pain; wheieasgold

requires the heat of 32° of Wedgwood to melt it, and platina

c-annot be fused by the strongest heat of our best furnaces.

Mercury, M'hen submitted to a sufficient deg;ee ot cold, is si-

milar in appearance to other metal.s, and may be oeaten out

into plates. It has been deternfined that 3g degrees below zgry

B 'J
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nor malleable ;
very volatile whenheated*

*

t ex-

tremely divisible ; and is the heaviest of all the

metals except platina and goldf. It readily

combines with several of the other metals, and

forms wdth them what are called amalgams;];.

What cjject has oxygen upon mercury ?

Mercury does not combine with oxygen§ in

of Fahrenheit’s thermometer is the point at which the conge-

lation of mercury takes place. At the pole» quicksilver would

be uniformly solid.

In the winter of 1799, P^pys froze 56 pounds of mercu-

ry into a solid and malleable mass. A minute account of tlie

process by which he effected it may be seen in the Philosophi-

cal Magazine, vol. iii. page 76 .

* Mercury is a substance so volatile that it may be distilled

like water. It is sometimes purified in this way from a mix-

ture of other metals, it being often adulterated with lead and

bismuth. It is also so elastic when in a state of vapour,, that

it is capable of bursting the strongest vessels. There is no bet-

ter way of ascertaining the purity of mercury than by mixing

it with an equal weight of iron-filings, and submitting it to distil-

lation.
’

f According to Mr, Biddle, the specific gravity of mercury

at 47 degrees above zero is 13.545; but when frozen into a

solid at 40 ie/ow zero, IS.Gl^.

J Mr. Cheneyix has pointed out a singular anomaly in the

amalgamation of platina. The specific gravity of the amalgam

he states at only 11.5, whereas the specific gravities of the me-

tals from which it is formed are not less th.an 13 5 and 21.

No one has hitherto given any satisfactory explanation of this

curious circumstance.

§ Mercury will not burn either in atmospheric air, in oxygen

gas, or in oxygenized muriatic gas. The same may be said of
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the ordinary temperature of the atmosphere, even

when an extended surface is exposed ; but if

heated to about 600° of Falir. it gradually be-

comes oxidized. Acids are generally employed

to oxidize it jj.

IVhat salts are there of mercury F

There is a great variety of mercurial salts; but

the acetate, the sulpliate, the nitrate, and the

muriate of mercury are best known. The latter

is found native in the Palatinate^.

gold and silver; which has induced Dr. Thomson to exclude

these three metals from the class of combustibles, S(;e his

Essay on Combustion, in Nicholson’s Journal.

II
Mercuiy may readily be oxidized by dissolving it in nitric

acid, and then precipitating it from its solution by the addition

of a pure alkali, or by exposing the solution to a proper degree

of heat to expel the remaining acid.

The beautiful scarlet pigment called vermilion is prepared

from mercury. It is the red sulphuretted oxide of mercury,

Europe has hitherto been furnished \7ith it by the Dutch ma-

nvifacturers, and of greater beauty than any which has been

procured from other markets
;
though it is said that (fven this

article is inferior in splendour to that which is manufactured in

China. What is imported from thence comes in small papers,

and is nearly of the colour of fine lake.

Several salts are formed by art with this metal for rqedi-

cinal purposes
;

viz. Keyser's pill, which is an acetate of mer-

cury; Turhith mineral, a sulj-sulphate of mercury; Bed pre-

cipitate, or oxide by means of the nitric acid
;
Calomel, or mild

muriate of mercury ;
and Corrosive sullimate, which is an oxy-

genized muriate. Besides these there is a preparation called

Precipitate per se, which is a true oxide of the metal; and
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What are ih-e uses of mercury ?

Mercury is used in larj^e quanlifies frtr sil»/er-

ing mirrors^ for waterg-ilding* *, for makii'g baro-

meters and thermometers, and in the ma-Mifaeti ro

of vermilion. It has also various ar?d important

uses in medicinef.

Ethiops mineral

,

and Cinnabar, which are boih comhiii^tiuts

of mercury with sulphur.
:

i

One of the most valuable of the above salts is calomel, v hich

is made by triti.raiiiig fluid mercury with corrosive su limate,

and then submitting the mixture to sublimation. As this me-

dicine is much u.ed in private families, 'and as dreadful conse-

quences might ensue if if were improperly prepared, it ough^

to be generally known, that if it be not perfectly insipid lo the

taste, and ihdissolubl* by long boiling in water, it contains a

portion of oxyg 'mzed muriate of mercury, or corrosive subli-

mate, and is consequeullv poisonous.

* See Additional Notes, No. 29.

f A fulminating powiier has also been made with this metal,

which might be advantageously employed for blasting rocks,

as its immediate force is much greater than that of gunpowder,

though it does hot extend so far. Thi.^ is said to have beeii dis-

covered by Mr. Howard, and is usually called “ Howard’s ful-

minating powder but it appears from a pamphlet I have

lately seen, entitled Mtscclldnea vere- utilia, by Boyle Godfrey,

published many years before this discovery, that this sa'rne

powder had then actually beeii prepared; and tiiat, as 'the

author’s attention was Chiefly occupied with the nitrous ether,

he luckily escaped the darker of- operating upon the rejected
»

,

fulminating mercury. ' • ' >

In South America metcury is used to separate ghld and silver

from the extraneous matter found with those metals. By tri-

turating the mass with mercury^ the gold and silver become
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Now is copper procured ?

Copper is found in several parts of England

and Wales, particularly in Cornwall, and in the

isles of Man and Anglesea. It is an abundant

metal, and lias been raised in various other parts

of the world;};.

amalgamated with it
5
and afterguards this amalgam is submitted

to heat, when tlie mercury sublimes, and the perfect metals

are left in a state of purity.

Several of the uses of mercury were known to the ancients.

Theophrastus, an ancient Greek philosopher, who wrote about

300 years before Christ, was acquainted wdlh it, and knew' how-

to work it so as to form vermilion.

+ Copper mines have been worked in China, Japan, Suma-

tra, and in the north of Africa. Native copper is found in

Siberia crystallized in cubes. The copper pyrites found in

Cornwall and upon several parts of tlie English coast are sul-

phuret of copper. Anglesea yields more than twenty thousand

tons of copper annually. The vein of metal is more than 70

feet thick. Dr. Black, vol. ii. 047. See Additional Notes,

No. .32.

In the museum of the Academy of Sciences at Petersburg

is a piece of native malleable copper of extraordinary magnitude,

found on the copper-island lying to the east of Kamtschatka.

Storch’s Picture of Petersburg, page 31 Q.

Native oxides of copper ai'e found in Cornwall and in South

America. Carbonate of copper occurs as a natural production,

in tw'o varieties called malachite and mountain green.

I am informed that a large copper mine has been worked for

some time in the slate of New Jersey in America, and that

the ore raised there is brought to this country to be smelted.

The sulphate of copper is also found of a very rich quality in

the state of Connecticut. The stream destroys vegetation in
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Of what nature is copper?

Copper is of a red colour, verjsonorous** and

elastic f, and the most ductile of all the metals,

except gold.

its course
5
and where it settles in places near the spring, large

lumps of metallic salt are collected. The practice of precipi-

tating the metal by means of iron is also adopted in the

United States.

Copper mines have not been worked in England above 150

years. Before that period, whenever the workmen met with

copper ore in the tin mines of Cornwall, they threw it aside as

useless, no one at that time knowing how to reduce it to a me-

tallic state. To chemical science, therefore, we are entirely

indebted for such an ample supply of this valuable metal. Swr

Copper was the only rrioney used by the Romans till the

485th year of their city, when silver began to be coined. In

Sweden, houses are covered with this metal.

"When miners wish to know whether an ore contains copper,

they drop a little nitric acid upon it: after a little time they dip

a feather into the acid and wipe it over the polished blade of a

knife
5
and if there be the smallest quantity of copper in it,

the copper will be precipitated on the knife. A better mode ot

ascertaining the fact, perhaps, qould not be devised.

* It is on account of this property that eppper is chosen for

making trumpets and other musical instruments.

f Copper, on account of its elasticity, is used by rope-dancers,

.Sic. a wire-r\th of an inch dinmeter will support near 300

pounds.

Copper will not burn so easily as iron
;
which is evident from

its not striking fire by collision like iron. On this and other

accounts this metal has been substituted for iron in the ma-

chinery which is employed in gunpowder mills.

Copper does not enter into combustion till it has acquired a
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What is the effect of oxygen upon copper ?

Copper will in some measure become oxidized

by long exposure to atmospheric air, in which

case its surface will be covered with the green

oxide called verdigris It is susceptible of many

degrees of oxidizement §.

heat more than sufficient to melt it. But if kept in a stream

of oxygen gas, it will burn with a vivid blue flame.

Oxide of copper is soluble in ammonia, and precipitable

from its solution by sulphuretted hydrogen.

+ In domestic oeconomy the necessity of keeping copper

vessels always clean is generally acknowledged
5
but it may not

perhaps be so generally known, that fat and oily substances,

and vegetable acids, do not attack copper while hot , and, there-

fore, that if no liquid be ever suttered to grow cold in copper

vessels, tliese utensils may be used for every culinary purpose

with perfect satety.

Dr. Johnstone relates the shocking case of three men who

died, after excruciating suflerings, in consequence ^ot e.ating

some victuals prepared in an unclean copper, on board the

Cyclops frigate. Thirty-three other men became ill and were

put upon the sick-list, at the same time and from the same

cause. Essay on Poisons, page 102 .

Dr. Percival gives an account, of a young lady wdio amused

herself while her hair was dressing with eating samphire pickle,

impregnated with copper. She soon complained of pain in the

stomach, and in 5 days vomiting commenced, which was in-

cessant tor two days. After this her stomach became pro-

digiously distended; and in nine days after eating the pickle,

death relieved her from her suflerings. Medical 1 ransactions,

vol, iii. 80.

§ Copper beginning to be oxidized is brown and reddisli
;
a

Jittle more oxygen renders It blue; whereas a perfect oxide of

this metal is of a bright green.
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JVhat salts of Copper are there ?

There are a great many salts of copper; but

tkose most used are, sulphate of copper^, acetate

* Roman vitriol, much used by dyers and in many of the

arts, is sulphate of copper. Fowling-pieces and tea-urns are

browped by washing them with a solution of this salt. Vtrdi-

gris is an acetate of copper. Blue verditer, much used in

staining paper for hanging rooms, is a nitrate of copper com-

bined with carbonate of lime. The beautiful grass grei n colour

of the shops, called mineral green, is a muriate of copper. The

colour known by the name of Schtele's green is an arseniale

of copper. The colour called Brunswick green is a triple salt,

formed with potass, copper, and the tartaric acid.

Sulphate of copper is frequently found in the streams of

water in copper mines : these waters were suffered to run

to waste, till an attention to chemical affinities taught the

proprietors of the mines how to turn them to a good account.

The quantity of salt which they contain is not sufficient to

reimburse the expense of boiling it down to blue vitriol

;

but by tlirowing waste iron into these waters the salt becomes

decomposed, and the copper is precipitated in a metallic form.

This is owing to the sulphuric acid having a greater affinity for

iron than it has for copper. In the isle of Anglcsea this prin-

ciple is turned to an advantageous account.

Bishop Watson relates, that the waters which issue from the

copper mines in the county of Wicklow in Ireland, are so im-

pregnated with sulphate of copper, that one ot the workmen

having accidentally left an iron shovel in this water, he found it

some weeks after, so incrusted with copper, that he imagined it

was changed into copper. Tlie proprietors of the mines, in pur-

suance of this hint, made proper receptacles for die water, and

now find these streams ot as much consequence to them as tlie

piines.
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of coppcrf; nitrate, muriate, and arsemate of

cop[ er; and the tartrate of potass and copper.

Besides these, which are generally formed hy art,

the carbonate, the arscniate, the muriate, the

phosphate, and the sulphate of copper are found

in a native j;
state.

WJiat are the uses of copper?

The uses of this metal are too various to be

enumerated. Besides its employment to make

vessels of capacity, and to sheathe the bottoms of

ships, it is alloyed with zinc to make brass §, and

f An account,of the process of making verdigris at Mont-

pelier may be seen in Mons. Pomefs History of Drugs, page

338, or in Ajinales de Chimie, tom. xxv. 303.

Mr. Hume, of Loiig-Acre, has produced a very useful pig-

ment by the combination of Copper with the prussic acid. See

Phil. Mag. vol. xx. 142.

X The ores of copper, called malachite, and mountain green,

are native carbonates of copper, as was before mentioned. The

green sand brought from Peru is a native mui'iaie of copper.

A phosphate of copper, containing 30 per cent, of phosphoric

acid, has been found near Cologne. I he arseniate of copper

occu 's plentifully in the Huel Gaidand mine in Cornwall
j

and

julphate of copper ha.S been found in some mineral waters.

^ Brass is never made with puro ziiic, but generally with

calamine, whidi is a native oxide, or, rather, carbonate of 2inC.

Bishop Watson is of opinion that the orichalcum of the ancients

was the same as oUr brass. Pliny says that the best mirrors

Were anciently made with a mixture of copper and tin; but

that in his tirtie those of silver were So common, that they were

used even by the maid servants. These rtietallic mirrors wer6
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when combined with sulphuric acid forms Ro-
man vitriol*. Its oxides are employed in enamel

painting, and in the manufacture of several co-

lours.

What is the origin of iron?

Iron is plentifully and universally diffused

throughout nature, pervading almost every thing,

and is the chief cause of colour in earths and

stones. It rnay be detected in plantsf and in

animal fluids. It is found in great masses, and

very much in request among the ancient nations. The Egyp-

tian women, whenever they went to their temples, carried one

of these mirrors in the left hand. iV process for separating zinc

from brass will be found in Ann. de Chim. tom. xxxviii.

* In order to make Roman vitriol, the copper is first oxidized

by the following process : Plates of copper are heated red hot

in an oven, by which means they.become quickly covered with

a crust of oxide, which separates as tlie plates cool
j for the

metal contracts much on cooling, though the oxide contracts

but little, if at all.

Oxide of copper is used by the coloured-glass-raakefs. It

forms a beautiful green glass.

Mr. Sage has shown that copper combined with phosphorus

acquires the hardness of steel, is susceptible of the finest polish,

and does not become altered in the air. Phil. Mag. vol. xx.

150 .

Copper is used also in making princes-metal, gun-metal,

bell-metal, tombac, and some other mixed metals.

f Iron has been found in metallic grains in strawberries. It

Is said that oak wood when dried contains one-twelfth of it^

weight of this metal.
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in various states, in the bowels of the earth m

most parts of the w orld X.

+ There is a great variety of iron ores (chiefly composed of

the^oxides of iron and day), which have different names given

them by the workmen, and are of very different qualities 5
for

which consult Bergman, Kirwan, and others.

Native metallic iron has been found in Siberia and m Peru,

in a state of malleability, and yet in such enormous masses as

to preclude any supposition of their being the productions of

art. Besides, they are found entirely insulated, and at great

distances from any mountain, volcano, or bed of ore from

whence they might have been supposed to be derived. They

are so similar in their composition to the meteoric stones, that

Mr. Murray and some others are of opinion that they have the

same origin. La Place and Dr. Hutton suppose that these me-

teoric stones have been projected from a volcano in the moon.

“ In the museum of the Academy of Sciences at Petersburg,

U a mass of native iron twelve hundred pounds weight.”

Some of the French chemists are of opinion that iron owes

its origin to decayed plants and animals.

Iron is found in greater abundance than any other metal.

In the northern parts of the world whole moimtains are formed

of iron ore, and many of these ores are magnetic. Of the Eng-

lish ores, the common Lancashire hematite produces the best

iron. See Additional Notes, No 34.

In the great iron works, the ore, broken into small pieces

and mixed with substances to promote ils fusion, is thrown

into the furnace; and baskets of charcoal or coaks in due

proportion are thrown in along with it. See Note, page

16B. A part of the bottom of the furnace is filled witli fuel

only. This being kindled, the blast of the great bellows is di-

rected on it, and soon raises the whole to a most intense heat,

this melts the ore immediately above it, and the reduced metal

drops down through the fuel and collects at the bottom. The
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What is the nature of iron?

Pure iron is soft ami ductile*, and when dis-

solved has a sweet and styptic tasle, and emits a

peculiar smell when fubbed. tt is attracted bj
the magnet, and has the property of becoming

rest sinks dow'n, to fill np the void left by the consumed fuel

and metal : this, in its turn, comes next in the way of the

bellows, and is also redvaced. More ore and fuel are supplied

above, and the operation goes on till the melted metal at the

bottom, increasing in quantity, rises almost, to the aperture of

the blast : it is let out by piercing a hole in tlie side of the fur-

nace, and then forms what are called pl^s of cast iron. Dr.

Black, vol. ii. 400.

1 he rationale of making iron from the ore is well e.xplained

by Dr. Thomson, in his System of Chemistiy, vol. i. 13f>. See

also an excellent paper by Mr. Collier, in the Manchester Me-

moirs, vol. V.

* An iron wire, only one-tenth of an inch in diameter, will

Carry 450 pounds without breaking. A wire of tempered steel

' of the same size will carry near goo pounds. Black.

Iron is ofa livid blueish colour, very hard^ and the most elas-

Bc of all the metals. Its specific gravity varies from 7.6 to

7.8.

Iron becomes soft by heat, and has the capability of being

welded to another piece of iron, both being sufficiently heated,

so as to form one entire mass. No other metal pos,sesses this

singular property, except platina. Notwithstanding this, pure

iron is nearly infusible. In order to effect the fusion of this

metal, it is necessary to surround it with the fuel, and to urge

the fire to the utmost possible pitch. Crude or pig iron is

fused readily; hence, it may be cast into any form, and is em-

ployed in the fabrication of a vast variety of machinery and

uleii.sils.
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itself magnetic f. It is fused
;|;

with great

cultv, but it gives fire by collision with flint.

f If a bar of iron be suspended for some time in a perpendicu-

iai- positioHj it becomes magnetic. If friction be employed in a

peculiar way, it quickly acquires strong magnetic powers. For

particulars consult Cavallo’s Elements of Natural Philosophy.

The late Dr. Godwin Knight possessed a su^pri^^ing skill in

magnetism
j
being able, not only to communicate an extraor-

dinary degree of attractive and repulsive virtue to his artificial

magnets, but even to alter or reverse their poles at pleasure.

This singular man refused every offer that was made to him for

the discovery of his method, and, to the last, declared that

the largest sum that could possibly be tendered, should not in-

duce him to divulge it. Of course these curious and valuable

secrets died with him.

The advantages which we derive from the magnetic pro-

perty of iron are incalculable. To this astonishing property we

are indebted for an instrument—the mariner’s compass—by'

which man is enabled to traverse- the ocean, to open a friendly'

or commercial intercourse with every quarter of the world, and

to steer his course towards any particular country with tire ut-

most accuracy and certainty.

'' Tall navies hence their doubtful way explore.

And ev’ry product waft from ev’ry shore;

Hence meitgre want expell'd, and sanguine strife.

For the mild charms of cultivated life.” Blacklock.

I Mr. Wedgwood fused some soft iron nails in a crucible at

the heat of 154 of his scale. Sir George Mackenzie did not

produce the same effect till his furnace acquired the temperature

of 1 58°: cast iron melts at 130°.

Pmssiate of potass is the usual test for iron. When added

to a liquid which contains iron, it will cause a blue precipitate,

if the iron has its full complement of oxygen
;
but if the iron is

partially oxidized the precipitate will be gray'. Succinate of

ammonia will precipitate oxide of iron from its solutions.
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Is iron alwaijs used in the state in n:hich it is

procuredfrom the ore?

No : iron is employed in three states ; viz.

that of ofl.9tiron*, ’wrought ironf, and steel; each

of which is of a different quality, and used for

different purposes.

What constitutes the difference in these three

ki)ids of iron ?

Cast iron is the metal in its first state, rendered

fusible by the combination of carbon and oxy-

* To convert cast iron into wrought iron, tlie former is kept

in a state of fusion for a considerable time, and by repeated

stirring in the furnace, the oxygen and carbon which it con-

tains form an union, and rise from the mass in the state of car-

bonic acid gas. As the carbon and oxygen thus go off, the iron

becomes more infusible; it gets thick or stiff in the furnace; and

tile workmen know by this appearance that this is the time to

remove it from tlie fire, -and to submit it to the action of the

hammer, or the regular pressure of large steel rollers, by which

the remaining impurities are forced out, and the metal is ren-

dered malleable, ductile, and totally infusible. In this state it

is known in commerce by the name of bar iron. A considera-

ble loss in weight, howevei’, is sustained by this process
;
not

only from the impurities, but from the surface of the iron oxi-

dizing and tailing ofi in scales wliile hammering,

-j- In purchasing wrought iron, the workmen distinguish

two kinds which are both of very inferior value. They arc

called hot-short and cold-short iron. Tlie former is a fusible

metal, which possesses ductility when cold, but is so brittle

when heated, th.at it will not bear the stroke of the hammer.

The cause of this variety is not knowm. Ihelattei kind is \eiy

malleable and ductile while hot, but the utensils made with it
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g’en];. Wrought iron differs from the former, in
being deprived of this carbon and oxjgen, by
continued heat and repeated hammering, which
render the metal malleable §. Steel is made of
wrought iron, by various processes, whereby
the metal resumes a small portion of carbon, and
acquires a capacity to receive different degrees of
hardness

||.

are as brittle as cast iron when cold. Such iron contains a
portion of phosphuret of iron, which Bergman believed to be a
new metal, and called it siderite.

t Cast iron which breaks of a white colour should be re-
fused, as it contains a portion of phosphuret of i on.

§ Though iron is deprived of part of its carbon and rendered
malleable by hammering, too hammering will deprive it
o Its malleability. Dr. Black was of opinion that this arises
from the loss of a portion of its latent caloric by the operation
and that metals are malleable in proportion to the matter of
heat which they coi^ain in a latent slate. Lectures, vol. i. 139.

II
Steel, like cast iron, contains carbon, but is divested of oxy.

gen, which is always combined with the latter.

If a slender rod of wrought iron be plunged into cast iron in
^sion. It will absorb part of the carbon and become steel.

liat IS called ca^e-hardcning is a conversion of the surface of
ifon into steel.

Mr. Morveau exposed a diamond to intense heat, shut up in
a small cavity in a piece of tough iron. When he opened the
^vity he found the diamond entirely gone, and the iron around
>t converted into steel. Annales de Chimie, tom. xxxi. 328

^
h>s IS one proof that the diamond is carbon, and shows that it

IS pwe carbon, which combines with iron fo form steel, and
larcoal, which is an oxide of carbon. The peculiar hard-

2 C
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IVhat is the effect of oxygen upon iron ?

Iron has such an affinity for oxygen^ that it

will become oxidized merely by exposure to the

air. 'The oxides of iron* are found in great plen-

ness of steel is to be ascribed to its union with a portion of pure

carbon or diamond.

It is no uncommon thing for jewellers to expose such dia-

monds as are foul, to a strong heat, imbedded in charcoal to

render them clearj but in this process great care is taken to

have a sufficient quantity of charcoal to exclude the atmosphe-

ric air, otherwise the intense heat would produce combustion.

Steel, by repeatedly heating and hammering it, may be con-

verted into wrought iron.

A steel instrument may be known from one of iron thus

:

If a drop of nitric acid be let fall upon it, it will occasion a

black spot if it be steel, but will not have this effect if it be

wrought iron. The blackness is owing to the acid oxidizing

the carbon of the steel, and converting it into charcoal.

Cast steel is manufactured in some parts of this kingdom with

great secrecy
;
but it is now known that it may be made mere-

ly by fusing iron in an intense heat with carbonate of lime.

Cast steel contains more carbon, and is more fusible than com-

mon steel.
' ''

As different tempers are given to all kinds of edge-tools, by

the different degrees of heat to which they are submitted, what

is now a very precarious operation, might be reduced to a cer-

tainty by means of a metallic bath of fusible metals, contain-

ing a thermometer, to show the degrees of temperature. A

mixture of bismuth, lead and tin, will afford a compound that

will continue fusible with the heat of boiling water. -"Mr.

Stodai t has long availed himself of this method in making sur-

gical instruments.

* The chief distinction between Hack and red oxide of iron

is, that the latter coirtains nearly twice as much oxygen in a
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ty ready formed in the bowels of the earth. This

metal/ like most others, is susceptible of various

decrees of oxidizement.

What salts of iron are there ?

The most useful salts of iron are those com-

posed with the sulphuric, the nitric, the muri-

atic, and acetic acids; and these with some others

given portion as the former. The scales, which are detached

from forged iron by a high degree of heat, and which Dr.

Priestley employed in several of his last experiments in Ame-

rica under the name of finery cinder, are in the state of the for-

mer. The iron contained in martial pyrites is in the state of an

oxide combined with sulphur. The super-sulphuret of iron in

this mineral is converted into sulphate of iron at the great cop-

peras works^ by exposing the pyrites to the air and rain for se-

veral months, in large beds prepared for- the purpose. The

sulphur decomposes the water which falls upon the beds, and is

itself converted tliereby into sulphuric acid, which combining

with the iron forms the salt in question. This is afterwards ex-

tracted from the mass by lixiviation and crystallization. This

process is carried on upon a large scale at Deptford, near Lon-

don, where the united acidifying powers of air and water are

well exemplified, and is worthy the notice of all who delight

in contemplating the secrets of nature.

According to Mr. Chencvix, there are four oxides 6f iron,

the first or least degree of oxidizement being white, and pro-

gressively to green, black and red, founded upon the different

colours which minerals possess that contain iron. Others, how-

ever, think that this variety of colour results from the various

combinations into which the two oxides of iron enter, differ-

ence of colour being a very uncertain mark of difference in th*

degree of metallic oxidizement.

2 c 2
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are very essential to our manufactures'’^. The
arseniate, sulphate,

,
phosphate, chromate, and

tungstate of iron, have all been found native f

.

* Green vitriol, which is of so much use in dyeing, in mak-

ing hats, and in other manufactures, is a sulphate of iron,

foi raed, as has already been described, by the decomposition of

martial pyrites. The nitrates, muriates, and acetates of iron,

are prepared by art tor the use of calico-printers, who consume

great quantities of these salts in a state of solution.

-j- The native arseniate of iron is found in Cornwall; native

' sulphate of iron occurs frequently with pyrites
;
phosphate of

iron ready formed occurs frequently in bogs—it is called na-

tive Prussian blue; chromate of iron has been found in France

and in Siberia; and tungstate of iron e.xists native in a mineral,

found in Britain and elsewhere, called wolfram. The sparry

iron ore is a carbonate of iron.

Phosphate of iron has been very lately introduced as an im-

portant and efficacious application in cancerous complaints. See

one of the last numbers of the Medical and Physical Journal.

Carbonate of iron is commonly found in solution in chalybe-

ate waters : such waters may be known by the dark orange-co-

loured film which generally appears upon their surface : tho

oxide of iron is rendered soluble by an excess of carbonic acid.

This may be shown by adding a few grains of quick-lime to a

small quantity of such water
;

the lime will combine with the

carbonic acid, and the oxide of iron will be precipitated.

Besides the above, carburet of iron (usually called llaclt

lead) is found in several parts of the world. A combination

of iron and silex also occurs native, and forms what is called

emery
;

a substance very useful in the arts
;
and of which large

quantities are found in the island of Jersey. It is eraplo)'ed by

lapidaries, and by glass-cutters to cut glass and to stopper bot-

tles for diemical and other purposes.
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What are the uses of iron?

The uses of iron are innumerable ;
every thing

we possess is manufactured by its means ; it is the

most useful substance in the world ^Vhen

Some of the ores of iron are used in their native statej such

as the haematitCj which is made into burnishers, &c.

Iron was in use in the time of Moses, Deut. iv. 20., viii. 9 .,

and xviii. 5. Ti.e Greeks understood the method of tempering

it. Homer describes the firerbrand dropt into the eye of Poly?

phemus, as hissing like hot iron immersed in water;

” And, as when arm’rers temper in the ford

The keen-edg’d pole-ax, or the shining sw'ord.

The red-hot metal hisses in the lake.

So in his eye-ball hiss’d the plunging stake.”

Odyssey, book ix. 405.

X The property of welding, which, except platina, no other

metal possesses, renders iron the most suitable of all others for

every common purpose. It becomes soft by heat, and thus

may be moulded by the hammer into any form, and united in

as many parts as the workman pleases, without rivets or with-

out solder.

Were it not for this peculiar quality of Iron, many works of

the utmost importance could never have been executed. The

most stupendous fabric that I recollect to have ever read of,

tliat was achieved by means of welded iron, is the Chinese

Iridge of chains, hung over a dreadful precipice in the neigh-

bourhood of Kingtung, to connect two high mountains. The

chains are twenty-one in number, stretched over the valley, and

bound together by other cross chains, so as to form a perft-ct

road from the summit of one immense mountain to that of the

Oliver.

fourcroy says, iron is the only metal which is not noxious.
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converted into steel it is emplojed in Vcariouswavs* *, especially for edge-tools; all winch are

formed in part with this metal, from the pon-

derous pit-saw to the finest lancet f. Its oxides

and whose effects are not to be feared. Indeed, its effects on

the animal oeconomy are evidently beneficial.. For a detailed

account of its various and important uses in medicine, consult

Fourcroy’s Elements, Thomson’s edition, vol. ii, 466, and

following pages. /

The ancients had an idea that iron was poisonous, and that

wounds made with iron instruments healed with difficulty.

Hence, after the expulsion of the Tarquins, Porsenna stipu-

lated with the Romans that they should not use iron except in

agriculture.

* Good steel is much more ductile than iron
j
hence very mi-

nute instruments are generally made with it. A finer wire

may be drawn from it, than from any other metal.

f The excellence of edge-tools depends upon the temper

given to them by'heat. This requires great skill and peculiar

management. A valuable report on the art of making fine

cutlery may be seen in Nicholson’s Journal, 4to, vol. iv. 127.

Sulphate of iron is not only used by tire hatters and dyens,

but also in making ink, in the manufacture of Prussian blue,

in preparing leather, and in forming colcolhar for painters.

Colcothar is nothing more than sulphate of iron calcined to

redness. It not only makes a useful pigment, but is employed

in polishing different kinds of metals. It is from the iron

which it contains that a piece of an old hat is useful for the

same purpose. I he oxide of iron imparts its colour to a great

variety of natural substances. It is the cause of the redness of

common bricks
;

it gives colour to (he cornelian, the oriental

ruby, the garnet, and other precious stones. With different

proportions of oxygen it imparts other and different colours.
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are used in painting, enamelling,

in medicine.

dyeing, and

Where is tin procured'!^. P

Tin is found in Germany, in Saxony, and in

the East Indies; but in England it is chiefly

procured from Cornwall § and Devonshire.

What is the nature of tin P

Tin is a white metal, of little elasticity, and

Thus it gives the blue to the lapis lazuli, the yellow to the

topaz, &c. See Additional Notes, No. 40.

:|:
Tin must have been known very early, as it is mentioned

in the books of Moses. The edge-tools of the ancients, and

their coins, were made with mixtures of copper and this metal.

Tin is found only in the primitive mountains. Its ores occur

most frequently in granite, but never in limestone. About

3000 tons weight of tin are furnished annually in Cornwall.

Sulphuret of tin and the brown oxide of tin are often found

in the same county. See Additional Notes, No. 30.

§ According to Aristotle, the tin mines of Cornwall- were

known and worked in his time. Diodorus Siculus, who wrote

about forty years before Christ, gives an account of the me-

thod of working these mines : he says that their produce was

conveyed to Gaul, and from thence to different parts of Italy.

The miners of Cornwall were so celebrated for their know-

letlge of working metals, that about the middle of the seven-

teenth century the renowned Becher, ^ physician of Spire, and

tutor of Stahl, came over to thi.^ country on purpose to visit

them
;
and it is reported of him that, when he had seen them,

he exclaimed, that “ he who was a teacher at home, was a

learner when he came there.’’
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of but little taste. It is the lightest* of all the
metals, and so exceedingly soft and ductile that
it may be beaten out into leaves, thinner than
paper.

PVhat is the effect of oxygen upon tin P
Tin absorbs different proportions of oxygen,

but as yet only two of its oxides have been
much noticed, viz. the yellow f and the white

j
the first contains 20, the other 28 per cent, of
oxygen.

* The specific gravity of tin is 7.291, or, about 51 6 pounds
to the cubic foot : though the lightest of all metals except tel-
lurium, it is much heavier than earths or stones.

The purity of tin may be known by its specific gravity
j its

purity being in exact ratio with its levity : while gold, on the
contrary, is fine in proportion to its density.

Tin IS much more combustible than many of the metals. It
will burn in oxygen gas, before it acquires a heat sufficient to
fuse it,

1 in is soluble in all the mineral acids. It may be precipi-
tated from Its solutions by potass

j but an excess of potass will

re-dissolve the metal. Nitro-muriate of gold is a test for die

presence of tin in solution, forming a fine purple precipitate.

t A yellotv oxide of tin may be procured by dissolving gra-

nulated tin in very dilute nitric acid, and precipitating it from
the soluticn by an alkali : by pouring very strong nitric acid

on granulated tin, a white oxide may be prepared, which pre-

cipitates in a pulverulent form, and is to be washed and dried

for use. •

^

1 he yellow oxide of tin found in commerce is called putty
j

hut what is sold generally contains also oxide of lead. It is
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What salts of tin are there f

The muriate, the nitro-muriate, and the suU

phate of tin are most known ;
but many other

salts may be formed with this metal, None of

the salts of tin have been found native.

What are the uses of tin f

Tin is consumed in large quantities by the

dyers]; J it is used also for covering sheet-iron to

prevent its rusting §, and in forming plumbers*

employed in polishing fine steel goods, and the best kinds of

ornamental glass.

A white oxide of tin is used to forni the opake kind of glass,

called enamel. This composition is made by calcining 100

parts of lead and 30 parts of tin in a furnace, and then fluxing

these oxides with 100 parts of sand, and 20 of potash. But I

am of opinion that soda would answer the purpose better than

potash. To this enamel every kind of colour may be given by

metallic oxides.

Tin by means of the muriatic acid decomposes water, and

then, having been thus oxidized, readily dissolves in the acid

to form muriate of tin. A solution of this metallic salt has a

great affinity for oxygen. It deoxidizes a solution of indigo in

an instant, and changes it from blue to gieen.

+ Tin is used to form boilers for dyers, worms for rectifiers

stills, and many other utensils employed in the arts.

§ The consumption of tin for covering thin rolled iron, and

forming what are improperly called sheets ot tin, is very con-

siderable : besides this, tin is used for coating the inside ot non

and copper utensils, brass and .iron piiis, &c. For the method

of doing this, consult Additional Notes, No. 30 j
or Gren’s

Principles of Chemistry.

The use of tin was known to tlie Grecians. Homer men-
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solder, speculum metal, pewter, and some other

alloys. Its oxides arc used in polishing glass,

in glazing some kinds of earthen ware, and for

:various otherpurposes* *.

JVhat is the use of tin to the dyers ?

Tin is employed by the dyers to give a bright-

ness to cochineal, archil, and other articles used

in forming reds and scarlets; and to precipitate

the colouring matter of other dyes. For these

tions it in the Iliad. Pliny says, the Romans learnt the method

of tinning their culinary vessels from the Gauls. They used

tin also to alloy copper for the purpose of making those elastic

plates which they employed in shooting darts from their war-

like machines.

Tin is employed to form bell-metal, bronze, brass for can-

non, and a variety of other compounds. The addition of tin

renders copper more fluid, and disposes it to assume all the

impressions of the mould. Witli this view it was probably

used by the ancient Romans in their coinage. Many of the im-

perial large brass, as they are called, are found to consist of

copper and tin alone. Coins also frequently occur which are

undoubtedly antique, that contain a very large proportion of

tin, made by the forgers in the different reigns, in imitation of

the silver currency. There are coins of Nero of a most de-

based and brittle brass.

* A combination of the while oxide of tin with sulphur by

means of mercury, forms aurum musivum (mosaic gold), an

article dsed by artists to give a beautiful colour to bronze. I

suspect that the change produced in tin by this process gave rise

to the idea of the transmutation of metals. If the alchemists

were acquainted with this substance, no wonder that they

should indulge the hope of being able to form gold. An ex-

perimentalist without theory is the dupe of every illusion.
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purposes it is previously dissolved in a peculiar

Ivind of aqiia-fortiSj called dyer’s spirit-^.

What is the nature of lead ?

Lead is a heavy metal of a pale_, livid, white

colour ; slightly sonorous ; has scarcely any taste;

and emits a peculiar smell on friction. It has

little elasticity, and 3'ields readily to the hammer,

being the softest of all metals. It generally' con-

tains a small portion of silver §, and sometimes

mercury.

f Several of the colouring substances which produced to

the ancients only faint and fleeting colours, give us such as are

brilliant and durable by the use of this metallic solution. A
considerable degree of nicety and judgm^t is however requisite

for its preparation
;

so much so, that there are many large

dyers who can seldom prepare it so well as those who are fully

acquainted with its chemical properties and effects, and make
it an article of tiade. The difficulty is in a great measure

owing to the nature of the acid they use
j as those makers of

aqua-fortis who know nothing of chemical affinities, or of the

nature and operation of this invaluable mordant, often furnish

them with an article which is unfit for their use. Few arts

have received such improvements from chemistry as the art of

dyeing; for even cochineal gave but a dull kind of crimow till

a chemist of the name of Kuster, about die middle of die

seventeenth century, discovered the use of solution of tin, and
the means of preparing with it and cochineal a durable and

beautiful scarlet.

X The specific gravity of lead is 1 1 .35.

§ Lead may be mixed with gold and silver in a moderate
heat, but when the heat is much increased the lead rises to

the surface combined with all heterogeneous matters. Ihe
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Where is lead procuj'cd ?

Lead ore is found in great abundance in Scol-

art of refining the precious metals is built upon this property of

lead.

Lead, when dissolved in acids, has the property of imparting

a saccharine taste to substances with which it may be mixed.

The ancients knew that this metal rendered harsh wine milder,

but did not suppose that it was poisonous. According to Pliny,

the Greeks and Romans proved the quality of their wines by

dipping a plate of lead in them. Beckmann’s History of Inven-

tions, vol. i. 398. 400. I have a treatise on the management

of wines, printed so lately as 1/83, which directs the use of

lead in order to preserve them from acidity. How much is

the present age indebted to chemical science, which instructs

ns respecting the properties of different substances ! Some of

our wine-merchants, probably in consequence of this direction,

may have contaminated tlaeir wines with lead, without suspect-

ing that they were distributing a slow poison to. their customers.

For the effects of lead on the animal system, consult a late

w'ork by Dr. Lambe, on the Nature of Spring Water. See

Additional Notes, No. 31.

Lead wall not only correct the acidity of w'ines, but it will

also take off the rancidity of oils. With this intention, I have

been informed, it is often used to make inferior olive oil pas?

for good.

Vats of lead have been used in some cyder countries, which

have produced incalculable mischief.

Lead, in its metallic state, like all the other metals, is

probably inert : but it is so easily acted upon by the weakest

acids and alkalies, that it cannot be taken even in this form

W'ithout the most imminent danger.” .Tohnstonc on Poisons, 1 13.

Sir George Baker has carefully investigated the effects of

^ead on the animal occonomy, and in the 1st vol. of the Me-:
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land, in Derbyshire, and in many other parts of

the world

JVhat is the effect of oxyg’en upon lead P

Like other metals, lead presents us with a va-

riety of its oxidesf, and, according to the dose of

dical Transactions, has full)'' described the peculiar hind of colic

produced by if.

* Lead ore is generally found in veins, both in siliceous and

calcareous rocks. Galena, or sulphuret of lead, is very com-

mon both in masses and crystallized. Lead is also found com-

*
*

billed with silver, antimony, sulphur, and bisrnuth. O.'iides

of lead combined with various earths also occur in mining coun-

tries. I.ead ochre is a native oxide of lead.

Lead was in common use among the ancients. The Romans

sheathed the bottoms of their ships with this metal, fastened

by nails made with bronze. During the first century, lead at

Rome was twenty-four times as dear as it is now in Europe;

whereas tin was only eight times its present price.

Lead, in the state of cerase, was in great request among the

Roman ladies as a cosmetic. Plautus introduces a waiting-

woman refusing to give her mistress either ceruse or rouge,

because forsooth, in the true spirit of a flattering Abigail, she

thought her quite handsome enough without them. Bishop

Watson.

The lead ores which are found in the primitive slate moun-

tains contain much silver, generally 8 or 9 per cent.

f When lead is melted in an iron ladle, a scum will quickly

.appear upon its surface ;
if this be removed, aijother will im-

mediately succeed, and in this manner the whole of the lead

may be converted into a gray pellicle, which is the }>ray oxide

of lead. If .this gmy o.xide be exposed to a low red heat in a

reverberatory furnace, it will acquire a further dose of oxygen.
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oxygen, we hav,e the gray, the white, the red,

or the brown oxide * of tliis metal.

JVhat salts of lead are there ?

The salts of lead are very numerous, perhaps

equal to the iiurnher of acids
; but the muriate,

sulphate, carbonate, and acetate of lead f are

and be converted into yellow massicot
;
and if the heat be con-

tinued it will at length be changed to the red oxide of lead.

* If nitric acid of the specific gravity 1.260 be poured upon

the red oxide of lead, 185 parts of the oxide are dissolved
j
but

15 parts remain in the state of a deep brown, or brilliant flea-

brown powder. This is the Irown oxide of lead, containing

21 per cent, of oxygen.

Lead may be converted into an oxide by heating it in a situa-

tion where it can have free access of atmospheric air. All the

oxides of lead may be reduced to metallic lead by heating them

with a mixture of tallow and charcoal, or any substance that

will absorb the oxygen. This may readily be shown by placing

a few grains of red lead upon a piece of charcoal, and fusing it

with a blow-pipe. Even the oxide of lead which is combined

with flint-glass may be revived by melting the glass with any

carbonaceous substance.

Fourcroy says, that all the oxides of lead have the property

of absorbing carbonic acid from the atmosphere
j
and that if an

oxide of lead be required in a state of purity, it ought to be

defended from the access of air,

f According to Mr. Hume, nitrate of lead, as a chemical test,

should always be preferred to acetate of lead, as the last is so

liable to give fidse results. Phil. Mag. vol. xx. page l60.

Lead forms an insoluble compound with sulphuric acid.

Hence sulphuric acid is sometimes used to detect the presence

of lead
j
but the best test is Harrowgate-water. To the sus-



Chap. 10,] wtETALS.' 399

those most known. The carbonatCj murio-car-

bonate, sulphate^ phosphate, moljbdate,^arseniate,

and chromate of lead are native productions.

fVhat are the uses of lead f

Lead is employed to cover buildings, to form

water-pipes, to make a great variety of vessels

for (economical and chemical purposes]]; and

in refining gold and silver §. Its oxides are used

for dyeing and caiico-printing ; in the manu-

pected water add a little of this mineral water
j and if lead be

present it will give it a dark brown, or blackish tinge. For a

method of detecting the presence oflead in wines, see Additional

Notes, No. 31,

X Sheet lead is made by suffering the melted metal to run

out of a box through a long horizontal .slit in its bottom, while

the box is drawn by appropriate ropes and pulleys along the

table, leaving the melted lead behind it in the desired form to

congeal.

An alloy of this metal with tin forms pewter, and in diffe-

rent proportions soft solder. It enters likewise into the com-

position of other useful alloys, especially one that is employed

in the manufacture of white inetal buttons
j

for it has lately

been discovered that a certain proportion of lead may be mixed

with the metal formerly used, without injuring the appearance

of the button : thus affording a very considerable additional

profit to the manufacturer. There is a considerable consump-

tion of lead in making shot. See Additional Notes, No. 27 ,

§ Litharge of lead is often used in the analysis of the ores of

what are called the perfect metals. It has the property of

combining with all the other metallic oxides, and of preventing

their evaporation during the cupellation
5

while it separates

them from those metals which do not become oxidized by heat

only.
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factures of glass*, earthen ware, and porce-

lain f; and in the preparation of various pig-

ments.

fFlint is the nature of nickel ?

Nickel is a fine white metal, ductile and mal-

leable, but of difficult fusion It is attracted^

* Lead is used in making the finer kind of glass, in order

to give it a proper degree of weight, a susceptibility of its being

cut without breaking, and a capacity to bear a higher polish.

f I'he oxides of lead and of tin were employed by the ancient

Romans, in the manufacture of earthen ware, &c.

The oxides of lead dissolved in various menstrua, are used

as embrocations, and for several other preparations, by the

practitioners of medicine.

J M. Richter has lately been occupied in a series of experi-

ments upon nickel. He has found that this metal in its pure

state is very malleable, nearly as brilliant as silver, and more

attractable by the loadstone than iron. It is generally combined

•with copper
;
but he has found a method of freeing it from

that metal. He says, that when pure it is not liable to be

altered by the atmosphere j
that it is perfectly ductile, and has

great tenacity. Its specific gravity when forged is 8.666. An-

nales de Chimie, tom. liii. page 173.

§ Many chemists have imagined that nickel and cobalt are

magnetic only in consequence of a portion of iron which tliey

contain; but in a paper in Nicholson’s Journal, 8vo, vol. iii.

2S6, Mr. Chenevix has shown, that these metals are really

magnetic; and that when they appear to be destitute of tins

property, arsenic is combined with tliem. Indeed, magnetic

needles have lately been made with purified nickel, and have

been esteemed more than those of steel, as being less liable to

be afiected by the air.

So turns the needle to the pole it loves,

Witli quick librations trembling, as it raovei.”
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by the magnet, and has itself the property of

attracting iron
j|.

Where, and in what state, is nickelfound P

The ore of nickel is very similar to that of

copper, ’and is procured from various parts of

Germany; it is also often found 'with cobalt; but

the nickel of commerce is always impure

What is the effect of oxygen oapon nickel ?

If purified nickel be exposed to atmospheric

air*' in an intense heat, it is slowly oxidized, and

11
As common nickel always contains iron, the iron disguises

its properties, and prevents its nature being exactly known.

This metal dissolves readily in several of the acids, and com-
municates to them a green colour but sulphuric acid acts very

slowly upon it, even with the assistance of heat. Nitric acid

dissolves it more readily.

The most abundant ore of this metal is a sulphuret of

nickel, called kupfarnickel, which is generally a compound of

nickel, arsenic, and sulphuret of iron.

It is a curious circumstance, that all the specimens that have
been examined of the stones which have been said to fall from
the atmosphere contain iron alloyed with nickel. These stones,

which have at dilferent periods been seen to fall on every quar-

ter of the earth, are supposed by many to be cast Ifom a vol-

cano in the moon. So lately as 1303 a shower of them fell in

Normandy, which covered an extent of three quarters of a

league long, and half a league broad. Several dissertations on

this curious subject may be. seen in the latter volumes of the

Philosophical Magazine
;

Nicholson’s Journal
j and other pc-

fiwlical and scientific works,

* An oxide of nickel is more easily obtained by exposure to

bwt with nitre
5

it is of an apple green colour. According to

2 1)
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then acquires an increase in weight of 33 per

cent. We are acquainted with only one oxide

of this metal *.

IVhat salts of nickel are there ?

Numerous salts have been formed Vv'ith nickel,

but none of them have liitherto been brought

into any use. native arseniate of this metal

has been found f

.

What are the uses of nickel?

Nickel is employed by the Chinese in making

their xvhite copper, which is a beautiful metallic

compound ;
but it has not been much used in

Europe, although it may be had in considerable

quantities
J. .

•• •

Thenard, another oxide of this metal may be obtained of a black

colour, by exposing the green oxide to a red heat, or by treat-

ing it with oxygenized muriatic acid. Phil. Mag. vol. xx. p. 6/.

* Oxide of nickel is found in combination with some stones

;

the oxide may be dissolved in a solution of ammonia, and is not

precipitated by sulphuretted hydrogen.

According to M. Richter, the oxides of purified nickel ar<;

of a much more lively green colour tlian the ordinary oxides >

and their solution in ammonia is of a pale blue colour.

The oxide of nickel is said to afford the French manufac-

turers of porcelain a very delicate grass green
;

and, like other

metallic colours, bears the intense heat of their ovens without

injury.

A hyacinthine colour may be given to flint glass by melting

it with this oxide,

•f
For a description of this native salt, consult vol. ii. of Kir-

wan’s Mineralogy.

^ It is generally said that nickel has never been brought into
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JVhat is the nature of zinc ?

Zinc is a very combustible § metal^ possessing

but a small degree of malleability
||

and due-

use in England—but I have just heard from Birmingham, that

some of the manufacturers of tliat town combine it with irom

and thus use it with great advantage; and that others melt it

with brass in such proportions as form a very handsome com-

pound metal, exceedingly useful for many purposes. The
Chinese use nickel in conjunction with copper and zinc for

making children's toys.

According to Proust, nickel, in a certain proportion, gives a

degree o{ u’hiteness to iron, diminishes its disposition to rust,

and adds to its ductility.

The valuable qualities, which M, Richter has discovered in

this metal, show that it might be applied to many important

uses, particularly for surgical instrumenis, compass-needles,

and other such articles, as it is not liable to rust. Should an

easy mode of working it be ever discovered, we may possibly

find this to be better calculated for a variety of purposes than

any other metal.

§ Zinc is so very combustible, that if beaten out into thin

leaves it will take fire from the flame of a common taper. It

is the most combustible metal we have. It has so strong anO
attraction for oxygen that it wih decompose water without the

assistance of heat. Excepting manganese, it has the strongest

affinity for oxygen of all the metals. Its sp. gr. is 6 .861 .

II
Messrs. Hobson and Sylvester, of Sheffield, have dis-

covered, that at a temperature between 210'’ and 300" of

Fahrenheit, zinc is really a malleable metal; that it yields to

the hammer, and, while kept at this temperature, may even be

wire-drawn. They moreover say, that after having been thus

annealed and wrought, it continues soft, flexible and extensible,

and does not return to its partial brittleness, but may be bended

2 L> 2
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tilitj, except under certain circumstances *,

When broken, it appears of a shining blueish

\vhite ;
and when exposed to the air, it becomes

covered with a pellicle, which, in consequence

of its affinity for oxygen and carbonic acid, re-

flects various colours.

How is zint procured ?

Zinc, generally called by q^r artists spelter, is

not found native f; but, in England and else-

aiid applied to many uses for which zinc has hitherto been

thought unlit. If so, this is an important discovery
;
and in

future there will be no impediment to its being formed into

vessels of capacity, into utensils for various manufactories,

sheathings for the bottoms of ships, and for other obvious ap-

plications.

Since the above was written, I have been informed that Mr.

Phipson junior, an ingenious chemist of Birmingham, was ac-

quainted with this property of zinc long before Messrs. Hob-

son and Sylvester took out their patent, and that he sent

plates of this metal, which he had himself rendered malleable,

several years ago to Dr. Priestley in America.

* The nature of zinc is such, that it seems to form the link

between brittle and malleable metals. It is difficult to procure

it in small particles, as the hammer flattens it instead of reducing

it to ix)wder.
’ Macquer says, that if it be heated very hot, it

becomes brittle, and may then be pulverized.

-f-
Some mineralogists consider zinc to be the most abundant

metal in nature, excepting iron. Calamine, or lapis cala-

minaris, is found both in masses and in a crystallized state, and

is generally combined with a large portion of silex. Calamine

is a native oxide of zinc, combined with carbonic acid. Zinc U
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\vherCj is extracted from calamine and other ores,

bj distillation ;|;.

IVhat is the effect of oxvgen lipon zinc

Zinc is reaciil V oxidized when it is heated ; and

at a white heat the absorption of oxygen, even in

the common atmosphere, is so rapid and violent

that the oxide appears to sublime
;
hence its ox-

ide acquired the name oijlo'dcers of zinc. It may

also be oxidized by acids. We are acquainted

with only two oxides of this metal ; viz., the -

yellow and the white oxide.

found also in an ore called Mend. In this state it is minera-

lized by sulphur. Workmen call it Black Jack—a mineral

employed till lately in Wales for mending the roads.
'

In China there is a great abundance of- zinc it is used in

tJ)at country for current coin, and for that purpose is employed

in tlie utmost purity. These coins have frequently Tartar cha-

racters on one side and Chinese characters on the other. They

have generally a square hole in the centre, that they may be

carried on strings and more readily counted. ,

J Metallic zinc is procured from calamine by distillation per

descensum. d’he calamine is pounded, and with powdered

charcoal put into large pots, which are placed in a furnace like

a common oven. These pots have tubes fixed in their bottoms,

which pass through the bottom of the -furnace into a vessel or

water. After the tops of the pots are covered, and rammed

close with clay, a strong fire is made around them, so that the

metallic zinc, being separated from the ore, and being of a

volatile nature, is forced to rise to the upper entrance of the

tubes, and thence passes downwardsjnto the water.

In order to analyse the ores of zinc, it is necessary to operate

upon them in retorts, and to collect the distilled metal in close



406 AfEtALS. [_Chap. 10.

TVhat salts of zinc arc there ?

A great nimibcr ofsalts* * have been formed

with this metal ; but the carbonate, the sulphate,

and lately the acetate of zinc f arc most known ;

the two first are found in a native state.

JVhat are the uses of zinc ?

Zinc is combined with copper or tin, in va-

rious proportions, wliicli constitute some of the

most useful compound metals or alloys^; it is also

receivers
;

for, if reduced in a common furnace, the greater

part of the produce would-be dissipated. The same attention

is necessary when operating upon arsenic.

Zinc may be known by dissolving it in a mineral acid, and

then adding ammonia', which precipitates it of a white colour,

and re-dissolves it instantly. Sulphuretted hydrogen added to a

solution of this metal produces a white and lasting precipitate.

* Zinc has so great an affinity for oxygen, and its salts are

so permanent, that none of the metals, except manganese, will

precipitate it from its solutions in a metallic form.

f Sulphate of zinc, formerly called ii'hite vitriol, is usually

formed in Germany from an ore called blende, which is a sul-

phuret of zinc. By the agency of fire and the access of atmo-

spheric air, the sulphur is converted into sulphuric acid, and

by means of proper evaporation and cooling the salt is obtained

in a crystallized mass. The white vitriol of commerce ought

never to be administered In medicine without previous purifica-

tion ;• for, all I have examined contains copper as well as iron.

Sulphate of zinc occurs in some mineral waters.

Acetate of zinc has been recommended by Mr. Henry to he

applied in cases of inflammation. This salt is easily, formed by

dissolvinsr flt)wers of zinc in acetic acid.

J Three parts of copper, and one of calamine, or native car-

bonate of zinc, constitute ; five or six of copper and on«
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used in medicine ; it is the base of white \itriol

;

and its carbonate or oxide may be advantage-

ously substituted for white lead in liouse-paint-

JVhat is the nature of antimony ?
^

Antimony
II

is a brilliant, brittle metal; of a

of zinc fbriTi pinchlcch. Tomlcic has still more copper, and it

of a deeper red than pinchbeck. Prince's-vietal is a similar

compound, excepting that it contains more zinc than either of

the former. A mixture of tin and copper with zinc forms

Ironxe. Vessels of bronze, covered with silver, -w'ere dug out

of Herculaneum. In order to make Irass, tire calamine it

previously roasted
;

it is then mixed with charcoal and grain

copper, and put into large crucibles, which are kept for a con-

siderable time in a heat that will not melt the copper
j

after a

time, the heat is raised so as to fuse it, and the compound

metal is then run into ingots. Brass is a valuable alloy, on

many accounts, especially in its not being so liable to tarnish by

exposure to the air, as copper.

§ See Annales de Chimie, No. 103.

Zinc, in fine filings, is used to mix wdth gunpow'der, to pro-

duce those brilliant stars and spangles which are seen in th*

best artificial fire-works.

Zinc is generally oi)e of the metals employed to form Galva-

nic batteries.

An amalgam of zinc is used to rub upon the cushions of

electrical machines. It is very conveniently amalgamated, by

melting it in a bowl of a tobacco-pipe, and pouring it while hot

into the mercury. I have amalgamatized bismuth and other

metals, but never found one of them to answer for electrical

purposes equal to zinc, or an amalgam made with a mixture

of tin and zinc.

(I
According to Bergman, the specific gravity of antimony
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duskv white colour ; and is destitute of ductility.

Though seeniingly hard, it may easily be cut

with aknife* *.

Hoiv is antimony procured ? ’

Antimony is procured from an ore which is

found chiefly in Hung-ary and Norwayf.
Tf hat are the ejjects of oxygen upon this metal?

Antimony may be susceptible of several degrees

is (5.86. If this metal be ground fine, and thrown into a dry

glass jar filled with oxygenized muriatic acid, it will inflame

immediately, and continue to burn y'ith great rapidity and with

a brilliant white flame. The combustion affords a beautiful

spectacle. It also fulminates by percussion with oxygenized

muriate of potash.

* i^Jitimony may be known from bismuth thus :—Bismuth

is very soluble in nitric acid, but antimony dissolves in it with

difficulty.

f There are several ores of antimony, but the gray is the

only one which is found in sufficient quantity for the manufac-

turer
}

it is a sulphuret of antimony. This ore is purified by

exposure to a strong heat in a reverberatory furnace. By this

process, the pure sulphuret runs from the earthy matter : this

is afterwards remelted, and cast into cakes for sale. This sul-

phuret may be divested of nearly all its sulphur by long roast-

ing, leaving the metal in the state of almost a pure oxide.

Native antimony, alloyed with a small portion of silver and

iron, has been found in Sweden. I have been informed that it

is found also in the state of Connecticut in America, nearly in

the pure metallic form
;

tiiat it frequently lies on the surface of

the ground
;
that in some places entire hills of it are to be seen

;

and that Elihu White, esq. brong,ht specimens of it to England

for analysis.
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of oxidizement ;
but at present Nve are acquainted

only two oxides of this metal ;
the one con-

taining: 184-, the other 23, per cent, of oxygen J.

ff'lmt salts of antimony are there?

bvlaay different salts have been formed wdtli

the oxides of this metal ;
but those most known

are the muriate of antimony §, the phosphate of

lime and antimony 1|,
and the tartrate of potass

and antimony H. The first has been found na-

tive.

+ It was formerly supposed that antimony was capable of

forming six different oxides
j
but Proust imagines that it is sus-

ceptible only of two definite degrees of oxidizement.

If oxide of antimony be precipitated by water from nitro-

muriatic acid,, the precipitate will be white
;
but if it be preci-

pitated by a clear solution of galls, the precipitate takes a light

yellow.

Some solutions of the oxides of this metal are very ' powerful

and even poisonous when taken internall}', except in very

small quantities. See page 7-

§ Muriate of antimony is the common Initer of antimony of

the shops. The white oxide of antimony, called the pou'der

of Algaroth, is made by merely dropping this solution into pure

water. Muriate of antimony has been found native in Bohemia.

11
The well-known medicine, called James's powder, is a

phosphate of lime and antimony. It is a Triple .salt, in the form

of a white powder. Bor a method of preparing it, consult Phil.
»

Mag. vol. xi.

- ^ Emetic tartar is a tartrate of potash and antimony', com-

posed of about 5t) parts tartrate of antimony, 36 tartrate of

potass, and 8 of water.
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TFhat arc the uses of antimony P

Antimony is combined with some other metals

in making printers' types^ and specnla for tele-

scopes. Its oxides are employed in medicine

and in colouring glass. In times of remote anti-

quity it was used by females as a black pigment,

for staining the eye-lashes.

Wtiat is the nature of bismuth ?

Bismuth is of a yellowish white colour, of a

lamellated texture, and moderately hard, but not

malleable. It is so brittle that it breaks readily

under the hammer, and may be reduced even to

powder f.

Perhaps we have no metal more valuable as a medicihp

than antimony, or one that is applied in such various ways.

For particulars, consult the New Edinburgh Dispensatory, by

Dr. Duncan jun.
,

Ken)?as mineral, and what was called golden sulphur of anti-

mony, are both made from the sulphnret of this metal, by

means of potass. The first took its name from its resemblance

in colour to the kermes insect, used in dyeing. The sulphu-

ret, and some olher preparations of antimony, are given to

horses and cattle, more than any olher medicines. I'hey act

as alteratives, and are generally to be depended upon for tlie

certainty of their effects.

f If w'ater be added to a solution of bismuth in nitric acid,

the oxide will be precipitated of a pure colour
j
but it a

little tincture of galls be poured into a similar solution, a brown

precipitate will be produced. This is the distinctive character-

istic of this metal.

Pismuth has the singular property of expanding as lt cools,
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Hozv is Nsmuth procured ?

Bismutli is s'enerallv found cobalt in tlie

cobaltic ores of Saxony and England.
^

Native

bismutli and sulphuret of bismutli are also found

upon the continent ;
but this is not an abundant

metal.

What is the effect of oxygen upon hisvmili?

Bismuth is gradually oxidized by fusion in

atmospheric air ;
and may be thus converted into

at least two varieties of oxides§.

Hence, probably, its use in the metallic composition for print-

ers’ t}’pes
;

as from this expansive property are obtained tlie

most perfect impressions of the moulds in which the letters are

cast. Ib manufactories this metal is known to the workmen

by the name of tm-glass. Its sp. gr. is p.8227. The larger

kind of printers’ types, are generally made with lead and anti-

mony only
j

in tiie proportion of 4 parts ot the former, to one

of the latter. It surely is not possible to contemplate the ad-

vantages that the world has derived from the invention of print-

ing, without very peculiar emotions !

“ Sad Sujrerstilion w.ails her empire torn.

Art plies his oar, and Commerce pours her horn."

Bismuth is one of the metals that will inflame when tlirowa

into oxygenived muriatic acid.

§
Pearl-white is an oxide, or rather a sub-salt, of this metal.

Ladies use it for painting (lie skin, to which it imparts a beau-

tiful white : but it has th? inconvenience of becoming black by

the contact of sulphuretted hydrogen gas, or the fumes of fetid

su’ostances. The gas which arises from the burnirg of mineral

coal will have the same elToct. It is related of a lady of fashion,

who had incautiously .seated herself too near the fire at a qua-

4ril!c-table, that her countenance changed on a sudden from a
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What salts are there of hhmiilli ?
t

Several salts of bismuth have been formed^ but

their properties have not been much examined

by chemists. The nitrate and muriate of bis-

imithf are occasionally prepared, but no salts of

this metal have been found in a native state.

What are the uses cf bismuth ?

Bismuth is" used with other metals to form

printers’ types, to make pewtcr;|;, and for some

delicate white to a dark tawny, as though by magic. The sur-

prise and confusion of tlie wliole party had such an effect upon

the disfigured fair-one, that she was actually dying with appre-

hension, when the physician dispelled their fears, by informing

his patient that nothing more was necessary than for her to

wash her free, to abstain from the use of mineral cosmetics,

and to trust in future to those charms which nature had be-

stowed upon her.

Some of the French chemists recommend the use of the

oxides of bismutli for dyeing, to fix some particular colours.

Pomatum prepared with the oxide of bismuth turns 'the hair

black. i

* Nitrate of bismuth does not dissolve in water like other

metallic salts, but becomes decomposed, forming one of the

most delicate white precipitates: hence, this metal is readily

distinguished from most others. Tliis precipitate, avashed and

dried, is what has been called Maghtcry of bismuth, or pearl

white.

-)- .ffu/ftT of bismuth, as it was formerly called, is a muriate

of this metal.

:j:
The common mixture for pewter- is 112 pounds of tin,

15 pounds of lead, and 6 pounds of brass
j
but many manu-

facturers use also bismuth and aptimony to compose rretal.

Bismuth is likewise getierally mixed wi h tin for vessels of
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other compounds. ,It remarkably contributes to

the fusibility^ of some alloys ;
hence, it is em-

ployed to make solder. Bismuth is likewise

given in medicine, though, now, very rarely.

What is Ihe nature
||
of arsenic ?

Arsenic is generally found in combination with

acids sulphur, or oxygen*. When reduced

,to its pure metallic state, it is a friable, brilliant

metal, of a blueish white colour, easily tarnish-

capacity, &c.,-as it gives to that metal a greater degree ot

brilliancy and hardness. From its property of rendering lead

more fusible, it is too often employed with that metal to adul-

terate quicksilver.

§ If 8 parts of bismuth, 5 of lead, and 3 of tin be melted

too^edier, the mixed metal will fuse at a heat no greater than

212®. Tea-spoons made with this alloy are sold in London, to

surprise those who are unacquainted with their nature. They

have the appearance of common tea-spoons, but melt as soon as

they are put into hot tea. A composition of lead, zinc, and

bismuth in equal parts, will melt with so small a portion of

caloric, that it may be kept in fusion upon paper over a lamp.

II
Arsenic may be known by the smell of garlic, and by the

white fumes which it exhales when thrown on a piece of red

hot coal. Its sp. gr. is 8.310.

^ Nitrate of arsenic will precipitate ihe salts of copper of a

beautiful green colour. This precipitate is exactly the same

as the native arseuiate of copper found in the mines ol Corn-

wall.

* The oxides of arsenic in solution are discovered by sul-

phuretted hydrogen, which produces a yellow-coloured preci-

pitate. This precipitate is the same as that boautilul ore called

oqument (sulphuret of arsenic).



t

414 METALS- J^Chap. 10.

ins:, iS:. oxidizing, by exposure to the air*.

In all its states it is poisonousf.

Where is arsenic found ?

Arsciuc is found in Bolicmia, Hung;ary, Sax-

ony, and other jdaecs on the continent It is

* If arsenic, in its ptjre metallic state, be kept covered with

alcohol, its metallic brilliancy will be presei'ved.

If metallic arsenic be previously inflamed in oxygen gas, it

Will burn till the whole is consumed. It burns with great

brilliancy, and forms a very beautiful experiment.

, |- Dr. Pearson has said, that white arsenic, in the quantity of

one-sixteenth part of a grain, is as harmless as a glass of wine,

and, in that dose, is a remedy for inveterate agues. See Dr,

Pearson on Sulphate of Iron, &c. Phil. Mag. vol. xxi. 56.

Whenever arsenic has been taken internally, by design or

mistake, the best medicine is sulphuret of potash (liver of sul-

phur) disso!' ed in water. A few scruples should be dissolved

in half a pint or a pint of water, and administered a little at a

time as the patient can bear it.

J The arsenic of commerce is prepared in Saxony in the

operation of roasting the cobalt ores for the manufacture of

zaffre. The reverberatory furnace in which the ores are roasted

terminates in a long horizontal chimney
j
and in. this chimney

the arsenical vapours are condensed, forming a a'ust, which at

stated times i» cleared oif by criminals, who are condemned to-

this work for crimes for which they would otherwise have suf-

fered death. White arsenic is prepared by mixing the common

oxide with potash, and submitting it to sublimation. By this

process the arsenic is separated, and sublimed, leaving its sul-

phur behind, united to the potash.

In analysing the ores of arsenic, or the ore.s of any of the

metals whose oxides are volatile, the upper part of the crucible

.should always be filled with charcoal > so tb.it whatever ia
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united v\'ith, and contaminates, many of our me-

tallic ores in England §.

JFhat is the effect of oxygen upon arsenic ?

Arsenic lias a great affinity for oxygen, of

^y]licll it admits of various doses, till it becomes

at last arsenic acid |j.

What salts of arsenic are there ?

The salts which have been formed with this

metal are few : though muriate of arsenic was

made by the old chemists
;

it was called huttcr of

arsenic. None of the salts of this metal are found

native H.

volatilized may be caught by the charcoal, and immediately

reduced.

§ Arsenic is frequently found in martial pyrites, and in cop-

per ores. Sec Gellert’s Metallurgic Chemistry, and Henkel’s

Pyritologia.

, Lead, wlien contaminated by arsenic, may be purified by

melting it with a few iron filings. The iron combines with the

arsenic, and these, being lighter than the lead, float on the

Burface, from which it may be readily skimmed off.

II
Arsenic is capable of combining with so large a portion of

oxygen as to become changed into a perfect acid. See page

234. There are four other metals which are completely acidi-

fiable
5

viz. chromium, molybdenum, tungsten, and colum-

bium : there is, however, some doubt respecting tlie acidifiabU

nature of tungsten.

^ Though there are no native salts in which arsenic forms

the base, yet we are acquainted with several in which it is

combined as an acid; such are, the arseniates of lime, copper,

iron, cobalt, &c.
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What are the uses of arsenic ?

Arsenic, in a regnline state, is used to whiten

copper*, and it enters into 'the composition of

several compounds for metallic specula, &c. f
Its oxides are employed in many processes of the

dyer;|;; also as fluxes for glass, and in several of

the arts. The sulphurets of arsenic form valuable

pigments of different colours §.

*' Copper alloyed with arsenic, forms a malleable and flexi-

ble metal that takes a fine polish. On account of these pro-

perties, this mixed metal is frequently used in the arts, plated

witli silver.

f The use of arsenic, 'in making factitious metals for the

specula of reflecting telescopes, may be seen in a long paper on

tliat subject by the Rev. John Edwards of Ludlow, in the

Nautical Almanac for I787-

Arsenic is used in making small shot. The de.sign of it is to

render the lead more brittle, and better capable of granulating.

See Additional Notes, No. 27. It is employed also in the

manufacture of glass, to which it gives transparency.

It is curious that if arsenic be combined with the ductile

metals, it renders them brittle; but if with plafma and some

other metals that arc refractory in the fire, it makes such more

fusible.

J Arsenic, when used in dyeing, is generally combined with

potass. Eaume has long made a trade of preparing this salt for

the French dyers.

§ Sulphuret of arsenic is much used in calico-printing, on

account of its property of readily dissolving indigo.

Orpiment and realgar arc both sulphurets of ar.scnic. Real-

gar is a dark orange or scarlet, the oilier a beautiful lemon co-

lour. They are both much used in dyeing and calico-printing.
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What is the nature of cohalt ?

Cobalt is a whitish-gray, brittle metal, nearly

resembling fine hardened steel j[. It is difiicult

of fusion and oxidizement, but obedient to the

magnet.

The former has lately been found native in Cornwall, The
pigment called king's yellow is made from this mineral. Beau-

tiful shades of difterent colours may be given to valuable furs

by arsenical solutions.—So that the substance which is most in-

jurious to the animal oeconomy, appears to be endowed with

properties for embellishing the works of creation, and is made
to minister in various ways to our gratification, by imparting

colour to other bodies. How diversified are the means which
the Creator hath adopted for the promotion of these designs

!

” Who, not content

With every food of life to nourish man.

By kind illusions of the wondering sense.

Has made all nature beauty to his eye.

Or music to bis ear.” Akenside,

Arsenic is used in preparing the beautiful colour called

Scheele s green. For the method of making this colour, con-
sult Scheele s Chemical Essays, Gren’s Chemistry, and others,

Sulphuret of arsenic has lately been employed with success

in destroying the intolerable fetor which sometimes attends

cancerous complaints. The method of using it is by fumiga-

tion.

The Chinese and other Orientals form realgar, sul])huret of
arsenic, into medical cups, and use lemon juice that has stood

some hours in them, by way of cathartic.

II
According to Bergman, the specific gravity of cobalt is

about 7 -700 } though Tassaert makes it to be 8.538.

Solutions of cobalt give a green colour by evaporation and
heat. This may be shown, by moistening a little paper with

2 C
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How is cohaU procured ?

Formerly all o’lr cobalt came fromSaxony* *;

but it ig HOW foLiiul abuudaiitly in the Mendip

lulls ill Somerseisliire, and in a uiiue near Pen-

zance, in Cornwall f.

fVhat is the effect of oxygen on this metal f

Coball may be oxidized by an intense heat.

The oxygen prepares it for that beautiful blue

the solution, or writing with it on paper, and drying the paper

by a gentle heat. The oxide of cobalt in ammonia forms a red

solution

.

* The cobalt ores of -Hesse now produce a net profit of

14,000/. a year : formerly they were used for no other purpose

but to repair the roads. Born’s Travels.'

f Zaffre is now made from the cobalt ores found in these

hills. Had it not been for the rapid promulgation of chemical

science in these kingdoms, this important metal might have

lain in the bowels of tire earth undiscovered, for ages yet t©

come.

“ Full many a gem of purest ray serene

The dark uufathomed caves of ocean bear

;

Full many a flower is born to blush unseen.

And waste its sweetness on the desert air.” Gra.y.

Cobalt ores generally contain arsenic
j
they are so contami-

nated with it, that the workmen who are employed seldom

live many years. It is to be hoped that some mode will be de-

vised to protect these wretches from the baneful effects of this

mineral.

Cobalt ores may be analysed thus : Take 100 grains of the

ore, dissolve them in nitrous acid, precipitate the' iron by the

addition of ammonia, and’ separate it from the solution by a

filter. The nickel, which is always found in these ores, may

afterwards be precipitated by the addition of a solution of potass.
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colour which is seen on earthen-ware and porce-

lain.!. There are at least three different oxides

of cobalt§., which are knovvn to clicnlisfs.

IVhat salts' are there of cohalt

A great variety of salts have been formed wifli

the oxides of this metal ; but the muriate of co-

halt IS that which has, perhaps^ been longest

known [(. An arseniate and a sulphate of cobalt

have been found nativ e.

iiKl S'e^arated in the same manner as- the Iron. The remaining

solution may be evaporated to dryness, and the oxide reduced

by (he Usual fluxes.

The white cobalt ore is n snlplmret of cobalt. Arseniate and
sulphafe' of cobalt have also beeU found native.

Cobalt, for experiment, might easily be obtained in a metal-

lic state, by streivmg-smaU with 6 or 8 times its weight

of soda. The soda forms an union with the sand, and leaves the

cobalt free,

I The oxide of cobalt forms the most permanent blue colour

that we are acquainted with. La Grange says that the old

painter's nsed ihisroxide mixed with oil in their paintings
j
which

is the reason why the sk)' and drapery in some old pictures are

of so durable a blue.

§ ZafFre, which we have long imported fiom Saxon)', is an

oxide of cobalt, mixed with three times its weight ofground
silex. There' are the black, the brown, and the yellow cobalfi

Ores, all which are okides of this metal’.

II
Muriate of cobalt much diluted has been long used in

forming pfellot’s sympathetic ink. Whatever is written on
paper with this ink remains invisible, while It is cold

j but if

(be paper be gently warmed, the letters will appear of a beau-
tiful green colour thus, by warming or cooling the paper,

Ac writing may be made to appear and disappear at pleasure.

' 2 E a
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WhCit is the use of cohalt ?' ‘

Cobalt has hitherto been diiefly used for niah-

ing the different kinds of smalts for painting and

enamelling^. It is extremely valuable to the

mai.ufacturers of porcelain, as it endures the in-

tense heat of llicir furnaces without any dete-

rioration, and produces a finer colour than can

be procured from any other known substance f.

It is, however, from some iron generally found in cobalt tliat

the muriate forms a green ink
;

for, if it be perfectly pure, it

is always of a most beautiful bluej so that by proper manage-

ment one maybe provided with both. By means of these tw'o

inks, a picture of winter may be drawn, which, on holding it

near the fire, will be transformed to a beautiful summer land-

scape: this again will appear gradually to lose its verdure, and

resume its w'inter dress, on being removed to a cold situation.

The acetate of cobalt is always of a red colour in solution, but

as a sympathetic ink it is a fine blue.

* The streiviiig-smalt, an article used by sign-painters, is

made by melting the oxide of cobalt with flint-glass, and grind-

ing the whole to a coarse powder. The same composition re-

duced to an impalpable powder forms the smalts for washing,

sold under the name of powder blue
j
which is now not only

used by laundresses, but is made the basis of several pigments.

In the fifteenth century cobalt was employed to colour glass,

and yet till lately but small quantities of it have been used.

Formerly the miners threw it aside as useless. 'I'hey consi-

dered it so troublesome w'hen they found it among other ores,

that a prayer w'as used in the German church that God would

preserve miners from cobalt, and Ifom spirits. Beckmann s

Hi.story of Inventions, vol. ii. 363. Other ancient uses of this

metal, as a colour, may be seen in the same work.

-[' The greatest consumption ol cobalt is by the potters and_
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What if! the r.ature mangAiifse ?

Mang^anese is a brilliant metal];, of a dark

gray cr l.uir, of considerable hardness, and diffi-

cult fusibility. It is verj brittle, and when in

poA\der is attracted bj the magnet.

IV here is manganese found ?

The manganese, which we use in this countrj,

is obtained in the state of black oxide, from the

Mendip hills in Somersetshire, and at Upton-

Pyne, three miles from Exeter§. It is also found

porcelain manufacturers, some of whom make their own co-

lour from foreign zaffre. But in Staffordshire there are several

people who make an entire trade of preparing this colour for

the earthen-ware manufacturers, and who conduct the process

with great secrecy. The usual price o£ the prepared colour is

two guineas the pound.

J The specific gravity of manganese has been estimated at

6 S50 by Bergman.

For a method of procuring this metal in a metallic state, see

Dr. Thomson, vol. i. 242.

The oxides of manganese are abundant, and easily procured
;

but the pure metal can only be obtained by art, and requires to

be carefully defended from oxygen, which it readily absorbs.

In order to preserve specimens ii\a metallic state, it is neces-

<^ry to varnish them, or to keep them immersed in oil, or ar-

dent spirits.

Where manganese is employed in making oxygenized mu-

riatic acid for medicine, the purest, such as that of Upton-

Pyne, should be used. That from Bristol and the Mendip

'"tills generally contains lead. Thornton’s Medical Extracts,

vol. V. 403.

§ Manganese is generally found either in the state of an

oxide or a salt. But the discovery of English mines of it is a

I
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in abundance in America, and on various parts

of tlic continent. Pure manganese is never found

native.

What is the effect o/* oxygen upon manganese?

This metal will become oxidized by mere ex.»

posure to the air
;
and is susceptible of at least

three different degrees of oxidizement, forming

w hite, red, black, or other oxide of manganese*.

jiew acquisition to this country, owing to the spirit of research

which chemistry has given birth to.

Dr. William Dyce, of Aberdeen, has lately communicated

to the Society for the Promotion of Arts, &c., the discovery of

a mine of manganese ip his vicinity, of great extent, and of

very fine qutdity. The gold medal of the Society was awarded

to him for this discovery. The present produce of the mine is

20 tons per week.

Oxide of manganese is frequently found in stones and mine-

rals. When the mineral is dissolved, it inay be precipitated

from its solution by ammonia.

Scheele discovered this metal in the ashes of burnt vege,

tables,

Proust has lately announced the discovery of a native Sfilphu-

ret of manganese.

* The methods of giving the difl'erent degrees of oxidize-

ment to this metal, may be seen in Dr. Thomson’s Chemistry,

rol, i. 243.

•Jf one part of the black oxide of manganese, and three parts

of nitrate of potass, b^ melted in a crucible till no more oxygen

gas is disengaged, a gi'eenish friable powder is obtained, called

mineral cameieon, fr<iin its property of changing colour when

dissolved in water. If a small quantity of this powder be put

into a glass of water, the solution is first iA'c; oxide of iron

then separates, and by its yellow colour renders thp solution
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fFliat salts are iliere of manganese P

V variety of salts have heen made '.vith the

oxides of this metal ;
but this class of salts has not

vet been rendered useful "j*. A carbonate of man-

ganese is foiiTid native in Norway and Sweden,

What are the uses of manganese F

The oxides of manganese are used in bleach-

ing|, ill purifying glass §, and in glazing black

green
;

this subsiding, the blue re-appears : then, as the oxide

of manganese absorbs oxygen from the atmosphere, it becomes

reddish, brownish, and at last black. It then subsides, and

leaves the fluid colourless. Parkinson. In forming this com-

pound, care should be taken that no sulphur comes in contact

with it
;

as the addition of a very small portion of sulphuret of

potass would counteract its effects.

The rubcUle and the ainethyst owe their colours to the red

oxide of manganese. A violet colour may be given to flint

glass by melting it with a large portion of the i/acA oxide of

this metal

y There is a peculiarity attending the salts of manganese,

that, when dissolved in water, the manganese cannot be pre-

cipitated from its solution, in a metallic state, by any of the

other metals. The reason is, th.at, in respect to all other

metals, manganese has a superior attraction for oxygen.

+ Manganese is used by the bleachers in making the oxyge-

nized muriatic acid, which has the property of destroying all

colours.

§ Its use in maWng white flint glass may be seen in Ber-

tholkt’s Treatise on Dyeing, vol. i. 8. It was employed for

this purpose more than two thousand years ago. The rationale

of its operation has been admirably explained by Bergman. See

Murray’s Chemistry, vol. iii, p. 435,

Dr. Dyce has suggested, that manganese may be advantage-
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earthen-ware. The black oxide is also much used

by chemists for procuring oxygen gas, which it

gives out in abundance, by the application of

a redheat* *.

Whal is the nature of tungsten ?

Tungsten is a heavy metal, procured from a

mineral found in Sweden, and from an ore called

wotfram, found in our county of Cornwall, in

CTcrmany, &c.
;
but its properties are not much

known, neither is it brought into any use heref

.

ously employed to separate the pure from- the baser metals.

An account of the process may be seen in one of the last vo-

lumes of the Tran.-actions of the Society of Arts, &c.

According to monsieur Gazeran, manganese forms a com-

ponent part of steel, and ought to be added to iron for its

formation
5
the best German steel being, according to him,

composed of
Iron 97

Manganese 2

Carbon 1

100

* Black oxide of manganese contains 40 per cent, ofoxygen-

It quickly gives out 10 or 12 per cent, of this oxygen by the

application of heat aione, but the remaining portions cannot be

separated by the most intense heat.

f Tungsten has been used in France for making vegetable

lakes. Its sp. gr. is 1/.22. Its oxide is insoluble in eitiier of

the three mineral acids ;
and in this property it seems to differ

from all other metals, 'lliough tungsten has been recom-

mended as a proper basis for colouis, it shows in some instances

3 strange fugacious disposition, Mr. Hume lett a piece of ?inc
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The same may be said of molybdenum];, ura-

nium§, titanium
j|,

tellurium % chrvamium ''^, co-

lurabinmf, and tantalium J. It will therefore be

proper to defer the consideration of these metals

till their properties have been further investigated.

for some time in a iittle of the triple acidulous solution of this

metal, generally called tungstic acid, and obtained a most bril-

liant blue solution ; this he placed over the gentle heat of a

lamp to evaporate, with a view to obtain a useful pigment
;

it

soon, however, entirely lost its colour. Phil. Mag. vol. xix. 2g.

J Molybdenum has been employed, I believe, in some pro-

cesses of dyeing in Germany. As it may be procured in great

plenty, it will probably some time hence come into general use

here.

§ Uranium was discovered by Klaproth in a mineral called

pechblend
;

it has since been found, combined with carbonic

acid, in the common green mica.

II
Titanium was first noticed by Mr Macgregor, in a grayish

black sand, found in the vale of Menachan in Cornwall
;
hut it

has since' been discovered by Klaproth in several other mi-

nerals.

^ Tellurium was discovered by Klaproth in a particular

kind of gold ore.

* A beaptiful green colour may be obtained from chromium,

useful for painting in oil or dblemper, or for applying to porce-

lain. The metal was called chromium, because of its properly

of imparting lively colour to a Variety of other bodies,

f Colnmbium was discovered in a mineral sent from Mas-

sachusetts, in North America. See Mr. Hatchett’s paper on

this metal in the Philo.sophical Transactions for 1802.

f Tantalium was found in an ore from Swedisli Lapland. Its

characteristic is, that it is insoluble in all the acids.
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Having gone iJn-augh the greater imrt of this

chapter on metals, endeavour to rccipitniate the

general properties of this class of bodies.

The metals are simple substances*, distin-

guishable from all other bodies by their lustre,

by their great specific gravity, by their perfect

opacity, and by their superior power of conduct-

ing electricity.

What are the obvious advantages zvhich xve derive

from these bodies ?

The metals are the great agents by which we
are enabled to explore the bow(ds of the eartli,

ajid to examine the recesses of Nature; their uses

arc so multiplied, that they are become of the

greatest importance in every occupation of life.

They are the instruments of all our improve-

ments, of civilization itself, and are even sub-

servient in the progress of the human mind to-

wards perfection f.

* The ancient chertiists supposed the metals were compound

bodies. They were probably led to this by observing the pul-

verulent nature of the metallic oxides. Their undecompounded

nature was first suspected by Mayo.

y The metals are seldom aftorde'd by Nature otherwise than

in a state of great impurity. It is to the use of our reasoning

faculty that we owe the possession of any of them in a state fit

for use. If we consider for a moment wear would be the situa-

tion of the world if society were deprived of this class of bodies,

we should then have some idea of the obligations we owe to

the sciences of metallurgy and chemistry.
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You can doubUess offer some reasons wlnj one

metal possesses snch opposite and specific differences

from anoilieif^ ?

This variety is not to be attributed to chance,

but must certainly be the eflfect of consummate

wisdom and contrivance^. These metals differ

so much from each other in their degrees of hard-

ness, lustre, colour, elasticity^ fusibility, weight,

malleability, ductility, and tenacity, that Nature

seems to have had in view all the necessities of

man ; in order that she might suit every possible

purpose his ingenuity can invent, or his wanls

require,

Bij u'hat means are these bodies rmdered so im-

portant to us F

We not only receive this great variety from

“ Serene philosophy,

Effh-sivf: source of evidence and truth !

Without thee, what were unenlighten’d man ?•

' A savage voamitrg through the woods and wilds,

Bough clad, devoid of every finer art

And elegance of life.” Thomson.

The best information respecting the analysis of metallic

ores may be had from Klaproth’s Essays, to which I refer the

reader.

J Much information on the nature of many of the metals

may be collected from Mr. Hatchett’s valuable paper on gold,

in the Philosophical Transactions for 1803.

§
“ That beautiful law of Nature, whereby the different un-

organized productions are impressed with regular forms, doth

}V3t cease to exist even under the hands of man in his variou.s

.‘3
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the hand of Nature, hut these metals are ren-

dered infinitely valuable by various other pro-

perties they possess. By their combustibility^,

their solubility in fluids, their combinations with

phosphorus, sulpliurf, and carbon, and bv their

experiments. He finds the metallic ores, under determinate

forms, or geometrical figures of different kinds
;
and, when by

art he reduces them to a metallic state, the same dispo-iitiou

still manifests itself.” Thus, when the surface of a melted

metal begins to congeal, if the crust be broken' and the part

still in a fluid state drawn off, the parts which had cooled ill

exhibit a regular metallic crystallization. It would afford a

rational amusement, to make experiments thus on the different

metals, and to observe the forms of crystallization which they

each assume.

'^~Some of the metals are so combustible that they will burn

before they acquire a heat sirfficient to fuse them. TliLs is the

case with iron and zinc. A thin shaving of zinc, as we before

no’.icid, will burn without melting if held in the flame ot a

candle. Ihe combustion of iron in oxygen gas is an interesting

and beautiful experiment.' See an account of the method of

managing it in the chapter on Combustion.

A very singular phaenomenon takes place on the mixture of

the metals wi,th melted sulphur
;

for, as soon as the union com-

Tuences, the temperature increases, and a considora' 'le glow of

light is extricated, similar to wnat happens in combustion.

The same effects take plnoe in h drogen gas, and carbonic acid

gas, and even in vacuo, 'fliese experiments have been adduced

as ^ objections to the mndern theory of chemistry; but they

merely tend to show that, in commoh cases ot combu->tion, the

Hs^ht comes in part from the combustible, and not the whole ot

It, as has been imagined, front the atniospiieric air. Light <ind

heat attend other combinations, as well as those of oxygen.

•f
All tlie metals excppt plal'ma and gold will uttite with
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union with each other [j];
Mherebj coilipomids or

alloys are formed, extremely useful in a variety of

arts, manufactures, and other requisites of life.

Bjj "whcit other mcanf; cIoch Js'ature render these

bodies snbscrvicnt to our icants, and capable of

ministering to our comfort and gratification?

Nature lias furnished us with acids, whereby

the most refractory metals may be dissolved §,

purified, and rendered fit for a variety of pur-

poses, to which they could not otherviise be

sulphur by fusion. But the natural sulphurets contain more

sulphur than the artificial ones ;
they must tlierefore have been

formed by Nature by other means than those we employ to

produce these compounds.

X Several of the metals have a very strong affinitv for each

other, as may be shown by experiment. Mercury will dissolve

lead, bismuth, zinc, and other metals. If a piece of lead and

a piece of bismuth each alloyed with mercury, be melted

together, they form when cold a solid metallic mass; but

from their atCnity for mercury tirey have acquired so much
fusibility that they will melt by the heat of boiling water. See

note, page 4 13.

§ The alchemists were in search of an universal solvent of

all metals
;

but, as Mr. Davy has remarked, if such a solvent

really existed, nothing wouM be so much dreaded by modern

chemists. It would prevent the analysis of every mineral into

which it entered, and would be like the fabled water of the

Styx, which petrified every thing it touched. How diflerent

are the views of the .scientific chemist to those of the ancient

adepts, who concealed their knowledge with tlie greatest care,

and appear to have had no other view but to surpri.se a gaping

multitude 1
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applied. By com])inin‘^ the metals ^vit^^ oxygen*

Vr'c ean invest them with new properties, and are

eualiled to employ lliese to promote the progress

of the fine arts, hj imitating the masterpieces of

creation, in the production of artificial salts,

spars, and gems, of every colour, and of every

shade f

.

IIocV docs oxtjgcn pr&duce these changes in

Tuclals ?

Difi'erent metals, hy their union with oxygen,

acquire different colours, and the same metal

attains a did’erent hue, according to the portion

of oxygen combined with it;};: so that this won-

derful substance seems destined not only to rendef

us the most important services, but to embellish

the w'orks of creation, bv the beautiful lints which

* This is exemplified in a striking manner by the metd

called chrome. When acidified and combined with lead, thtf

metallic salt that results is ofa beautiful orange yellow
;
whetetii

ehromat of mercury is of the colour of vermilion
j
chromat oi

silver, of a carmine red
j
chromat of zinc and bismuth, a brighS

yellow.

I
If phusphorie acid be united with silex by fusion, artificial

precious stones may be prepared with the compound, whicli

ftiay be coloured’ to imitate any particular kind, by one dr dtlie#

of the metallic oxidds.

In making enamels and artificial gems, the processes oi

Kunkel ntay be depended upon more than those of any otlie^

writer. He rvas the supcrinlendant of several foreign glass-*"

houses.
'

i'
The oxide of iron is an eminent example of this-change cf
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1

it imparts to almost all subjects, whether of the

animal, vegetable, or mineral kingdom §.

You seem to think that the changes which metals

undergo btj their absorption of oxj/gen are the most

surprising pheenomena of nature :—can you recol-

lect some other properties of oxygm, to sei've as a

comparison, and to elucidate its' importance ?

When I consider, in addition to the multiform

cflects of oxygen upon metals
||; that no animal

can exist, no acid can be formed, no kind of

combustion whatever can take place, nor even

the most insignificant vegetable perform its pro-

per functions, without the agency of this most

astonishing substance ; I cannot but exclaim

—

W e want no further proofs to demonstrate, that

the organization of the world has been eftected

colour. No less than seven distinct colours, Ijesides a gi'eat

variety of shades, are observed in minerals containing iron; and
to the iron in most cases is the colour to be ascribed. See p. 12.

White in thesomnite. Black in the obsidian. Green in the

eucl.iscj. Blue in the lazuhte. Red iri the garnet and ruby.

Yellow !U the topaz. Brown in the tourmalin.

§ I would recommend to the preceptor the penisal of an in-

teresting paper on oxygen, by Fourcroy, in one of the volumes,

of the Annales de Chimie. I apprehend that a more compre-

hensive idea of the nature and operation of this wonderful sub-

stance may be ar.juired by reading that essay, than from most
other treatises on that subject.

II
It is no unusual thing for chemistry to be called by its

votaries a fascinating science. That it is the most useful of all

sciences cannot be denied
;
nor can there be the least doubt
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bj consiirnnintc wisdom and goodness—attributes

belonging’ to Him cnly^ who has thus supplied

our wants, and minislcred to our comforts, and

even to' our luxuries. Other instances might

be enumerated in which oxygen is indispensably

necessary. Its importance is, however, too emi-

nently conspicuous to be overlooked in the forma-

’ lion of water; ihree-faurths of every particle of

which, whether we consider it in the ocean, or

in the lakes, rivers, and fountains, that pervade

every corner of this material world ;
or contem-

plate the immense quantity always floating as

vapours in its atmosphere ;
wc shall find to

consist of tliis one important dmple substance,

OXYGEN.

that it has a strong tendency to enchant those who devote their

attention to it. It^erves as a powerful stimulus to youth,, as it;

occupies their time so satisfactorily to themselves, and renders

all low and unworthy pursuits truly detestable. But amidst the

great variety of subjects, whidi this science embraces, the

changes which the metals undergo, by their absorption of ox-

ygen, are perhaps more eminently calculated than any other of

its departments, to give a relish for chemical pursuits, and to

engage the young mind in the unremitted examination of tlic

•works of creation.
,“ The philosophic youth

To Nature’s voice attends, from month to month.

And day to day, through the revolving year >

' Admiring, sees her in her eyn-i/ shape j

Feels, all her sweet emotions at his heart

;

While Tuuxh, divinely breaking on his mind.

Elates his being, and unfolds his powers.” Thomson.
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XI.

OF OXIDES.
t

HAT is an oxide ?

Any one or more of the simnle subst^inces,J i.
9

when united to a legs quantity of ox'yo’en tba'u is

neeessary to form an acid, is called an oxide.

What substances are capable offorming oxides ?

The ininerab the animal, and the vegetable

kingdoms, all fnrnisli matters which are con-

Ycrtitne into oxides by a union with oxygen*.

* The oxides appear to range themselves into two classes.

There are oxides which are permanently snch, so long as they

retain the oxygen which enters into their formation
;
and there

are others which seem to possess only a kind of intermediate

state between combustibles and acids, being convertible into

acids by a further portion of oxygen, niis will appear as u e

proceed.

According to the old theory, metals were supposed to be

oxidized by the loss of phlogiston
j
and when these oxides were

reduced to a metallic state, it was imagined that they recovered

their phlogiston from the carbonaceous matter employed in

tlieir reduction. Those persons who have not been in the habit

ot roaduig the works of the oldci: chemists may nnderstand
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I7i what way do metals become united to oxygen ?

There arc several ways in which metallic ox-

ides are formed^ the chief of which are by the

access of atmospheric air, by the decomposition

of water, and by the decomposition of acids.

Will all metals become oxidized by exposure to

the air ?

No: gold, silver, and platina, cannot be oxi-

dized, unless in a very high temperature ; thoughiron* *, copper, and lead, by long exposure to

the air, will become oxidized in the coldest at-

mosphere. Manganese, by such exposure, will in

a few hours be converted into a perfect oxide.

Are metals exer exposed to the air with the design

of converting them into oxides P

'Fhe common red lead of the shops, which is

a true oxide of lead, is made b}^ melting that me-

them by attending to the following particulars : In most cases,

all that is necessary is to substitute the word oxygen for phlogis-

ton, with a slight inversion of the language. For the effects

which they attributed to the combination of phlogiston appear

to be due to the extrication of oxygen
;
and what they sup-

posed to be owing to the loss of phlogiston was really occasion-

ed by the absorption of oxygen.

* Metals not only become oxidized by atmospheric air, but

sometimes, by exposure to its action, pass from a lower to a

higher degree of oxidizement. Thus, if a solution of the com-

mon sulphate of iron be exposed to the atrposphere, it acquires

afurtlier dose of oxygen, and by degrees a portion of the metal

is precipitated'.
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tal in oveiiS;, so constructed as to have a free ac-

cess of atmospheric airf.

HoW is it known that the change of common
lend to red lead is caused hp the absorption of

oxug.en /

This is known by the increase of weight which

the metal acquires during' the operation;];; and

to confirm the fact, the oxide may be again re-

duced, and the original quantity of metal left

unaltered.

Do all metals increase equally when converted

into oxides ?

No t each metal has its extremes, between

f Some of the metallic solutions cannot be formed but in

contact with oxygen or atmospheric air. Thus, copper or lead,

placed in acetic acid, and excluded from the air, does not form

any solution
j

but if the mixture be exposed to the air, oxygen

is absorbed, and the solution takes place.

X The following account of the manufacture of red lead,

from Watson’s Chemical Essays, will be a satisfactory proof of

this doctrine. In tlie manufactories of red lead in Derbyshire,

die melted lead is exposed to atmospheric air
;

the surface

soon becomes covered with a dusky pellicle
;

this pellicle being

removed, another is formed
;
and thus, by removing the pel-

licle as fast as it forms, the greater part of the lead is changed

into a yellowish green powder. This powder is then ground

Very fine in a mill, and, -when washed and properly dried, is

thrown back into the furnace, and by constant stirring for 48

hours, so as to expose every part to the action of the air, it be-

comes red lead, and is taken out for use. Twenty cwt. of lead

generally give 22 cwt. of red lead
j

so that 2 cwt. of oxygen is

absorbed from the atmosphere during the process.

2 F 2
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>vhicli it absorbs oxvgen in various proportions* ;

and one metal may not only have a greater or

loss capacity, but also a greater or less attraction

for oxygen than another; so that one Avill olten

rob the other, thus reducing the oxide to its

primitive metallic form f

.

What metals are oxidized hy the decomposition

of zvater

Iron, zinc, tin, and antimony decompose wa-

ter, and become oxidized by the process. The

rust which forms upon polished iron is occa.-

sioned by the iron imbibing the oxygen of the

water which it decomposes as it meets it in the

* This may be shown by keeping a given weight of iron-

wire reel hot tor some time in the bowl of a common tobacco-

pipe, and weighing the iron before and after it has been sub-

mitted to the experiment.

f Zinc, by its powerful attraction for oxygen, decomposes a

great number of salts and metallic solutions, and precipitates the

metal from them in a metallic form, or in the state of oxides,

less oxidized than they were before. This may b© exemplified

by the experiment of tlie metallic tree, which has been attri-

buted to Dr. Black. For the method of conducting it, se«

Chapter of Experiments, No. 123.

The pin-manufacurers wdiiten their pins on the same prin-

ciple. They fill a pan witli alternate layers of pins and gram

tin, into which they pour a solution of super-tartrate of potass,

and tlien boil the whole for four or five hours. In this process,

the tartaric acid first dissolves the tin, and then gradually depo-

sits it on the surface of the pins, in consequence of its greater

jiffinity for the zinc, of which the b7'ass wire is composed.

J An increase of near 30 per cent, may be given to iron, by

i
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atmosphere. Tliis metal, when heated, decom-

poses water with great rapidity §,

Ilo-ii) do these metals operate in thus decomposing

•water ?

This effect, like most of the operations of na-

ture, depends on chemical afiinity. These metals

have a greater affinity for oxygen than oxygen

has for hydrogen ; the oxygen of the water, there-

fore, unites with the metal, to form a metallic

oxide
(|,

while the hydrogen, the other ingredient

of the water, escapes in the form of gas.

Is it known xuhat propor!ion of oxygen each me-

tal requires, in order to its being converted to an

oxide ?

Most of the metals are capable of combining

heating it red hot, and passing a continued stream of the vapour

of water over it, when in that state. This increase of weight

arises from its decomposing the water, and imbibing its

oxygen.

§ The metals, which arc capable of decomposing water, ef-

fect it much sooner by means of heat iban without. In this

case, the caloric unites with the hydrogen of the water, and

carries it off in hydrogen gasj wliile the oxygen, the other

comjjonent part of water, unites with the metal. Hydrogen re-

quires a very large portion of caloric to give it the gaseous form.

This accounts for the necessity of heat, when water is decom-

posed by means of some metals.

II
See Die aceount of an experiment, page 130, which ex-

plains the operation of metals in the ieco.mposition of water.
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w'itli difTrrcnt proportions of oxygen, according

to tlie mode by which they are oxidized

In what instances are acids used to oxidize me-

tals I

Many instances of this mode of forming me-»

tallic oxides might be adduced : thus, common
white lead is made by exposing sheet lead to the

fuides of acetous acidf; and the oxide of tin.

* With respect to some metals,, one dose of oxygen occa-

sions the loss of their metallic splendour
j
a larger dose destroys

that splendour entirely
5
and the proportion of oxygen may be

increased so far as to give to the oxides an appearance altogether

earthy. We have reason to believe that most of the metals are

capable of indefinite degrees of oxidizement, producing oxides

of various colours and possessing very different properties.

In the oxidizement of metals by acids, though there be no

oxygen gas sensibly present by which it is effected, oxygen ex-

ists in the acids, also in the water, with which the acids are

diluted
j
and the effect is owing to the passage of a portion of

oxygen from one of these substances to the metal; and the in-

crease in weight, which the metal acquires, is always equal to

the weight of the oxygen absorbed. Whenever a metallic oxide

dissolves in an acid, it causes the acid properties to disappear

exactly as if an alkali had been employed
;
and saturates cor-

responding quantities of the different acids. Berthollet.

f The manufacture of white lead is conducted in the fTfllow-

ing manner : A number of earthen crucibles, holding from 3

to 6 rjuarts each, and nearly filled with vinegar, are placed it\

hot beds of tan
;
upon these crucibles thin sheets of lead, rolled

up in coils, are placed, one coil over each crucible. The heat

of the bed occasions the vinegar to rise in vapour, which af-
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bj submitting that metal to the action of the ni-

tric arul

What are the properties of metallic oxides ?

.,They are in general friable and pulverulent;

are heavier than the primitive metal
;
and witli

the different acids form metallic salts§.

taches itselfto the lead^ and oxidizes its surface to a considerable

depth. At a certain time the oxide which has been thus formed

is scraped off, and the coils of lead replaced : in this manner

the operation is repeated, till the whole of the metal is oxidized.

This oxide, which contains a portion of carbonic acid, is after-

wards washed, and ground for sale. See Additional Notes,

No. 28 j
also Mr. Hume’s Observations, in the Medical and

Physical Journal for March 1805.

* The metallic oxides readily combine with alkalies, and

with some of the earths, similar to the acids. Hence originate

the terms plumbate of potass, plumbate of lime, argentate of

ammonia, &:c. These terms, however, are certainly im-

proper.

§ The nature of the combination of oxygen with a metal,

the subsequent solution of the metal in an acid, and its revivi-

fication, may be shown in a satisfactory manner by the follow-

ing process : Take a quantity of copper filings, boil them in

concentrated sulphuric acid (common oil of vitriol) with a small

portion of nitric acid
;
and when the copper is dissolved dilute

the solution with water, and set it aside to crystallize. The

crystals will be the true sulphate of copper, and will exemplify

the formation of a metallic salt. Then dissolve these crystals

in a little water; and if the polished blade of a knife be im-

mersed in the solution, the copper will be revived, and appear

of its natural colour upon the knife. The oxygen, having a

greater affinity for the iron than the copper, passes to the iron,

by which the copper becomes de-oxidized, and consequently
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Is it necessary to oxidize the metals that arc in-

tended to be formed into metallic salts ?

Ail vnetals are incapable of dissolving in acids^

until they are combined with oxygen^. This is

a fact of great importance to be remembered; it

is a truth to wlsich there is no exception f.

insoluble in the acid : it therefore precipitates itself from the

solution, and attaches itself to the knife in a metallic form. In

the formation of sulphate of copper, the oxidizeraent of the

metal, and its solution in the .acid, seem to be only one op.era-

tion
;
but the metal is undoubtedly first o.xidized by the oxygen

of a portion of acid, and then becomes soluble.

It is not only true that all metals must be oxidized before

they can be dissolved in acids, but they must contain a certain

proportion of oxygen, which proportion varies according to the

nature of the metal to be dissolved, and tlie acid that is em-

plo)ed. On the other hand, if a metal has combined with

more oxygen thati the necessary proportion, it will preci-

pitate itself from the acid, and be incapable of forming a salt.

The dyers are often perplexed by -the operation of this principle.

In making their solutions of tin, if they add the tin to the acid

too hastily, or in too large ciuantilies, the tin becomes, by the

violent action of the acid, more oxidized than it ought to be,

and precipitates itself instead of remaining in the solution. In

some metallic solutions it is necessary to add a third snUstance,

for the purpose of depriving the metallic oxide of part ot its

oxvgen, in order to prevent a precipitaiion.

f It was formerly imagitied that metallic salts could be formed

with the metal in certain states ofoxidizement only. Thus the

salts of iron have been supposed to consist of the metal in deter-

minate degrees of oxidizemetit
;
one, the green sulphate, con-

tiiiiungil at the yniininum, the other, the red sulphate, at the maxi-

nnim j
and that between these there are no intermediate com-



OXIDES. 441Chap, n.3

Is there any instance of the s'ronger acids being

made use of hij manufacturers to dissolve metals ?

Yes: the manufacturers of sulphate of copper

boil the oxide of copper in strong- snlphuric acid,

and dissolve it by that operation
;j;.

What other instances are there of manufacturers

using the mineral acids for dissolving metals ?

Silver is frequently dissolved in nitrous acid,

by the refiners, in the business of parting §; gold

is dissolved in nitro-nuiriatic acid, for painting

cliina; and the dyers use large quantities of tin

dissolved in a 'peculiar acid prepared for that

purpose
II

.

binations. But Berthollet has remarked (see Chemical Statics),

that in the crystallization of sulphate of iron, the first crystals

are nearly without colour : those which succeed in the subse-

quent crystallizations assume more and more colour, to a deep

green
;
and at last there is a liquor not capable of crystallizing,

and which contains the metal in the state of the highest ox-

idizement. I’his proves that some metallic salts have not fixed

proportions of oxygen, but pass by insensible gradations from

one state to the other. See more on this subject in Murray’s

Chemistry, vol. iii. page 52 to 56.

J This is common l)Iue vitriol. The mode of its manufac-

ture may be collected from a former note.

§ For an account of this business, consult Lewis’s Com-

merce of the Arts.

II
It is supposed that some hundred tons of tin are annually

usejd ill this way, by the dyers of these kingdoms.
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Is it possible to recover metals which have been

dissolved in acids ?

The attraction of the different metals for oxy-

gen is so various, that several of them, when dis-

solved, may be precipitated even in a metallic'

form, by the addition of metals that have a g-reater

affinity to oxygen than the dissolved metal

What is the usual mode of reducing metallic

oxides ?

Charcoal is the agent usually employed, on

account of its superior affinity for oxygen f

.

* This is exemplified by the refiners in their operations.

When the silver is dissolved in aqua-fortis, they recover it by

placing plates of copper in the solution. The copper absorbs

oxygen from the silver, and the latter is precipitated in a metal-

lic state. All metals have the powers of de-oxidizing gold and

silver
;
copper will take oxygen from mercury ;

and iron will

reduce an oxide of copper. The degree of attraction for oxygen,

which the different metals possess, seems to be in the following

order:—manganese, zinc, iron, tin, copper, mercury, silver,

gold.

y The usual mode of procedure is to mix a quantity of char-

coal with the metallic oxide, and subject the mixture to an in-

tense heat in crucibles. The oxygen combines with the char-

coal, and with a portion of caloric, and goes ofi in carbonic acid

gas >
the metal then falls to the bottom of tlie crucible in a

button.

The reduction of metallic oxides, by mixing them with char-

coal powder, and submitting then^ to the action ot file, probably
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Are you acquainted with any other agent which
''

is equal to the de-oxidizement of a metal

Yes; some metals have so loose an union with

oxygen, that even light | will separate it, and re-

duce the oxide to its original metallic state§.

I

gave rise to the fable of the Phoenix, which was a favourit*

emblem w’ith the old chemists :

For, when Arabia’s bird, by age opprest.

Consumes delighted pn his spicy nest,

A filial phqpnix from his ashes springs.

Crown’d with a star
j
on renovated wings

Ascends exulting from his funeral flame.

And soars and shines, another and die same.”

/ ' Darwih.

Chemists formerly had an idea that combustion cannot destroy

the matter on which it operates. I have seen an old engraving

of sundry chemical apparatus, with a phoenix in the midst of

its flames, with this superscription ;

—

“ Naturae regna insiar Phoenicis per ignem reviviscunt.”

Of all known substances, carbon and hydrogen have the

strongest attraction for oxygen. This accounts for their effi-

ciency in de-oxidiziug metallic oxides. Muriatic acid has the

property of partially deoxidizing several of the metallic oxideg.

It has a greater affinity for oxygen than any other acid.

Oxygen gas is composed of oxygen, caloric, and light.

Without a chemical union with light it would not be in a state

pf gas.

§ Sennebier discovered that the rays of light have not all

the same chemical effects ;—that the violet rays, for example,

will blacken recent muriate of silver in 15 seconds, though

the red will not produce the same effect in less than 20 tui-

nutes. Respecting some other properties pf light, see Addi-

tional Notes, No. 21.
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Hydrogen gas will eflcct the same purpose, when
assisted by heat

*

.

TVhat oxides are there besides metallic oxides?

'SVe are acquainted with an oxide of each of

the simple combustibles f, sulphur, phosphorus,

and hydrogen ; with two oxides of carbon, the

other simple combustible; and with tvro of ni-

trogen.

What is the origin of the oxide cf sulphin' ?

This oxide is formed by keeping sulphur

melted;};, for some time in an open vessel, where-

by it absorbs oxygen from the surrounding at-

mosphere

What is the origin of the oxidS af 2)hosphorus ?

If phosphorus be not preserved entirely from

the access of air and light, it soon becomes first

white, and then of a dark brown colour, bv its

* If the red oxide of lead be put into a receiver of hydrogen

gas, and the oxide be heated by means of a glass lens, the

oxygen of the metal will combine with the hydrogen to form

water, and the metal w’ill be completely revived.

» f With the exc?ption of water, all the products arising from

the union of the simple combustibles with oxygen are either

oxides or acids.
,

4: By this operation sulphur acquires a permanent red colour.

It is used in this state for taking off impressions from seals and

medals.

§ According to a late analysis of Dr. Thomson, the oxide

of sulphur contains Q7.6 sulphur, and 2.4 oxygen. See his

paper on this subject in Nicholson's Journal, 8vo, vol. vi. 92.
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union with oxygen. In this state it is oxide of

phosphorus
I].

What is the nature of fhe oxide of hydrogen ?

Hydrogen difl’ers from the other three simple

combustibles in being capable of combining only

with one dose of oxygen ;
whereas they form acids

as well as oxides. The combination of oxygen

with hydrogen produces water H.

What is the nature of the oxides of carbon ?

The first degree of oxidizement of carbon pro-

duces carbonous oxide, or charcoal ^
; a further

degree of oxidizement gives it a gaseous form,

and produces carbonic oxide.

Horo is carbonic oxide prepared ?

Carbonic oxide, which was one of the last dis-,

coveries of Dr. Priestley, is procured by heating

charcoal with metallic oxides, or earthy carbo-

nates ; by which means the charcoal absorbs suf-

ficient oxygen to give it a gaseous form.

II
Phosphorus, when newly prepared, always contains some

#xide of phosphorus mixed with it
;
but this may be easily

separated by plunging the mass into water heated toabotrt 10^

The phosphorus melts, while the oxide remains unchanged,

and swims upon tlie surface of the melted phosphorus.

^ For the nature and properties of water, see Chapter iv.

page 1 20.
'

* Charcoal is composed of about 64 carbon and 36part**

oxygen
;
but it generally contains also a small portion of hy-

drogen. For the properties of charcoal, consult Chapter uc.

page 321 .
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What is the difference in the composition of car-^

tonic oxide and carbonic acid ?

Carbonic oxide contains 60, and carbonic acid

82 per cent, of oxygen

What are the properties of carbonic oxide

/*

Carbonic oxide, like most other gases, is invi-

sible and elastic ; its specific gravity is somewhat

less than that of atmospheric air; it is highly

combustible f ; but it is a gas that will not itself

support combustion; neither is it fit for animal

.
respiration j;.

What are the oxides of nitrogen P

The first degree of oxidizernent produces 7u-

trous oxide ; a further portion of oxygen forms

7iittdc oxide. Both these oxides are in the state

of gas.

What is the origin of nitrous oxide; and how is

it procured f

Nitrous oxide is another of the gases disco-

vered by Dr. Priestley§. It is readily procured

* Carbonic oxide is composed of 60 oxygen, and 40 carbon.

Carbonic acid 82 oxygen, and 18 carbon.

-} Carbonic oxide burns with a lambent blue flame in atmo-

spheric air
j
but it burns with more rapidity and brilliancy when

mixed with oxygen gas.

I According to some French chemists, birds dropdown dead

immediately on being put into this gas. These chemists at-

tempted to breathe it themselves ;
but It produced giddiness

and faintness. Ann. de Chim. xxxix. 56.

§ Priestley discovered this gas about the year 1“70, and
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by exposing crystals of nitrate of ammonia in a

retortj to the heat of a lamp
||

; by which means

the ammoniacal salt is decomposed, and this gas

evolved.

Whaf are the properties of nitrous oxide ?

This gas bears the nearest resemblance of any

other to atmospheric air. It will support com-

bustion even better than common air ;
is re-

spirable for a short timel ; is absorbed by wa-

called it dephlogisticated nitrous gas. For further information

respecting its properties consult Davy's Researches. Mr, Davy

investigated it with great care, and pointed out its nature and

properties.

II

The heat should not be less than 340°, nor above 400®.

One pound of dry nitrate of ammonia, well decomposed, will

produce rather more than four cubic feet of air, or about 32

gallons wine measure.

Nitrous oxide, or the gaseous oxide of nitrogen, as it Is

sometimes called, is composed of 63 nitrogen, and 37 oxygen.

^ Persons who have inhaled this gas have felt sensations

similar to those produced by intoxication. Its effects on some

people are truly ludicrous, producing involuntary muscular

motion, and a propensity to leaping and running
;
on otiiers,

involuntary fits of laughter ; and in all, high spirits, and the

most exquisitely pleasurable sensations, without any subse-

quent feelings of debility. When Mr. Robert Southey, the

|)oet, inhaled it, he declared that it produced in him sensations

perfectly new and delightful
j
and for several hours afterwards

he imagined that his taste and smell were more acute tliaa

psual. In a poetical rhapsody, he remarked, that he supposed

the atmosphere of the highest of all possible heavens must be

composed
,
of this ga.s. See Davy’s Researches, and Nicholson's

Journal, vol. iti. 4to, 446,

Frorhits luglily stimulant pod'crs, this gas has been applied
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ter
; and is capable of forming salts of a pecu-

liar nature, by its combination with alkalies.

Its spec. gray, is much greater than that of com-

mon air.

IVhat is the origin 0/ nitric oxide ; and how is it

‘procured f

Nitric oxide, or nitrous gas, as it has usually

been called, was also discovered by Dr. Priesllev,

during some,of his first experiments onair* *. It

is procured by digesting copper or mercury in

diluted nitrous acid, and collecting the gas which

rises during the solution.

What are the properties of nitric oxide ?

Nitric oxide is an invisible gas, which assumes

with advantage to the treatment of several diseases of cjebiirtyj

but I question whether it be more serviceable than pure oxygen

gas diluted with atmospheric air, as ordered by Dr. Thornton,

and some other physicians.

* This gas was used by Dr. Priestley for purposes of eudio-

metry. The first eudiometer w'as made in consequence of his

discovery, that wdien nitrous gas is mi.xed with atmospheric

air over watf;r, the. bulk of the mixture diminishes rapidly, in

consequence of the combination of the gas with tlie oxygen of

the air, and the absorption of the nitric aCid, thus formed, by

the water. Whenever nitrous gas is thus mixed with atmo-

spheric air, the diminution will be in proportion to the quantity

gf the oxygen
;
of course, this gas will alway.s indicate the mea-

sure of o.xygen present in any portion of air submitted to trial.

In consequence of some inconveniences attending tlie use of

this eudiometer, others Iiave been invented by Scheele, De

Marti, Humboldt, Seguin, Befthollet, and Davy. Anaacount

of their different processes may be seen in Dr. Thomson’s Che-

mistrj', vol. iii. 305.
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an orang'e colour ’svhenever it comes in contact

with atmospheric, or any other air that contains

oxygen It produces suS’ocation in those ani-

mals who attempt to ' breathe it, though some
substances W'ill burn in it;]]. Its specific gravity

is somewhat more than that of common air.

IVhat compounds areformed Tjjj means of nitric

oxide I

Citric oxide gas, wdien mixed with oxygen
gas, forms nitric acid. The aquawfortis of com-
merce owes its colour to this gas.

IVhat other oxides are ^ou acquainted lOith ?

The red part of the blood of animals is an ox-
ide ; and sugar is a vegetable oxide. Moreover
oils§, butter, and dried salt meats, become rancid

t Nitric oxide is composed of 57 oxygen, and 43 nitrogen,

)olh by weight. Nitric acid is composed of 75 oxygen and
15 nitrogen.

X If phosphorus be previously inflamed, it -will continue to

)urn in tais gas with as much splendour as in oxygen gas.

Dr. Priestley found, by experiment, that 100 me.asures of ni-

ne acid, of a moderate strength, absorbed in two days ()0 of
litrous gas : that when about 7 parts were absorbed, the acid

issurned an orange colour, when 18 parts were absorbed a

Teen colour, and when the go were combined it became red

ind fuming.

§ Seed oils are sometimes oxidized artificially for the pur-
»oses of painting. Linseed oil is thus boiled with the red oxide
if lead. In tliis operation, the oxygen of the metal combines
vith the oil, imparling to it the property ofdrying quickly. Oil
hus prepared is called drying oil.

2 G
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by absorbing oxygen from the atmosphere ;
so

that oxygen not only performs for us an infinite

number of valuable and important offices, but

appears to be one of the grand agents of decom-

position and destruction *.

* All organized beings, whether vegetable or animal, pos-

sess the materids ofwhich they ai'e composed only for a limited

time ; life itself is a boon which is only lent, to serve the pur-

poses of infinite beneficence. At the proper period, oxygen,

or some other powerful agent, effects the decomposition of the

curious fabric, and sets all the elementary particles at liberty, to

form other equally perfect and complicated existencies

“ Which thus, alternating with death, fulfil

The silent mandates of the almighty’s will j

Whose hand, unseen, tlie works of nature dooms.

By laws unknown,—WHO gives and who resumes.”
_

Darwiw.

‘ See Additional Notes, No. 2G,

)
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CHAP. xir.

OF COMBUSTION.

What is comhustion ?

Combustion * is a process hy which combus-
tible bodies decompose oxjgen gas, absorb its

base t, and suffer its caloric to escape in the state

of sensible heat.

* Lavoisier and other French chemists defined combustion
to be the combination of any body with oxygen. This defini-,

tion, however, has very properly been objected to
^

for there
are many instances of oxygen combining with a body without
producing combustion. Indeed, this union is sometimes ef-
fecred when no combustion can possibly take place. Oxygen
often combines witli bodies without any sensible extrication of
heat or light 5' but we never, in common language, give the
name of combustion to any operation in which heat and light

are not liberated.

'|- To render the explanation of this process more perspicu-

ous, it may be said, that oxygen exists in the state of gas in

atmospheric air
;

that when a combustible is heated to a certain

degree, it possesses such an attraction for oxygen, that it absorbs
it from the air and fixes it in a solid form

j while the light and
caloric, the solvents which gave it the gaseous state, escape and
difluse themselves among the surrounding bodies. See Addi-
tional Notes, No. 36 and 38 .

2 (i 2
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^rc all siihianccs ca\^ahle cf hcmg lurnt ?

No ; some substances are combustible'*, others

incombustible.

How are combustible bodies classed by chemists?

Into simple combustibles, compound combus-

tibles, and combustible oxidesf.

I'Fhat do yo-u mean by simple combustibles ?

Those combustible substances tliat have re-

sisted every attempt to decompose, them, are called

simple combustibles;|;.

Endeavour to enumerate the simple combustibles.

The simple combustibles with which we are

acquainted, are hydrogen, sulphur, phosphorus.

* The term, comhustille, is applied to ei’cry body that is

capable ofbeing burnt in atmospheric air, or in oxygen gas, and,

consequently, of uniting with oxygen.

-j- The combustible oxides consist of com.binations of the

combustible bodies, which have not undergone combustion, or

their compounds, with oxygen. This class of bodies is tery

numerous, as it includes the greater part of animal and' vege-

table substances. Tlie great combustibility of combustible

oxides is probably owing to- the weaker affinity by which their

particles are united. Hence, they are more easily separated

than homogeneous particles, and of course combine more readi-

ly with oxvgen. Those simple combustibles which melt easily,

'or which are in the state of elastic fluids, are also very combus-

tible, because the cohesion between their particles is easily over-

come. Dr. Thomson, in Nichobjon’s .Tournal for 1 602.

J For an account of the nature and properties of tlie sirnpl#

combustibles, sec Chap. ix. page 304.
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carbon^ and all the raetals§, except g’olcl^ silver,

and mercury.

What are compound comhusiiblcs ?

Compound combustibles are all such as are

formed by the union of two or more of the simple

combustibles jj. Common coal is an instance of

this combination

§ We may be satisfied that metals are really combustible, by

repeating the following simple and beautiful experiment of

Dr. Ingenhousz :
—“ Twist a small iron wire into the form of

a corkscrew, by rolling it round a small stick ; fix one end of it

into a cork (which will fit a glass jar previously filled with oxy-

gen gas), and lap round the other end a small bit of cotton

thread dipped in melted tallow. Set fire to the cotton, and

immediately plunge the v.diole into the jar of oxygen gas. The
wire will take fire from the cotton, and burn with great-bril-

lianc)', throwing out veiy vivid sparks in all directions. During

the combustion, the iron combines with tlie oxygen, which was'

in the jar, and is converted into an oxide, with an augmenta-

tion in weight of 35 per cent.” Mr. Accum says, that a thick

piece ot iron or steel, such as a file, may be burned in oxy-

gen gas, if it be made very sharp-pointed, and a small piece

of wood be stuck upon its extremity and set fire to previous to

its being immersed in the gas. The method of suspending the

metal in the jar may be seen in plate 4, fig. 17 , of Lavoisier’s

Elements.

II
The compound combustibles are arranged by Dr. Thom'*

son under the five following heads; 1st, sulphurets , 2d, phos-

phuretsj 3d, carburets; 4th, alloys; 5lh, sulphuretted, phos-

phuretted, and carburetted hydrogen.

^ Hydrogen and carbon, intirnately united in tlie capillary

tubes of vegetables, form bitumens, oils, and resins, which are

compound combustibles. See Additional Notes, No. 3t).
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What siibstcmccs are there which are incom-r

hustihle ?

We are acquainted with thirteen incombustible

substances; viz.j nitrogen*, the three alkalies, and

the nine earths f.

What is the nature of comhiislion't?

Combustion appears to be a double decom-

position §, in 'winch the combustible and the

* Perhaps nitrogen might be called a comhuslihle body, as

by means of electricity it combines with the base of oxygen

gas, forming nitrous acid.

I Some of the alkalies and earths possess certain properties in

common with combustibles, and are capable of exhibiting phse-

nomena somewhat analogous to combastion. These have been

described under the title of semi-comhustion

;

but for particulars

I must refer the reader to Dr. Thomson s theory of Combus-

tion, in Nicholson’s Journal for 1802.

X To the old chemists the process of combustion was quite

inexplicable;' its nature, indeed, was not at all understood till

within these thirty years. It is now known to be merely a play

of affinities between oxygen, light, caloric, and the base of the

combustible body; so that nothing is really lost, but new mo-

difications of the same ingredients take place.

§ Dr. Thomson’s account of combustion will convey to the

reader a clear idea of this natural phaenomenon.—“ When a

stone, or brick, is heated, it undergoes no change except an

augmentation of temperature, and when left to itself it soon

cools again, and becomes as at first, But with combustible

bodies the case is very different. When healed to a certain

degree in the open air, they suddenly become much hotter of

themselves, continue for a considerable time intensely hot,

sending out a copious stream of caloric and light. Phis emis-
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supporter of combustion dhicle themselves each

into two portions^ which combine in pairs; the

one forming the product, the other the fire which

escapes
||.

What do you mean hy supporters of coin-

huslion f

The substances which are called supporters of

combustion are not of themselves combustible,

but are necessary to the process ;
that is, no

sion after a certain period begins to diminish ;
and at last ceases

altogether. The combustible body has now undergone a most

complete change; it is converted into a substance possessing

very different properties, and no longer capable of combustion.

The product is incombustible, because its base being already

saturated with oxygen cannot combine with any more. M.
Lavoisier fnlly established the existence of this general law

—

that ‘ in every case of combustion oxygen combines with the

burning body.’ Oxygen does not combine with a combus-

tible body till its temperature is raised; but when a combusti-

ble bedy is raised to a certain temperature, it begins to com-

bine with the oxygen of the atmosphere, and this oxygen

-during its combination lets go the caloric and light with which

it was combined while in its gaseous state.” Dr. Thomson,

vol. i. 4J7-

11
The component parts of the oxygen which is furnished by

the supporters of combustion are two; viz. oxygen and caloric:

the component parts of all combustibles are -likewise two; viz.

the lasc and light. If the two first are called No. 1 and 2,

and the two latter No. 3 and 4, the product of combustion

will be formed by the union of No, 1 and 3, and the com-

pound, which we call fire, will arise from the combination of

No. 2 and 4. Dr. Crichton, 1 believe, was the first chemist

who gave this view of combustion
;
and in his public lectures

^hicidated the theory, by many appropriate experiments.
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combustion can ever take place without one or

other of the supporters of combustion being pre-

sent* .

What substances are deemed supporters of com"

bustion P

There arc only seven known supporters of

combustion; viz., oxygen gas f, atmospheric air,

nitrous oxide, nitric oxide, nitric acidj], oxyge-

nized muriatic acid, and hyper-oxygenized mu-
riatic acid§.

* For a further elucidation of this subject, consult Dr. Thom-
son’s Essay on Combustion, in Mr. Ficliolson’s Philosophical

journal for 1802.

•} If oxygen gas be forced out of a bladder, or a gasometer,

upon a piece of ignited charcoal, the combustion will be so

much increased, (hat the light thrown off wdll "be too vivid for

the eye to endure. Rock-crystal that has been exposed to an

intense heat, in atmospheric air, for a very long time, and has

suffered nothing in its hardness, transparency, or any other qua-

lity, will fuse like other substances, when submitted to a

stream of oxygen gas.

+ If nitrous acid be mixed with about half its weight of

sulphui ic acid, and poured into a little oil of turpentine, the

whole will immediately burst into flame. In this experi-

ment it is the oxygen of the nitric acid which promotes the

combustion.

§ To the above list of supporters might be added tcater
;

for it is well known that w'ater in many cases promotes and ac-

celerates combustion. It appears that the ancients were ac-

quainted with this property of w'ater: hence die invention of

the a:olip,le, which w'as much in use formerly. Dr. Plott, in

page 433 at his History of btaffordshire, mentions a curious
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TVliat is it that imparts to these mrious bodies

the peculiar property of supporting combustion f

The principle common to all these substances-

is oxygen; it is therefore to oxygen alone
[|
that

they are indebted for this property.

Is it kno-xn Jioxv oxygen supports combustion ?

The agency of oxygen in 'combustion is at-

tributable to its affinity,^ for combustible bodies.

For whenever such bodies are ignited, in cir-

cumstances favourable to combustion, they ab-

sorb oxygen from the atmospheric air, or other

contiguous substances, till the combustible is

converted to an incombustible body.

instance of the employment of this instrument. He says, that

the lord of the manor of Ellington is bound by his tenure to

drive a domestic fowl every new-year’s-clay three times found

the lire in the hall of the lord of Hilton, while Jack of Hilton

(a brazen figure having the structure of an aeolipyle
)
blows the

fire. I believe this.grotesque figure is still pre.served at Hilton;

a drawing of it may be seen in the thirty-third plate of Plott’s

Staflbrdshire. The Heathen priesthood employed this instru-*

meut in working .sham miracles. Some of the ancient Sa.s:on

and German idols were of this construction.

II
As oxygen gas contains the caloric which is liberated during

combustion, we have reason to suppose that all the supporters

of combustion contain caloric combined with their oxygen, as

an essential Ingredient in their composition.

^ Combustion, like all other chemical processes, may be ex-

plained by the laws of chemical affinity. The combustible

having a greater affinity to' oxygen than oxygen has to caloric,

the oxygen gas is decomposed, and its oxygen combines with

the ignited body, while its caloric, becoming free, produces the
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From "iXihcnce proceeds the heat which we observe

during combustion ?

In general, tlie heat produced by combustion

arises from the oxyg’cn gas of the atmosphere*

;

for, as the oxygen combines with the combustible

bodj", it disengages the caloric which it held when

in the state of atniospheric air.

Can you explain this operation with more pre-

cision ‘

The act of combustion elfects a real analysis

of atmospheric air ;
for while the oxygen com-

bines with the combustible, the caloric, in the

form of sensible heat, is thrown oft’ in every di-

rectionf.

iieat which is diffused among the surrounding bodies. As the

oxygen unites with tlie combustible, it becomes more dense

than it was when in the state of gas, consequently it has less

capacity for caloric than it had
3
a portion of it, therefore, must

be given out before the oxygen can combine with the new sub-

stance that attracts it from its former combination.

* Though every case of combustion requires that heat should

be evolved, yet this process proceeds very differently in different

circumstances. Hence the terms ignition, inflammation, deto-

nation, &c.

“

-j- The rapid combustion that is occasioned by inflaming com-

bustible substances, mixed with oxy-muriate of potass, is owing

to the large quantity of oxygen contained in that salt, and which

it holds by a weak affinity
j
and also to a large portion of calo-

ric which this singular substance contains in union with its

oxygen, and Avhich is given out, while the oxygen enters into

combination with the co.mpustible. See Note, page 269.
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Does Ihis account for the long conliniied heat

’Which 7.VC experience in exerjj common combustion f

Whenevet wc burn a combustible body in

order to procure beat, a continued stream of at-

mospheric air flows towards the fire-place| to

occupy the vacancy left by the air that has un-

dergone decomposition, and which in its turn

becomes decomposed also§. Hence a supply

of caloric is furnished, without intermission, till

the whole of the combustible is saturated with

oxygen,

J On some parts of the continent rooms ,are warmed by

stoves tliat have ash-pits without
j

so that the combustion is

kept up by air which has no ccmnection with the air of the

room; consequently there is no current, nor is the air of tlie

room contaminated; and the persons who occupy them are not

subject to tlie inconvenience of those cold draughts of air which

render some of our rooms tliat have large fire-places dangerous

and unhealtiiy.

§ Argand’s lamp is constructed upon this principle, that

a current of air hastens conibusiion: for in consequence of this

perpetual supply of oxygen the air is renewed every moment,

and produces heat sufficient to burn the smoke as it is formed.

The smoke which arises from a common fire is chiefly water

in the state of vapour, with a mixture of carburetted hydrogen

and bituminous substances; part of the water comes from the

moisture of the fuel
;

the other part is formed daring combus-

tion, by the union of the hydrogen of the combustible with

the oxygen of the atmosphere. What takes place in a com-

mon fire would furnish an intelligent parent with matter for

several interesting conversations, which could not fail to rouse

the curiosity and contemplation of his pupil. Sec Additional

Notes, No. 10',
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TVhat other effects are produced hy combustion P

As the combustible burns, light is disen-

gaged, and the more sublile parts of the com-

bustible, now converted bj caloric into gas, are

dissipated in that state'^. When the combustion

is over, notbing remains but the earthy parts of the

combustible, and that portion which is converted

to an oxide or an acid by the process f

.

From whence proceeds the light which you say is

disengaged during combustion ?

It is now generally supposed that the light

and flame which appear during this process pro-

ceed from the combustible body|: though some

* Part of the caloric, which is furnished by the supporters

of combustion, generally combines with part of the combustible,

and converts it into gas, as has been beautifully expressed by

Pr. Darwin;

—

“ Thus heat, from chemic dissolution springs.

And gives to matter its eccentric wings;

With strong repplsion parts the exploding mass.

Melts into lymph, or kindles into gas.”

I The product of combustion is always eiUier an oxide, or

an acid, or both.

+ If the light arose from the decomposition of oxygen gas,

those combustibles which absorb most oxygen, would give out

most light ;
but this is not the case. Pure hydrogen in burning

combines with more oxygen than any other body, and gives

out more heat
;
yet the light is barely perceptible. Several

instances might be adduced, in which the quantity' of oxy'gen

combining with the combustible, during this process, is greatest

where the light is smallest.

The existence of light as a constituent part of combustible
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cliemists imagine that the light comes in part

from the decomposition of atmospheric air§.

^Miat is ilic origin of light ?

Light, \vliich is an extremely attenuated fluid

matter, is constantly transmitted from the sun to

bodies, seems to have been proved by the experiments of Dei-

man. Pacts, and others. TJiese chemists exposed a mixture of

suJphtir and zitic to a high temperature, without any substance

being present from which they could derive oxygen. At the

instant when the sulphur and zinc formed a sulphuret, there

was a vivid emission of light; and when the materials were

examined, it was found that no oxidizement had taken place.

On this subject, see Mr. Portal’s remarks, Phil. Mag. vol. xv.

p. 207. Also Thomson’s Fourcroy, vol, i, 190. See Note,

page ^ 28 . .

“

That a great part of the light comes from the combustible,

is evident from the colour of the light generally varying ac-

cording to the nature of the combustible. Carbonic acid ’ourns

with a blue flame, carburetted hydrogen with a white, charcoal

with red, and sulphur with blue or violet,” Dr. Thomson.

That lime contains light is well known. If quick-lime be

slacked in the dark, the liberation of light will be ver}’- evident.

That light is a real substance, and can become concentrated

in bodies, is evident from the properties of phosphorus. But it

may also be satisfactorily shevrii by shutting a person up in a

dark room, and directing him to put one of his hands out for a

short time into the sun’s rays, and then to draw it back into the

dark; when he will be able to see tliat hand distinctly, and not

the other. See Additional Notes, No. also a not®, page

318 .

§ Tlie following fact seems to prove that atmospheric air

contains light. Some time ago a soldier in tiie French army

found that heat was produced by llie condensation ol' the air
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the earth*. It is also found comhincd with

several terrestrial substances f.

in an air-gun. The experiment lias lately been repeated before

the National Institute. If the air be very rapidly compressed,

heat is disengaged by the first stroke of the piston, sufficient

to set fire to apiece of fungus match placed within the pump.

If the end of the pump, be fm-iiished with a glass lens which

admits of the inside being seen, at the first stroke of the piston

a ray of \iivid hrilUant light will be perceived. See Note,

page 132.

Light is generally given out, whenever oxygen combines

with any bodyj oxygen therefore is scarcely ever extricated

without the agency of light.

* Light is transmitted to us from the sun, accompanied with

caloric, in little more than eight minutes, which is a velocity

almost equal to 200,000 miles in a second of time
j
but the.

rays of light and the rays of caloric are distinct from each

other. It has been demonstrated that some rays from the sun

produce heat, which have no power of communicating light.

For a further elucidation of this subject see a paper by Dr,

Herschel in the Philosophical Tiunsactions, and an account

of the experiments of Sir Henry Englefield in the first vo-

lume of the Journals of the Royal Institution. The velocity

oT light will appear truly astonishing, when we consider that

were a cannon-ball thrown from the sun, and, travelling with

the same velocity that it acquires when first shot from the can-

non, it would be more than thirty ycru’s in arriving at this

earth.

j- Light is capable of entering into bodies, and of being

afterwards extricated without any alteration. It also combines

with them, and forms one of their component parts. Or»

this subject consult Dr. Hulme’s paper in the Pliilosophieal

Trans.acfions for JSOO and 1801
;
Dr. Hcrschel’s paper in the

former of these volumes, and Dr. Wollaston's in the volume
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JFhat is the nature of light ?

Light is a peculiar substance^ the nature of

which is little understood;};; but it possesses

several very singular and striking properties^.

for 1802
;

all which are extremely interesting. See also Mr.

Henry’s obsei-vations in (he fifth volume of the Manchester

IMemoirs. From the following beautiful apostrophe to Light,

by Milton, there is some reason to imagine, that even ia

his time some idea was entertained of light being latent ia

bodies :

—

” Hail, holy light ! offspring of Heaven first born.

Or of th’ Eternal co-eternal beam.

Bright effluence of bright essence increate

Thy fountain who shall tell ? Before the sun.

Before the heavens thou wert; and at the voice

Of God, as with a mantle, didst invest

The rising world of waters dark aird deep.”

X Sir Isaac Newton described light to be a substance con-

sisting of small particles, constantly separating from luminous.-

bodies, moving in straight lines, and rendering bodies luminous

by passing from tlrem and entering the eye. Ihose who wish

to become acquainted with all the known properties of light,

such as the refraction, reflection, inflection, &c. of its rays,

may consult Newton’s Optics, Fourcroy’s System of Chemical

Knowledge, and the several papers by Herschel and count

Rumford, in the Philosophical Transactions.

§ Light is decomposable into seven di.stinct rays of different

colours. Some bodies absorb one coloured ray, others another,

while they reflect the rest. This is the cause of colour in

bodies. A red body, for instance, reflects the red rays, and

absorbs the rest. A white body reflects all the rays, and ab-

sorbs none; while a black body, on the contrary, absorbs all

the rays, and reflects none. Dr. Paley has remarked, “ that

if light had been made by a common artist, it would have been

of one uniform colour; whereas, by its present composition.
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Is the presence of atmospheric air necessary to

combustion P

Combustion cannot take place in a vaemm)

;

no combustible body can burn without atmo-

spheric air;, or at least without oxygen^ which is

a component part of atmospheric air *.

«'e have that variet)' of colours which is of such infinite use to

us for th^ distinguishing of objects
j
which adds so much to

die beauty of the earthy and augments the stock ofour innocent

pleasures.”

“ Nature’s resplendent robe!

Without whose vesting beauty all were wrapt

In unessential gloom.”

, Light has great effect on vegetation. See a Note, page 34#.l

It also possesses the property of deoxidizing several of the me-

tallic oxides, by combining with their oxygen, to which it

gives wings, as it were, to fly off in the form of gas.

The glow-worm seems to have the faculty of absorbing light

aud giving it out at pleasure:

—

“ Sweet child of stillness, midst the awful calm

Of pausing Nature thou art pleas’d to dwell.

In happy silence to enjoy thy balm.

And shed through life a lustre round thy cell."

Dr. Walcott.

In the Asiatic Annual Register for 1802, we are told that

there is a sparrow of Hindostan, that has the instinct to light

up its nest in the night-time with glow-worms, which it col-

lects for this pistpose
;

aiid that it attaches them to the inside

of its nest by means of a tenacious kind of clay. See Addi-

tional Notes, No. 40.

There is an insect common in the United States, called the

l-uii, that is seen sometimes in considerable numbers,

shedding its intermitting light, on summer evenings, in tha

fields and gardens.

* This may be demonstrated by placing a lighted candle un-
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In what do conibustible bodies differ from each

. other P

Combustible bodies differ from each other

principally in the rapidity with which they ab-

sorb oxygen, and in the proportion of it which
they f can take up, to form the new compound.

What is the effect of these properties, in the act

of combustion P

The greater the portion of oxygen gas which
any combustible body is capable of decomposing,

the greater will be the heat that is produced by

the combustion.

How is it known that oxygen unites with the com-

bustible body in the act of himiing P

If a combustible substance be burnt in a suf-

ficient quantity of vital air in a close vessel, and

the product preserved, the whole will be found

der a glass jar, inverted upon a plate of water. It will be seen

that the candle will go out as soon as it has consumed all the

«xygen contained in die included air.
'

f Almost all the simple substances are capable of combining

with various doses of oxygen. Thus sulphur forms oxide of

sulphur, sulphurous acid, and sulphuric acid; phosphorus forms

oxide of phosphorus, phosphorous acid, and phosphoric acid;

carbon also unites witli different portions of oxygen and forms

carbonous oxide, carbonic oxide, and carbonic acid. When
either of these simple combustibles is united to any other, or

to either of the alkalies, earths, or metals, the combinations are

known by names ending in uret, as sulphuret' of potass, phos-

phuret of lime, carburet of iron. See.

2 H
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to be increased in weight* exactly in propor-

tion to the oxygen gas consumed ; and the com-

bustible body will then have become incom-

bustible f.

What is the causepf a body becoming thus incom-

bustibleP

Because when a body is fully burnt it is satu-

rated with oxygen ;
at least as far as combustion

can saturate it; it, therefore, cannot combine with

any more: but some bodies may be rendered com-

bustible again, by depriving them of the oxy-

gen which they absorbed in their former com-

bustion
J;.

In the decomposition of atmospheric air by com-

bustion, what becomes of the nitrogen gas ?

As the oxygen becomes fixed in the combusti-

* Phosphorus is an eminent instance of this increase by com-

bustion. Ifan ounce of phosphorus be properly inflamed, it

will produce more than two ounces of phosphoric acid
j

the in-

crease in weight arises from its absorption of oxygen.

:]• A series of curious experiments of this kind may be seen

in Lavoisier’s Chemical Elements, 495, and following pages,

fourth edition.

;};

“ This view of combustion authorises us to divide almost

qU the productions of nature into two grand classes; one of

comhustille bodies, the other of bodies already burnt: in the

’

masses and action of the former we discern the causes of in-

flammable meteors, the perpetual alteration of the surface of

the earth, volcanos, See.; in the existence of the latter we pei-

ceive the source of the number and diversity of acids, saline

compounds, oxides, and metallic salts, which vary in a thou-

sand ways the appearance of ores, &c." Fourcroy.
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ble body, its caloric is disengaged; part of which
combines with the nitrogen,- and carries it off in

the form of rarefied nitrogen gas.

What chemical name is given to bilrnt bodies P

Such substances are said to be oxygenized, or

pxidized

;

that is, changed into acids, or oxides §.

Does the oxygen become fixed in all combustible

bodies ivlien burnt P

It is a characteristic pfoperty of a Oombusti-

ble body to form a chemical combination with

the oxygen, that is furnished by the supporters

of combustion, The oxygen acquires such den-

?dy by this process, that it is often extremely dif-

ficult to separate it again from the oxide
[|.

§ Whenever 3 substance is converted to ah oxide. We say it

js oxidized; but if it becomes an acid, by its union with oxy-

gen, we say, it is oxygenized. We are indebted to Mr. Che-
nevix for this lucid definition of terms, too often used indis-

criminately.

II
When oil is burnt in an Argand’s lamp, its carbon unites

with the oxygen of the atmosphere, and forms carbonic acid

gas while its hydrogen unites with another portion of oxygen,

and forms water. Every 100 ounces of oil thus burnt pro-

duce 130 ounces of water. In these products of combustion

the oxygen is more intimately combined than it was with ca-

loric in the gaseous state. Hence we see what a beautiful se-

ries of changes and modifications the elements of matter are

destined to undergo, and how admirably Nature has prpvided

for the preservation of all her productions.

“ To me be Nature’s volume broad display’d}

And to peruse its all-instructing page.

My 5ole delight.”

9 H 2
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Is it possible to separate entirely the oxygen from

burnt bodies?

Yes: bodies, may be deoxidized in various

'ways* *; and in some cases the oxygen may be

transferred from the buriit body to a fresli com-

bustible body, and be made the means of pro-

ducina: a fresh combustion: or itmavinmany

cases' be completely separated, and shown in its

primitive or gaseous statef

.

What part of bodies is it 'which is destroyed by

combustion ?

,
No part that we know of. We have reason to

think that every particle of matter is indestructi-,

ble, and that the process of combustion
;|;
merely

That the combustion of alcoliol produced water was known

in the time of Boerhaave. By presenting a cold vessel to the

flame of alcohol he collected water that was without taste or

smell, and in every respect like distilled water.

I

* Water is a product of combustion, and its base is hydro-

gen, the most combustible substance we are acquainted with.

To restore the combustibility of the hydrogen, we have only

to abstract its oxygen; which may readily be done, by mixing

iron or zinc filings, and sulphuric acid, with the water; the

metal becomes oxidized, and the hydrogen gas is evolved as

combustible as ever.

j- 'I'his is frequently done for the purpose of procuring oxy-

gen gas. The oxide of manganese, or of mercury, is exposed,
^

to a proper degree of heat, and the gas received in a suitable

apparatus, as it is extricated.

% The following concise account of the tlieory of combus-

tion I copy from Berthollet. “ When bodies are burnt, none



COMBUSTION. 469Chap. 12.3

decomposes the body, and sets its several compo-

nent parts at liberty to separate from each other^

and to form new and varied combinations §.

What is the natural inferencefrom this interest-

ing fact ?

The natural conclusion is^ that nothing less

than consummate wisdom could have devised

so beautiful a svstem, and that nothinfr short of

infinite power could have so modified matter

as to subject it to the operation of such laws

—

laws that effect so many desirable purposes, and

at the same ,time so etfectually prevent the de-

struction of those elementary principles, which

of their principles are destroyed; they had previously formed

together one kind of compound, and they now separate from

' each other, at the high temperature to which they are exposed,

in order to form others, with the vital air in contact with

them ; such of the principles as cannot unite with the vital

air, that is the earth, some saline and some metallic particles,

compose the cinder. The new compounds formed, are car-

bonic acid, or fixed air and water : tire proportion of these

varies according to the irroporlioii of the carbonic particles, and

of the hydrogen that had been contained in the inflammable

body.” Vol. i. page l63.

§
“ It was said of old, that the Creator weighed the dust,

and measured the water, when he made the world. The first

quantity is here still
;
and though man can gather and scatter,

move, mix, and unmix, yet he can destroy nothing; the pu-

trefaction of one thing is a preparation for the being, and tlie

bloom, and the beauty of another. Something gathers np all.

fragments, and nothing is lost.” Robinson. See Adclitionid

Notes, No. 37 .

3
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are actually essential to the preservation of the

world*.

The indestructibility of matter is beautifully expressed in

the following lines by Dr. Darwin:

—

Hence when a monarch or a mushroom dies.

Awhile extinct the organic matter liesj

But, as a few short hours or years revolve.

Alchemic powers the changing mass dissolve^

Emerging matter from the grave returns,

Feels new desires, with new sensations burnsj

With youth’s first bloom a finer sense acquires,

.^nd LOVES and ple.^sures faq the rising fires.”
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CHAP. xrii.

OF ATTRACTION, REPULSION, AND
CHEMICAL AFFINITY.

'
' ^

JVh^t is attraction* ?
, , j >

Attraction is an unknown force, which causes

bodies to approach each otherf.

Which are the most obvious instances of at-it'
traction ?

i The gravitation of bodies to the earth; that of

the planets towards each other and the attrac-

tions of electricity and magnetism §.

* In compiling this chapter, I have availed myself, not only

of Dr. Thomson’s and other systems of chemistry, but also of

Dr. Duncan’s Introd. to the New Edinburgh Pharmacopoeia.

•j- Attraction has, by some philosophers, been attributed to

^an inherent property of matter, and by others to the influence of

some foreign agent. The former is perhaps tlie most probable

supposition.

+ Sir Isaac Newton demonstrated, that the planetary at-

traction is the same principle as gravitation. To this prin-

ciple we are indebted for the periodical flux and reflux of the

tides, and for other important operations of nature.

“ For this the moon thro’ heav’n’s blue concave glides.

And into motion charms th’ expanding tides

;

While earth impetuous round her axle rolls,

Exalts her wat’ry zone, and sinks the poles.” Falconer.

For some account of magnetism see Note f, page 383. In
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Are you acquainted with. other instances of atr

traction ?

Yes : attraction subsists between thepanicles**

of bodies; and it is this kind of attraction which

comes under the more immediate cognisance of

chemists f

.

How is this kind of attraction defined in chemical

language ?

Whenever the force of attraction operates be-

tween particles of the same species, it is called

addition to that, it may be remarked, that if a steel needle

be rubbed frovi its eye, to its point, a few times over the north

pole of a magnet, and then stuck in a small cork, to swim on

\yater the eye will veer towards the north, and the point to

the south. In this way the Chinese form their mariner’s com-

pass
;

a guide on which they can rely at all times with perfec(:

safety. ' ^

“ So turns tlie faithful needle to the poje,

Tho’ mountains, fise between, apd oceans roll."

* If common flowers of sulphur and potass be m'lxed and

thrown into water, t^e sulphur will separate, and the potass be

dissolved; but if they be previously melted together, the uniop

will then be so perfect, that the compound will be completely

soluble. The design of this experiment is to show that chp-

rnical aflfinity has no sensible action but on the mere elemen-

tary particles of' bodies.,

-J-
All the operations of chemistry ^re founded pn the force

-of attraction which nature has established between tlie par-

ticles of bodies, apd by which force all bodies cohere. The art

of chemistry employs diflerent means to destroy this attraction

of cohesion, and to foni) fresh substances by the meaps of new

attractions. Take sile.x as 311 instance:—In this earth the at-

traction of cohesion is so strong that the most powerful acids
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the attraction of cohesion'^', or tlie attraction

of aggregation; but SA’hen between the particles -

of ditferent substances, it is called the attraction

of composition, or chemical fijfmity §.

(one excepted) have no action upon it. But if the strength of

this cohesion be broken by fusing it with an alkali, it then her

'comes obedient to some of the other acids, and piay be held in

solution by them.

Klaproth found, that the ruby and the adamantine spar are

scarcely affected by any chemical agent
j
but that it tljeir cor

hesion be destroyed, they are then acted upon, and their ana-

lysis can be accomplished.

% It is from the attraction of cohesion that a drop of water is

always spherical, and that small particles of quicksilver are

constantly of a globular figure. In consequence of the same

species of attraction, particles of v'ater and otlier liquids

ascend in capillary tubes. If a small plate of glass be laid

.upon a globule of mercury, the globule, notwithstanding the

pressure, continues to preserve its round figure. It the plate

be gradually charged with weights one after another, the mer-

cury becomes thinner and thinner; but as soon as the weights

are removed, its globular figure is restored.

^ A piece of loaf sugar broken into fine powder, or water

in the state of vapour, i^ said to have its attraction of aggre-

gation broken; but the smallest atom of the powder is still

sugar, and the most trifling portion of the vapour is still water.

In order to exemplify the latter kind of attraction, a little

caustic soda qiay be put into a glass, aqd muriatic acid added

to it. Both these are corrosive substances; but the compound

resulting from them will be found to be our common table salt.

Here we have an instance of two heterogeneous bodies pro-

ducing by their action on each other a distinct substance,

possessing the properties of neither of the bodies which com-
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Can you explain with more precision what if

meant by attraction of aggregation^ F

The particles of all bodies are possessed of

the inherent property Of attracting each Otlierj

which causes them to adhere,, and preserves the

various substances around us from falling in

pieces. The nature of- this wonderful property

is entirely unknown. ’

pose it. See Additional Notes, No. 11. Also se\-eral in-

stances of chemical affinity in tlie chapter of Instructive and

Amusing Experiments.

If several salts be dissolved in the same water, when they

crystallize, each particle will find its own kind by a sort of

innate polarity. To prove this, dissolve separately equal

weights of sulphate of copper and crystals of nitrate of potass

in sufficient quantities of boiling water
j
pour them together

while hot into a flat pan, and when the water has evaporated a

little, and the whole is suffered to cool, the salts will shoot:—the

sulphate of copper in blue, the nitre in white crystals, similar

to what they were before they were dissolved.

* There are different kinds of aggregation
j

viz, solid, soft,

liquid, and ga.seous, A stone is an instance of the first, jelly

of the second, water of the third, and atmospheric air of the

last. ' • , ; . ! ;

If we carefully notice t\^t) small particles of mercury, while

gently moved along a smboth surface towards each other, a

mutual attraction of one to the other will be veiy evident at

the moment of their union into one globule. Two small

pieces of cork floating in a bason of water, if not nearer to the

edge than to each other, will visibly approach, and at last come

into contact.

The force of the attraction of aggregation, in solid bodies.
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What do you understand by attraction of com-

position, or chemical affinity ?
'

The particles of every simple substance have

not only an attraction among themselves, forming

the aggregation of that body or substance; but

they have also another attraction to such other

substances with which they have an affinity

;

and, when presented, unite to them, and form a

new compoundf.

may be measured by the weight necessary to overcome it.

Thus, if a rod of metal, glass, wood, &c. be susjiended in a per-

pendicular direction, and weights be attached to its lower ex-

tremity till the rod break, the weight attached to the rod just

before it broke, is the measure of the cohesive force of the rod.

f This power was by Bergman called elective attraction, as

though matter were endued with the ability to prefer one

substance to another. Chemical affinity is a more definite term,

and is now in general use.

Those substances which are capable of uniting, are said to

have a chemical affinity for each other; those which do not

form a chemical union, are said to have no affinity. The

varied influence of this property of matter may be attributed

by the atheist to chance-, but the man of sober reflection, who

allows the evidence of a mass of facts to have its natural in-

fluence upon his mind, will be persuaded that chemical afEnity

can neither be ascribed to accident, nor to a necessity in the

nature of things; for, perceiving that the works of nature and

art are all governed by this astonishing principle, he will at-

tribute the whole to the contrivance, to the wisdom, and td

the goodness of an intelligent Agent, \Vho has varied the-'d

Operations in a thousand ways, to suit the designs of his bene-

ficence, and to promote dilferent and distinct purposes of utility

jind happiness.
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What are the Idxvs of chemicalaffinity* *?

.
Chemical affinity can only exist between the

particles of opposite and distinct substances; and

this species of attraction is exerted with di.fcrent

force, according to the nature of such sub-

stances, and frequently in proportion to the mass.

Most bodies combine only in certain propor-

tionsf:—the new combinations acquire new
properties;!;, and are incapable of separation by
mechanical means.

How arc the cliJfLrcnt kinds of chemical affinity

distingidshcd?

Chemical affinity is of three kinds; viz., sim-

ple affinity, compound affimity, and disposing

affinity.

i-

* There are several laws of chemical affinityj but these

, may be studied with more effect when the first' elements of the

science are understood. They are well explained by Fourcroy,

in his System of Chemistry, vol. i. q6, &c.

f Thus oxygen and hydrogen combine only in one propor^

tion, and the result is water; nitrogen and hydrogen combine

also in one proportion, and ammonia isHhe result.

+ If we melt together equal quant K.ips of tin and iron, two

malleable and ductile metals, the Compound produced will

have totally lost the properties whichs-’its constituent parts posr

scssed before their union
;

for the ajloy formed will be a very

brittle metal. If liquid aramonid' and muriatic acid, both

fluids of a strong otjour, be mix^d in proper proportions, a

fluid will be produced entirely de^id of sntell; viz. muriate of

ammonia.

If nitrate of ammoiiiiBii^iSshlphate of soda, both in crystals.
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What is simple affinity f *

When two substances unite merely in conse-

quence of their mutual attraction^ th^y said

to combine by virtue of simple affinity §.

JVliat is compound ajffinUy P

; The action of two compound substances,

witereby they mutually decompose each other,

and'^^duce two or more new compounds ||.

i:
""

N

be rubbed together iti a stone mortar in equal proportions, the

mixture will be converted to a fluid.,

§ The following experiments will serve to exemplify some

cases of simple afTmity Take a portion of acetate of soda,

pour muriatic acid upon it in a retort, and distil it to dryness.

The acetic acid will be expelled, and the muriatic acid will be

found in combination with the soda,' united so strongly that the

most intense heat will not be able to separate it. This effect is

owing to the soda having a gi'eater affinity for muriatic acid

than it has for the acetic. If a portion of nitric acid be now

added to the muriate of soda, and heat applied, the muriatic

acid will be again disehgaged, and the nitric acid will be m

possession of the soda. Lastly, If to the nitrate of soda, sul-

phuric acid be added, and these exposed to a due degree of

heat, the nitric acid 'will be expelled, and the sulphuric acid

will be in possession of tlie alkali, forming a true sulphate of

soda. These changes all take place in consequence of chemical

affinity. By this affinity acetic acid combines w'lth soda, and

forms a salt called acetate of soda ;
but muriatic, nitric, and

sulphuric acid, have each of them a stronger affinity for soda,

and their respective affinities are in the order in which they

have been named.

II
If into a solution of sulphate of ammonia there be poured

nitric acid, no decomposition is produced, because the «ul-
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JVhat do you wean hij disposing affinity P

When bodies^, which apparently have no ten-

dency to unite of tlietnselvevS, combine in conse-

quence of the addition of another substance ;

the union is said to be produced by means of

disposing affinity.

phnric acid has a stronger affinity than nitric acid for ammonia.

But if a soJution of nitrate of potass be poured in, we obtain by

evaporation two new bodies, sulphale of potass, and nitrate of

ammonia. In thi? case, the sulphuric acid of the sulphate of

ammonia attracts the potass of the nitrate of potass, at the

same time that the ammonia attracts the nitric acid
;
and to the

agency of these united affinities the double decomposition must

be attributed. The manner in which these combinations take

place has been explained by the following diagram—the idea of

which first occurred to Dr. Cullen. In order to understand it,

let the affinity of potass to sulphuric acid be = 62 j
tliat of

nitric acid to ammonia = 38 j
that between nitric acid and,

potass = 50 ; and that of the sulphuric acid and ammonia = 46.

Now, let us suppose that all these forces are placed so as to

draw the ends of two cylinders crossing one another, and fixed

in the middle in this manner.

Potass 50 N.acid

go

' It is evident, tlwil as 62 and 38 = 100 are greater tliaa
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What other terms are employed on the subject of

chemical affinities ? . ;

TL'here are wliat are called quiescent attractions^

and divellent attractions.

What do you mean hy quiescent attractions ?

When two or more bodies are presented to each

other, the attractions which tend to preserve their ^

original arrangement of parts are denominated

the quiescent affinities*.

50 + 46 = 96, they would overcome the other forces, and

shut the cylinders.

In like manner acetate of alumine, which is used by the

dyers and calico-printers, cannot be formed by the direct mix-

ture of its component parts
;

for acetic acid exerts no action

upon alumine, however its parts may be divided by mechani-

cal means. But if we mix sulphate .of alumine with acetate of

lead, a mutual decomposition will take place, and the article

required will be produced.

concentrattdaxtnc acid be poured upon iron, no union will

take place. ITie component {larts of the nitric acid have so

great an affinity for each other that the iron has no power to

effect a decomposition. But if a few drops of water be added,

the union between the oxygen and nitrogen of the nitric acid

will be weakened, part of its oxygen will combine with the

iron, a violent action will take place, clouds of nitrous gas will

be disengaged in abundance, and the iron will soon be entirely

dissolved in the acid.

* If a solution of nitrate of silver be poured into a solution

of muriate of soda, two new substances will be formed
;

viz.,

nitrate of soda, and muriate of silverj the latter of which,

being iiisolnble in water, w’ill be precipitated. In this experi-

ment the affinity of the nitric acid to the silver, and the mu-
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is meant hj diveUent affinities ?

Those attraetions wliich tend to destroy the orf-

g-inal compound, and to form new arrangements,

are called the drecllcnt affinities.

IVhat advantage do we derivefrom the study of
chemical affinities ?

From all tliat has hitherto been explained, this

seems to be beyond doubt the- most important

])art of chemistrj
;
for it is only from a thorough

knowledge of the affinities, which different sub-

stances liave for each other,. that we shall ever at-

tain a complete analysis of the productions of

nature.

liatic acid to the soda, are the <iidescent affinities
j
whereas the

affinity of the nitric acid to the soda, and the muriatic acid to

the silver, are the divellcnt affinities. Hence no new arrange-

ment of parts in any mixture can take place, unless divellent

attraction exist.

Among the affinities of any substance, there is generally at

least one peculiar to that substance which stamps it as one of

its generic characters
j
and it is of the utmost importance to

the student, in the most early stage of his progress, to imprint

these characteristics upon his mind as often as he happens to

meet with them. It is these predominating affinities which

are more particularly sendceable in the classification of the

chemical properties of different substances, and of the chemical

phreuomena derived from them. Thus, affinity for oxygen

distinguishes inflammable substances; and the reciprocal af-

finity of acids and alkalies constitutes acidity and alkalinity.

Thus, barytes has a superior affinity for sulphuric acid, and

lime for the oxalic acid, &c.
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Huw should a pupil proceed to acquire what

seems so essential to chemistry— knowledge of

these affinities F

He must practise as well as study the various

tables of affinities of Bergman, Pearson, and

others. The original tables were compiled by

Geofl’roy, near a century ago.

How are chemical affinities noted in these ta-

bles* F

The name of the substance, whose affinities are

* The following single example may serve as a specimen of

the tables of affinities, and will be sufficient to explain the na-

ture of all others. Let the question be Sulphuric Acid, and it

will be formed thus :

—

SULPHURIC .ACID.

Barytes.

Strontian.

Potass.

Soda.

Lime.

Magnesia.

Ammonia.

Alumine.

Metallic oxides.

Water.

Tills table is designed to show that barytes has the strongest

affinity for sulphuric acjd, and will detach it from any of th«

2 I
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required, is always placed at the head of the co-

lumn, and separated g-enerally by a line
;
below

this the other bodies are placed in tlie order of

their attraction to the first substance :—thus in re-

s])ect to the affinities peculiar to sulphuric acid, it

appears that barytes, which is the nearest, would

separate strontian, potass, or any one of the suc-

ceeding substances, from sulphuric acid, vi hich

j)refers barytes to all other bodies whatever.

yli'c these tables to be depended upon in every case

of chemical composition and decomposition f

These tables, notwithstanding some excep-

tions* *, are so extremely useful, that the study of

them cannot be too strongly inculcated; for in

most cases they may be safely trusted by the prac-

tical chemist.

succeeding substances iu the list
j

actual experiment will, con-

firm it.

* The affinities of bodies are affiected by (he proportions in

which they are presented to each other, by the cohesion of

their parts, by chemical repulsion, &c. Berlhollet has shown

that substances are capable of decomposing each other recipro-

cally, if they be added respectively in the proper quantity.

Tims sulphuric acid, decomposes nitrate of potass alrogetlier, by

the assistance of heat. The nitric acid is driven off, and there

remains behind sulphate of potass. But if nitric acid be poured

into sulphate of potass in sufficient quantity, it takes a part of

the base from the sulphuric acid, and nitrate of potass is re-

gi^nerated. In like manner phosphoric acid decomposes mu-

j iate of lead, and muriatic acid decomposes phosphate of lead,
.
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JVhat is repulsion P

Repulsion is a peculiar property, inherent in '

he particles of all matter, which gives them a

constant tendency to recede from each other f.

How docs this properft/ of mailer opcra'.e P

It operates both at sensible and at insensible

distances.

f Sir Isaac Newton found that when a convex lens was put

upon a flat glass, it remained at the distance of the

of an inch
j

that a very considerable pressure was required to

diminish this distance, and that no force which can be applied

will bring them into actual mathematical contact. Other

philosophers have shown that the particles of no body w'hatever

are in such contact; that in every case there is a distance be-

tween them
;
consequently that the particles of all bodies repel

each other. According to Boscovich, the atoms, of which all

bodies are composed, are mere matliematical points, destitute

of extension and magnitude, but capable of acting on each

other with a force which diflers in intensity, and in kind, ac-

cording to the distance. At sensible distances the force is

attractive, and diminishes inversely as the squares of the di-

stance, At. the smallest distances the force is 7‘epw/.s'h»e; it in-

creases as the distance diminishes, and at last becomes infinite,

or insuperable; so that absolute contact, of course, is im-

possible, Dr. Thomson, vol. iii. 272. The particles of all

gases and of atmospheric air evidently repel each other. It i.s

to repulsion that they are indebted for their elasticity.

Some bodies have such a repulsion for water that it is difficult

to wet them. The spec, gravity of-steel is much greater than

that of w'ater, yet if a dry steel needle be placed with care upon

the surface of a bason of water, the repulsion of the water will

S r 2
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JVhat instances are there of the foj'mer kind of

repulsion ?

The only kinds of repulsion that can be ex-

hibited to the senses, are tljose ofelectricity* *

and magnetismf; but it is insensible repulsion

with which chemists are more particularly con-

cerned.

JVhat instances have you of this latter kind, or

of insensible repulsion ?

The chief example that we are acquainted

prevent its sinking. Thus, some insects will walk upon water

without any of it adhering to them
;

“ Or bathe unwet their oily forms, and dwell

With feet repulsive on the dimpling w'ell.”

* If two cork balls be suspended from an insulated body

w^ith fine threads so as to touch each other, and we charge that

body with electricity, the cork balls will separate immediately.

The balls of course repd each other.

-} When we present the nortii pole of a magnet A to the

•ame pole of another magnet B, suspended on a pivot, and at

liberty to move, the magnet B recedes as the other approaches;

and by following it with A at a proper distance, it may be made

to turn round on its pivot with considerable velocity. There is

then a repulsion between the two magnets—a repulsion which

increases with the power of die magnets; and this power has

been made so great, by a proper combination of magnets, that

all the force of a strong man is insufficient to make the two

north poles touch each odier.

The natural magnet is a ponderous iron-stone, of a blackish

colour. It is supposed to derive its magnetic powers from the

potaition in which it lay in the earth. It one of these natural
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witli is the repulsion of the particles of caloric;]^

amongst themselves; which repulsion would con-

stantly tend to infinite separation^ were it not for

a chemical union, which, by an irrevocable law

of nature, they form with th") first surrounding

body : for by that law, it seems, the particles of

caloric cannot exist in an isolated state.

IIouo does this repulsiveforce operate upon other

bodies ?

It diminishes the cohesion of the integrant

particles of all heated bodies, in consequence of

the particles of caloric repelling each other; so

magnets be broken in pieces, each piece will have an attracting

and a repelling pole, and the middle between the poles will

neither attract nor repel. The queen of Portugal was in pos-

session of one ot these natural loadstones of a very large size,

and capable of sustaining a weight of more than 200 pounds.

It was a present from the emperor of Chiua, to John V. king

of Portugal. If a steel needle be rubbed on one of these mine-

rals as directed, page 47 1 , it immediately acquires polarity :

“ The obedient steel with living instinct moves.

And veers for ever to the pole it loves.”

I It is now generally imagined that what is called insensible

repulsion is owing to the presence of caloric. It is well known

that the elasticity of air and all other gaseous bodies is increased

by heat
;

that is, tliat the repulsion between the particles of

air, the distance remaining the same, increases with the tem-

perature, so that at last it becomes so great as to overcome

every obstacle which can be opposed to it. This subject is

fully treated by Dr..Thomson, vol. iii. 2/9, to which I refer '

the reader.
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that chemical unions, as well as chemical de-

compositions, are wonderfullj facilitated by this

species of repulsion*.

Endeavour to explain this action of caloric xdih

more precision ?

As chemical affinity takes place only between

the ultimate molecules of bodies, while the at-

traction of cohesion remains superior to that of

affinity, no other union can take place; but

whenever caloric has sufficiently diminished this

attraction in any substance, the particles are then

at liberty to form new combinations, by their

union with the particles of other bodies f.

' * It is evident, that whatever diminishes the cohesion which

exists between the particles of any body, must tend to facilitate

their chemical union with the particles of other bodies. One
reason why some bodies require a high temperature to cause

them to combine, is, that at a low temjjerature the attraction of

cohesion is in them superior to that of affinity
j accordingly it

becomes necessary to weaken that attraction by caloric, till it

becomes inferior to that of affinity. In like manner bodies

combine more easily when held in solution by water, or when

they have previously been reduced to a fine powder, as these

operations diminish the cohesion which exists among the pri-

mitive or integrant particles. Sulphuric acid has no action

upon a lump of fiuate of limej but if that earthy salt be re-

duced to powder, a violent action will ensue on the addition

of the sulphuric acid, and the fiuate of lime will be decom-

posed.

f The formation of the red oxide of mercury will exemplify

the above chemical axiom. If mercury be submitted to a hea
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Is the addition of caloric ahcays necessary to

promote chemical affinity ?

In order that the attraction of composition

may take place between two bodies, it is gene-

rally necessary either that one of the substances

should be in a state of fluidity!, or that heat

should be applied ; so that caloric acts an im-

portant part, either sensibly or insensibly, in all

cases of chemical affinity.

Does chemical affinity operate in consequence of

the universal law of attraction ?

We have reason to believe that every new corn-

little superior to that of boiling water, no new combination

will be formed, but the metal will remain unaltered. If the

heat be increased to 600°, or thereabouts, the attraction of

cohesion of the mercury will be broken
j

its particles will unite

with the oxygen of the surrounding atmosphere
;
and a new

substance, red oxide of mercury, will be produced. If this

new substance be again submitted to the operation of caloric,

and the heat be raised t'o 1000'’, the combination will again be

broken, and new affinities will take place. The affinity of

oxygen for caloric will now be greater than that of oxygen for

mercury
;

the oxygen will quit the mercury, unite with the

caloric, and be expelled as oxygen gas
j

thus the mercury will

consequently once more appear in its metallic state.

Red lead is formed by long exposure of metallic lead to at-

mospheric air in a high temperature
;
but by a great increase

of temperature, it is made to give out its oxygen in sufficient

abundance to be collected in appropriate receivers in the form

of oxygen gas
;
and the metal is partially revived.

I This is sogeneially thecase’that a chemical adage has been

founded upon it. Corpora non agu)it nisi sint soLiita,
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pound is produced by virtue of the attractio'n to

^^hich all matter is subject, and which is equally

operative on the mosf minute atom, as on a
planetary system*.

How do you imagine Hint the.same foi'ce which
operates upon the ultimate particles of bodies, so as

to prociuce composition and decomposition, can he

sufficient to preserve the planets in their orhits\?

e can neitliey comprehend the one nor the

other; nor can we see why the Almighty might
net as easily bestow upon one species of matter
the power of acting upon another when at a

distance]], as the power of being acted upon

* The attraction of the particles of bodies for each other

is exemplified by small quantities of water, or other fluids,

w'hich when dropped upon a flat surface, form themselves into

spherical masses,

“ That very law which moulds a tear.

And bids it trickle from its source.

That law preserves the earth a sphere.

And guides the planets in their course," Eogeks.

f A passage of bishop Watson’s will perhaps furnish as good

a reply to this question as can be given, ‘‘ We feel the inter-

ference of the Deity every where, but we cannot apprehend

the nature of his agency any w’here, A blade of grass cannot

spring up, a drop of rain cannot fall, a ray of light cannot be

emitted from the sun, nor a particle of salt be united, wdth a

never failing symmetry to its fellow, without him
;
every se-.

condary cause we discover, is but a new proof of the necessity

we are under of ultimately recurring to him as the one primary

cause of every thing.”

I
Dr. Herschel has shown, that not Only the planets in our
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and changed by matter when in actual con-

tact§/’

Is the consideration of this universal properti^

of matter calculated to produce any peculiar re-

fections ?

The contemplation of this subject has a natural-

tendency to promote the most profound feelings

of awe and admiration ; for the understanding

system are preserved in their orbits by mutual attraction^ but

that in the sideral .systems the double stars are so situated with

respect to each other, that they must be subjected to mutual

gravitation, and that they can only preserve their relative

distances by a periodical revolution round a common centre.

What he calls the insulated stars he imagines to be nearly out

of the reach of mutual gravitation. He considers our sun and

all the brightest stars to be of this class. They are at such im-

mense distances, that he calculates that Sirius (the nearest of

the fi.Kt stars to us) and the Sun, if left alone, would he 33 mil-

lions of years in falling together. The same philosopher has

said, that though light travels at the astonishing velocity of

2CXI,000 miles in a second, some of the nebulae are so far from

us that the rays of light must have been nearly two millions of

years in passing from them to our system. According to a

writer in the tliirty-second volume of the Monthly Review,

N. S, 523, astronomers are now acquainted with no less than

2120 of these nebulous stars. Probably they are so many

' distinct worlds, appropriated by the Author of nature for the

reception of intelligent beings, and for the abodes of rectitude

and felicity,

“ Lightnings and storms Plis mighty word obey.

And planets roll where He has mark’d their way."

§ Thomson’s Chemistry, second edilion, vol, iii. 176.

4
/
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of the highest intelligences sinks into notliing,

^vhen compared with t'le energy of that Omnipo-

tent Being, who had wisdom to contrive, and

ability to endue the matter which he had formed,

with the' astonishing Power of operating upon its

fellow matter either in contact, or when separated

by the infinity of space. Well might a writer of

antiquity assert, that “ God saw every thing that

he had made, and behold it was very good*.’*

* Having now completed my original design, of furnishing

the YOUNG with an elementary treatise on chemistry, it may

be necessary to apologize to some readers for the inti'oduction

of those moral reflections which so frequently occur. This

cannot be done better than in the language of a late popular

venter ;
—

“

Every man,” says he, ” has a particular train of

thought into which his mind falls, when at leisure, from the im-

j.ressions and ideas that occasionally excite it
5
and if one train

of thinking be more desirable than another, it is surely that

which regards the phaenomena of nature with a constant refe-

rence to a supreme intelligent Author.” Paley.
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I.

Of Specific Graviiij.

The common method of taking the specific gravity of the

metals, or of any solid body, is by comparing the difference

which there is in their weight when weighed in air and in

water
; that is, to divide the absolute weight by the loss, and the

quotient is the specific gravity. Thus, if a mineral which
weighs three ounces in air, weighs only two ounces when
weighed in water, the specific gravity of such mineral is 3

;

' that is, if water, as itgenerally is, be called 1.000, the substance
now examined is 3.000; or, to make it plain to die young
student, if a pint of water weigh one pound, the same hulk of
the mineral will weigh three pounds. 5ee page 41.
A more ready way to determine the specific gravity of solids

is to fill a phial with water, and note the weight of the whole
accurately in grains. Then weigh 100 grains of the mineral
or other substance to be examined, and drop it gradually into
the phial of water. The difference of weight of the bottle widi
its contents now, and when it was filled with water only, will
give the specific gravity of the matter under examination. For
example, if the bottle weighs 50 grains more than it did when
it was filled with water only, it shows that 100 grains of the
mineral displace only 50 grains of wafer, and consequently
that it is twice the specific gravity of water. This method
Is said to have been discovered by Archimedes. See Note,
page 30,

The specific gravity offluids is generally determined by an
areometer, which is a graduated glass tube with a bulb, so
contrived that it may .swim in the fluid in a perpendicular
position. I’he specific gravity is shown by the degree to
which this instrument sinks in the fluid to be examined, and
tins Will cou.sequciuly always be lower in proportion us die
liquid IS lighter
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The specific gravity of ardent spirits is generally ascer-

tained by means of an hydrometer, of which various kinds are
sold by the mathematical instrument makers
The following method, which was contrived by Dr. I^ewis,

the celebrated author of the Commercium Philosophico-Tech-

nicum, and which w'as communicated to me by the amiable
Samuel Moore, esq. late secretary to the Society for the pro-

motion of arts, manufactures, a,nd commerce, I prefer to

every other.

In this method the specific gravity of a liquor is estimated

from the excess of tire weigltt of a certain measure of it above
that of an equal measure of distilled water. A set of weights is

made for this purpose, called carats, or caduies, in tire following

manner
A convenient bottle being procured, the tare of the bottle

is first taken; it is then completely filled with distilled w'ater;

the weight of the w'ater is accurately divided into two equal

parts, and a weight made equal to one of these parts is marked
64 ; by continuing the division, are obtained the Aveights 32,

16, 8, 4', 2, 1 carats ; so that a carat is the 128th part of the

weight of the water. Another weight is then made which
counterpoises the bottle when filled with water

;
and so

many carats as the bottle filled with an alkaline lye, or any

other liquor, weighs more than this w'aterpoisc, so many ca-

rats strong is the liquor said to be.

A table of these carats, w'ith their corresponding degrees

of specific gravity, which I drew up for my owm use, will be

found with tlie other tables at the end of this volume
; but in

taking the specific gravity of bodies an attention should always

be paid to their temperature, as the specific gravity of a body

when expanded by caloric will always be less than it is when

at a low temperature.

II.
I

Of a curious Property of Charcoal.

A property of which charcoal is very eminently possessed,

and which may be regarded as a singular one, is that of ab-

sorbing, even when cold, aeriform fluids, and condensing them

in its pores, in quantity exceeding many times its own bulk.

A very interesting application may be made of this property.

The gases wliich are absorded, suffering so great a conden-

sation, tAvo gases introduced at once into die pores of the cliar-

coal may perhaps be made to com.bine. It appears from the

32d vol. of the Annales de Chi mie, that Avatcr has actually been

foimed by this means. The subject deserves to be prosecuted

;
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and if strong mechanical pressure were applied at the sam^
time, it is probable such combinations might be diversified,

and carried to a greater extent. Murray.

nr.

Of Ebullition.

Under an exhausted receiver, water will boil at the heat
of 9L° of Fahrenheit’s thermometer

;
whereas under the usual

pressure of the atmosphere it does not boil till it is heated
to 2 IS2®; though, as the atmosphere varies in density, it oc-
casions some little variation in this respect

;
for sir George

Shuckburgh found by experiment, that when the barometer
was at 26 inches, water boiled at less than 20.5 degrees, but
when itWas at 31 inches it required to be heated to near 214:"

before it would boil.

Under the common pressure of the atmosphere
Ether boils at . . 98"

Alcohol . . . .176
Water .... 212
Nitric acid . . . 248
Sulphuric acid . . 546
Phosphorus . . . 554

. Mercury and )

Linseed oil /
' '

Dr. Black made experiments upon several liquids in vacuo,
and found that in generaktliey all boiled with about 1 40 degrees
of heat less than when bearing the weight of the atmosphere.
Vitriolic ether (if the pressure of the atmosphere be removed)
will boil when 52 degrees below the cold sufficient for freezing
water. See pages 60 and 121.

IV.

Of the Combinations of Caloric.

Mr. Murray has remarked, “ We see no cause why, for a
great extent of the thermometrical scale, bodies should receive

caloric without entering with it into any intimate combination
;

why, when the temperature is raised to a certain point in each
body, this combination should suddenly take place

; and why,
after anotlier interval in the thermometrical scale, it should
ba renewed ;—^for example, why water at 3i", and, under tlie
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common atmospheric pressure, at 212®, and at those points
only, should contract an intimate union with caloric.” It is

true, the came which produces these effects is concealed from
our investigation, but surely many important results, from
these seeming anomalies of nature, must present themselves
to every contemplative mind, affording it fresh assurances
that nothing but beneficence united with consummate wisdom
could have dictated such curious and efficacious deviations in
the established laws of tlie universe.

“'Twas this that guided tliy Almighty hand,
When formless cliaos heard thy high command

;

When pleased, thy eye the matchless work jeviewed,.
And goodness placid, spoke ‘ that all was good.’

"

V.

Of Water.

In addition to what has been said in the note to chap. ill.

p. 118, on tire peculiar law which water observes during its

change of temperature ; it is worthy of notice that as ri-

vers, lakes, &c. give out caloric to the currents of cold air

passing over them, the upper stratum of water becomes of
greater specific gravity, and tlrerefore sinks, and tliat this oc-

casions the rise of a portion of warmer water which gives out

its caloric in like m.anner ; and that this constant circulation

very much contributes to moderate the rigour of winter

throughout the regions within what are called the temperate

zones. In the ocean and otlrer deep bodies of water this cir-

culation goes on for a considerable time, and an immense
quantity of caloric is thus thrown into the atmosphere—but

if no limit had been put to this process, what would have be-

come of those innumerable tribes of creatures that inhabit this

element. The exigency has however been admirably provided

for by the Author of Nature ;
for whenever the whole mass

of water arrives at the temperature of 42-’—5, its specific gra-

vity no longer increases by the further diminution of its tem-

perature, and the circulation that we have been speaking

of entirely ceases. How completely does this simple de-

viation from a general law answer all the purposes for which

it was intended

!

“ Slid) the all-perfect hand
That pois’d, impels and rules the steady whole.”

On the top of a hill near Lochness in Scotland, whose

perpendicular heiglit is nearly two miles , there is a small lake
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of fresh water, hitherto said to be unfathomable, which never
freezes during the coldest winters. Here the depth is so great
that the circulation is not completed before the return of
summer

I

whereas the Lochaawyn, or Green lake, 17 miles
distant, is perpetually covered with ice.

VI.

Of Oxygen Gas.

Details of several surprising cures by means of oxygen gas
have been given m the different volumes of Mr. Tilloch’s
Philosephical Magazine*. By the new invented gasome-
ters, and the apparatus sold with them, any kind of facti-
tious air may be accurately measured, and mixed with any
portion of atmospheric air that the physician may prescribe.
See page 73. And notwithstanding the ridiculous effects
W'hich nave bhen attributed to pneumatic medicine, by the
over sanguine practitioner, or by the designing impostor,
there can be no doubt but that the addition of more oxygen
gas to atmosplieric air, when aided by proper tonics, has in
many instances been very efficacious, and peculiarly so in
those female complaints which arise from want of sufficient
tone and vigour in the system.

Thus the afflicted, feeble, sickly maid
Whose spirits languisli, and whose health declines,
Looks to pneumatic chemistry for aid.

And on that science every hope reclines.

Anxious she marks the mixture of the airs.
And joys to liear them bubble and expand f;
Wliiie idl Hysteric every sinew tears,
And overwhelms her with his leaden hand.

Trembling she grasps the cold metallic tube,
In fear mysterious, and with caution drinks;
While every pulse acquires a kinder throb,
And still increases as the column^; sinks.

* Sec also an interesting Kssay on the Medicinal Properties of
Factitious .‘Virs,” by Tiberius Cavallo, esq. 8vo. Dilly, 1798.

t Wlien the oxygen gas is prepared, it is tlirown up through water
into the gasometer In bubbles, where it expands and mixes with the
atmospheric air, previously measured into ir.

t The gasometer is covered by an inverted cylindrical vessel which
orcsorves the air from escaping; this is hung upon pulleys, arj sink*
lower and lower in the water, as the gas is inhaled from underneath it



496 ADDITIONAL NOTES.

The heaving lungs inhale the vital gas,

Tlie blood absorbs it as it ebbs and flows;

It gives fresh colour to the fluid mass.

And the whole frame with pristine vigour glows.

Returning health adorns tlie roseate cheek,

And decks the features with its every chann;
While new designs, new energies bespeak,

And Reauty's self resumes her native form.

With emulation now her bosom burns

;

The grateful female cultivates her mind,

Aud feels the sweetest pleasure while she learns

The science* sent by Heaven to bless mankind.

VII.

Of the Production of Oxygen Gas,

Oxygen gas may be procured in any quantity from the

black oxide of manganese, rvhich is a cheap article. It is only

necessary to pulverize the manganese and expose it in an iron

retort to a proper degree of heat. The gas, which will rise in

great plenty from the retort, may be received in bladders or

any appropriate vessels. Dr Priestley, who discovered this air

called it dephlogisticated air. According to Mr. Parkinson, one

pound of manganese will furnish ten gallons of this gas. It

may be procured however with more ease, and in greater puri-

ty, from the oxygenized muriate of potash than from any other

substance; but as this is a dear article, manganese will be

chosen for all common purposes. See page 71'.

VIII.

Of the Effect of Oxygen upon the Blood.

To prove that oxygen gas is really imbibed by the bipod in

the lungs, Dr. Goodwin opened the chest of a living dog, and

exposed the lungs and heart to view. It was a striking spectacle

to observe the black blood, in its return from the lungs, and in

its passage to the lieart, change to a bright -vermilion colour.

As the dog became exhausted, it was found necessary to inflate

the lungs by artificial means. When this was omitted, the

blood received by the heart was black, aud in a little time its

action ceased.. But when the lungs were again m-ade to col-

* Chemical science is here intended.

!

I
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lapse and distend, by the inflation ofcommon air, the blood in

the pulmonary vessels regained its former crimson colour, and

the action of the heart and arteries was excited anew. See

page 7S.

jx.

Of the Circulation of the Blood.

According to Dr. Thomson, one principal use of the blood

Ts to furnish fibrina to supply the waste of tire muscles ;
lor

as neither the chyle nor the lymph contains fibrina when they

flow into tire blood, there must be a continual decomposition

of chyle and lymph in the blood-vessels, in order to form tliis

substance. We know that carbon and hydrogen are thrown

out by the act of respiration ;
he therefore concludes that one

use of the air absorbed is to abstract a quantity of carbon .and

hydrogen from the chyle, by compound affinity, in such pro-

portions that the remainder becomes fibrina*. For the m-

harmation of young readers, the following account of the ap-

paratus for elaborating the blood is copied from Paley’s Na-

tural Theology

:

“ There is provided in the central part of the body a hollow

muscle, invested with spiral tubes, running in both directions^

By die contraction of these fibres, the sides of the muscular

Cavities are necessarily squeezed together, so as to force out

from them any fluid which they may at that time contain : by

the relaxation' of the same fibres, die cavities are in their turn

dilated
;
and, of course, prepared to admit every fluid which

may be poured into them . Into these cavities are inserted die

great trunks, both of the arteries which carry out the blood,

and of the veins which bring it back. This is a general ac-

count of the apparatus : and the simplest idea of its action is,

that, by each contraction, a portion of blood is forced as by a

•yiinge into the arteries ;
and, at each dilation, an equal por-

tion is received from the veins. This produces at each pulse,

a motion and change in the mass of blood, to the amount of

what the cavity contains, which in a full-grown human heart is

about an ounce, or two table-spoons full. Each ventricle will

at least contain one ounce of blood. The heart contracts four

thousand times in one hour ;
from which it follows, that there

passes through the heart every hour four thousand ounces, or

850 lbs. of blood. Now the whole mass of blood is about ‘25

pounds ; so that a quantity of blood equal to the whole blood

within the body passes through the heart fourteen times in one

System of Chemistry, vol. iv. 725.

2 K
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hour; \^'hich is about once every four minutes. Only consi-
der what this is in very large •animals. The aorta of a whale
is larger in the bore than the main pipe of tlie water-works at

London bridge; and the water roaring in its passage through
that pipe is inferior in impetus and velocity to the blood gull-
ing from the whale’s heart.” According to Dr. Hunter, ten
or fifteen gallons of blood are thrown out of the heart of a
•whale at a stroke, with an immense velocity, through a tube
of a foot diameter. The whole idea fills the mind with
wonder. See Dr. Hunter’s account of the dissection of a
whale, in the Philosoplilcal Transactions.

“ It was necessary that the blood should be successively

brought in contact or proximity with tlie air ; therefore, as

soon as the blood is received by the heart from the veins of
the body, and before that it is sent out again into its arteries,

it is carried by the force of the contraction of the heart, and by
means of a supplementary artery, to the lungs

;
from which,

after it has undergone the proper change, it is brought back
by a large vein once more to the heart, in order, •\vhen thus
jn epareJ, to be from tlience distributed anew into the system.
See page 79.

“An anatomist, who understood the structure of the heart,

might say beforehand that it would play : but be would ex-

^

pect, I think, from the complexity of its methanism, and the

delicacy of many of its parts, tliat it should always be liable

to derangement; or that it would soon work itself out. Yet
shall this wonderful machine go, night and day, for eighty'

years together, at the rate of a hundred thousand strokes every
tweiity-fo'ar hours, having, at every stroke, a great resistance

to overcome
;
and shall continue this action for this length of

time witliout disorder, and without weariness.”

X.

Of the Renovation of the Atmosphere.

It has been imagined that the atmosphere is occasionally

renovated from other sources than those mentiimcd page 84.

Dr. Darwin, in his dissertation on the winds, concludes that

immense masses of air are set at liberty from their combina-

tions with solid bodies, within the polar circle, or in some
region to the north of us

;
and that they thus perpetually in-

crease the quantity of the atmosphere ;
and that this is again

at certain times re-absorbed, or enters into new combinations

at the line or tropical regions: by which means the atmosphere

is perpetually renewed, and rendered fit for the support of ani-

mal and vegetable life. Botanic Garden, page 8-I'.
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Tlie following idea is merely hypbthetieal, but it desenreS
perhaps some notice.—“ The moulnre contained or dissolved
in the ascending heated air at the line, must exist in great
tenuity, and by being exposed to the great light ofthe sun in

tliat climate, the water may be decomposed, and the new airs

spread on the atmosphere from tlie line to the poles,” Ibid;

page S6.

“ On liquid air He bade the columns rise,

That )jrop the starry concave of the skies

;

Diffus’d the blue expanse from pole to pule.

And spread circumfluent ether round the wliole.”

Blacklock^

^

The action of tlie sea also has probably considerable influence
in purifying the atmosphere. See page 84.

XI.

Examples of Affinity.

Take a little common magnesia, and pour by degrees diluted
nitrous acid upon it till the whole of the earth be dissolved.
T his is an instance of simple chemical affinity. But if a solu-
tion of potass be poured upon the former mixture, the potass
having a greater affinity for the acid will take it fi'om die mag-
nesia, and the magnesia will ag'ain be precipitated.

To a solution of soap add a little wtfak sulphuric acid. The
acid having a stronger affinity for the alkali of the soap than
the alkali has for the tallow, tlie acid will unite with the alkali,

and the separated tallow will be seen to float upon the surface
of the liquor.

Dissolve afew ounces of sulphate of iron in water, bjr adding
the^ salt by degrees till die liquor becomes turbid

; then if a
skain of cotton thread be dipped in the solution and shaken a
little in it, the threr d will t.ike up the whole of the oxide of
iron, and render the liquor transparent. Thisefl^ecti, pro-
duc'ed in consequence of the great affinity which cotton has
for the oxides of iron.

Ifmercury be put into 'A^^lass bottle, the surface will appear
convex, owing to the small affinity which mercury has with
glass; but if it be put into a wetaUlc vessel, the suiface of the
mercury will appear concave like that of other fluids, because
of its tendency to combine with the siiles of the vessel. This
may be adduced as a stiiking proof of metallic elective aH
tracti'.n.

“ The phtenomena of dyeing may also be referred entirely
to chemical principles. The colouring particles possess ch«-

‘2 K 2
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mica] properties that distinguish them from allothcr substances;
they have attractions peculiar to themselves, by means of
which they unite with acids, alkalies, metallic oxides, and
earths. The difference in the attractions of the colouriiig
particles for wool, silk, and cotton, is sometimes so great that
tliey will not unite with one of these substances, while they
combine very rea.dily with another ; thus cotton receives no
colour in a bath which dyes ivooL scarlet.” Berthollet, vx)l. i.

page 22. Several curious and instructive instances of the effects
of chemical affinity in the art of dyeing may be seen in that
work, vol . i. 29, and following pages.

Chemical affinity may be pleasingly illustrated by the com-
position and decomposition of writing-ink. Take a little

tincture of galls, and a little of the solution of green copperas,
both colourless liquors, and if poured togetlier the mixturp
becomes black

; from tlie affinity which gallic acid has for the
oxide of iron in the copperas. Then pour in a little weak aqua-
fortis, and the liquor will become immediately transparent

;

this arises frpm the metal leaving the first acid to unite with
the last, to which it has a greater affinity. But if a solution of
potass be now added, the nitrous acid will quit the iron, and
unite with the alkali

; thus the iron being once more disen-
gaged will again be caught by the gallic acid in the infusion,
and once more produce a black liquor. See page 1

1

3.

Many other instances of chemical affinity will be found in
tlie chapter ofexperimenfs-

XII.

Atmospheric Pressure.

The rise of water in a pump was formerly attributed to the
horror that nature had of a vacuum. This absurd notion
Wits refuted about the middle of the seventeentli century, by
the following occurence

;

The Duke of Florence, having occasion to raise water to the
height of 59 or GO feet, ordered a common pump to be made
for that purpose

;
but when it was completed die workmen

were astonished to find that It would not work.
The matter was referred to the celebrated G.alileo, but he

was unable to account for it in any way. All they were able

to determine was, that water would not rise in a common
paimp more than from .'52 to 35 feet. The fact remained In-

explicable till philosophers caught the idea of atmospheric
pressure

;
since when, the suspension of mercury in the baro-

meter, and water in a pump, have been well understood. Sec

page 5S.
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XIII.

Of the Formation of JVatet.

In 1798, Mr. Segnin made a grand experiment for the corn-

position of water. He expended no less than 25,582 cubic

inches (or nearly two hogsheads) of inflammable air, and

12,457 of vital a'ir. The first weighed 1039 grains, and the

second 6210, amounting to 7249 grains, and the water ob-

tained amounted to 721-5 grains, or about three-fonrtbs of a

wine pint. The loss was only four grains.^ Another ex-

periment was afterwards made by Le Fevre, in which nearly

two pounds and a quarter of water were produced bee

page 130,

XIV.

Of the Giants' Causeway.

The Giants’ Causeway, in the county of Antrim in Ireland,

is the most remarkable one of its kind in the world, ihe

name of it may naturally convey to us the idea of some stu-

pendous work of art ;
and as such it seems to have been con-

sidered in the days of ignorance, when the name was first ap-

plied
;
modern philosophy, however, looks on it with a dif-

ferent eye. To conceive a proper idea ot this unparelleled

curiosity ,
we may imagine an approach to it from the sea ;

its first appearance is that of a bold rocky shore, with extensive

ranges of shelving, calculated for an immense promenade.

These rocks, however', instead of being disposed in laminss, or

strata, form basaltes, or angular columns, so closely attached

to each other, that, though perfectly distinct from top to bot-

tom, scarcely any thiqg can be introduced between them.

Some account of this stupendous object of curiosity has already

been given at page 287, but as the whole is still more curious

in its minute parts than in the great, the following additional

particulars will perhaps not be thought uninteresting.

The columns themselves are not each of one solid stone in

an upright position, but composed of several short lengths ex-

actly joined, not by flat surfaces, as in works of art, but, what

is most extraordinary, they are articulated into each other,

as a bone often is Into its socket, the one end of the joint having

a cavity into which the convex end of the opposite is exactly

* Dr. Black, vol. ii. page 236.
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fitted
; -wihich is not visible but by disjointing the two ston es

The depth of the concavity is generally from three to four
inches; and what is still further remarkable, the convexity ami
the corresponding concavity arc nor, conforrhed to the external
pentagonal figure of the column', but exactly round, and as
large as the size of the column wall admit. It is still further
remarkable, that the articulations of these joints are frequently
inverted. In some tlie concavity is upwards, in others the
reverse. A part of one ol these columns was exhibited in the
l,.everian Museum, and is probably still in the possession of
Mr. Parkinson.

The formation of this curious natural production has been
accounted for by supposing that the wdiole body of the rock
was once in a state of fluidity, being no other than the lava
of a burning mountain

;
that the prodigious mass cracked in

its cooling into the forms we now see it ; that it may since

in some measure have been deranged by earthquakes
;
that

these have swallowed up the volcano itself
;
and that the waters

of the neighbouring ocean now rollover the place w'here it once
stood*. Those geologists, however, who have embraced the
system of Werner, attribute all these effects to the agency of
water. Can any thing be more gratifying to a well-informed
mind, than the examination of these arcana of nature ? “ The
sensualist may imagine that he enjoys the world

; but to enjoy

it truly is to be sensible of its greatness and its beauty.”

“ Presented to tlic cultur’d eye of taste,

jNq rock is barren, and no wild is waste.”

*

XV.

Of Cy'yslaUization.

Gahn had observed, that in breaking a py^famidal crystal

f)f carbonate of lime, it afforded rhomboidal fragments, of
w'hieh it appealed to be entirely formed. Bergman from this

conceived the idea, that in every crystal there exists a primi-

tive form, from whicli the actual forms, having often no
resemblance to it, may be generated by the superposition of

decreasing lamina; ;
and that, by the mechanical division of

crystals, this form may be detected, and the laws by which it

gives rise to rlie different crystals determined. Tliis is the

basis of the system of Hady. He demonstrated what Bergman
had scarcely more than imagined. He succeeded in showing
that in every crystallized substance, whatever may be the dit-

* \V'alk.er''s Ggcigrapliy.
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ference of figure which may arise from modifying circum-

stances, there is, in all its crystals, -a. primitive foi m, t e nu-

cleus as it were of the crystal, invariable in each substance,

living rise to the actually existing cutwai'd mrms.

It IS well known to those who work on genus, that crystals

can be mechanically divided only in certain divisionj, so

afford smooth surfices,; and that if separatpd in any other

way, the fracture, instead of being polished like the others,

is rugged and uneven. Ample extracts from the work of the

Abbe Haiiy will be found in the first vol. of the Pnilosg-

phical Magazine. See also Murray’s System of Cnemiiitr};,

vol. i. 4'b.

XVI.

Of Combastion.

• In addition to what has been said, chap. 12, of the effects of

combustion, it may be remarked that aniinal and vegetable

substances are converted into water and car.bonic acid during

this process, by the union of their hydrogen and caibon with

the oxygen of the atmosphere; and that, m time, the

water and the same carbonic acid are absorbed by vegetab.es,

and again decomposed in order to set tire oxygen at liberty

to produce fresh combustions, while the vegetating organs

appropriate the hydrogen and carbon to promote their growth

and nourishment. A regular circle of compositions and de-

compositions is thus perpetually going on, and all orgimized

beings are made to surrender in due time, tp the general mass,

those elementary substances which nature kindly lent them for

the preservation of their existence. .See page 131 . Is not this ad-

mirable simplicity of nature a conclusive proof of the infinite

wisdom of the Deity, and that the greatest possible sum of

beauty and of happiness was his ultimate object

.

“ The whole and every part proclaims

His iiiliiiite good-will

;

It shines in stars, and flows in streams.

And bursts from every hill.

We view it o’er tiie spreading plain.

And heav’iis which spread more wide;

It drops in gentle show’rs of rain,

And rolls in ev’ry tide." Buownk
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XVII.

Of the Effects of Intense Cold.

In Iceland and Gei-many the thermometer frequently falls

to zero, which is 32 degrees below the freezing point. At
Hudson’s Bay it has been known to sink even 50 degrees lower,
When stones or metals which have been exposed to suj:h de-
grees of cold are touched by the tongue, or the softer parts
of the human body, they absorb the heat from those parts
wnth such rapidity that the flesh becomes instantly frozen and
mortified, and the principle of life in them is extinguished.
Some French academicians who made a journey to the north-;

ern end of the Baltic, and wintered under the polar circle,

found it necessary to use all possible precautions to secure
themselves from the dreadful pold which prevailed. They

^prevented as much as possible the entrance of the external air

_
into their apartments

;
and if at any lime tliey had occasion to

open a window or a door, tlie humidity of their breath, con-
fined in the air of the house, was condensed and frozen into a
shower of snow

;
their lungs, when they ventured to breathe

the cold air, felt as if they were torn asunder ; and they often
heard the rending of the timber around them by the expansive
pow'er of the frost on the fluid in its pores. In this terrible cold
the thermometer fell to 33° below zero*. The most intense

cold ever known in the neighbourhood of London was on
I December 25, 1796, when the thermometer indicated 2° be-
low zero. Seepage 136.

XVIII.

Of the Recession of the Ocean.

At the summit of Mount Perdu, in the Pyrenees, which is

nine thousand fl,?et above the level of the sea, a prodigious

number o.' marine productions are found, •wliich seem to indi-

cate that there has been either a great recession of the ocean,

or a vast elevation of the mountiunous parts of the earth. The
former is perhaps the most probable supposition. What then

has become of this immense body of water i Some have sup-

posed that it has risen into the atmosj)]ieie, and remains sus-

pended there
;
some, that it has found a place in the heart of

the glf)be
;
and there are others who even imagine thatu't has

• Dr. Black’* Lectures, vol. i. Cy.
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passed ofF to other planets. But since it is known that water

IS a compound decomposable substance, other solutions or tins

difficult question might be given.

position of most substances ;
and it it unite to some wamout

losing its nature, it cannot combine with others unless it be

decomposed, and cease to be water. It is thus that it aban-

dons its oxvgen to metals, and its hydrogen to plants. These

two principles once separated, carprot unite aaain to form

water, but by a concitrrence of circumstances whicn does not

often take place. M. Toiret, who has written upon this sub-

ject, in the sixtieth volume of the Journ. de Phys. stems to

be of opinion, that when the earth was nearly covered wi th

water, a considerable portion of tlris fluid would necessaiily

be consumed by marine animals, which would of course be

more numerous as the mass of waters was greater. I his sup-

position is strengthened by our knowledge of one ci i cumstance,

that hydrogen is the base ofanimal fat, and that in no animal

is fat so abundant as in various species of fish, especially in the

cetaceous tribe, of whose substance it often constitutes the pim-

pipal part- Besides, there existed vast numbers of shell fish,

and of polypi, w'liich latter employ themselves in constructing

calcareous rocks, that are uniformly composed of tlie pulve-

rized remains of their shells and their tubes joined together ,

which, insensibly raising themselves from the sea, have reached

the surface of the water. The e rocks at first wei e mere bar-

ren islands, but soon afterwards became covered with an abun-

dant vegetation. This great work w'as thus eftected at the

expense of the waters, which diminished more rapidly as or-

ganized t)eings bccarne more numerous. He goes on to state^

that a vast consumption of water has been occasioned by- \ o\~

canos, and by the formation of stony bodies ;
some of which,

particularly the calcareous, frequently contain one-fourth of

fheir mass of water. The last cause of the consumption of

the water which he mcutior.s, is the vegetaticn of plants.

By this process waiter is plentifully and perpetually decom-

posed, qnd inoie and more so in proportion as the sniface of

the earth increased. Hales found that a plant whicn weighed

three-pounds, acquired an augmentation of two pounds niter

remaining for some time witli its roots in water. If to this

fact we add the idea of a vegetation existing for thousands of

ages, and of those immense forests which once covered the

countries now cultivated ;
and lastly, the extensive depths of

peat, and the thick beds of coal, that are -so many vegetable

remains, wliat an idea must we have of the enormous quantity

of water necessary for the formation of all these substances,

and for the suppo’’t of such an abvindant vegetation for such a

period of time ! See page 138.

3
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A late discovery made by Mr. Harrop, and which I have
noticed in page 140 of this work, adds another source to those
already enumerated by M. Poiret, to prove the diniinution of
water. Tliis discovery announces a power in nitrogen gas to
absorb oxygen from rvater, till the mi;nure of nitrogen and
oxygen arrives at that proportion which constitutes atmo-
spheric air.

“ Water restrain’d gives birth

To grass and plants, and thickens into earth ;

Diffus’d it rises in a higla’r sphere,
Dilates its drops, and softens into air:

Those finer parts of air again aspire,

Move into warmth, and brighten into fire;

That fire once more, by denser air o’crcoine.

And downward forc’d, in earth’s capacious womb.
Alters its particles, is fire no more.
But lies metallic dust, or pond’rous ore.” Piuon.

XIX.

Morveait^s Preservative Phials.

The portable phial contrived by Morveau for preventing

contagion may be prepared tli,us :

Forty-six grains of black oxide ©f manganese in coarse

powder, arc to be put into a small strong glass phial, with an
accurately ground stopper, to which must be added about two
drachm measures of nitric acid of 1.400 specific gravity, and
an equal measure of muriatic acid of 1.134; the stopper is

then to be replaced, and the whole secured by inclosing the

phial in a strong wooden ease, with a cap which screws down
so as to keep the stopper safe. It is to be used in hospitals, or

other places of infection, by simply opening the phial, witli

the nose averted, and replacing the stopper as soon as the

smell of the oxy-mnriatic gas is perceived. A phial of this

kind, properly prepared, may be used several years without

losing its effect. The mixture however ought not to occupy

more than one third of the bottle.

XX.

Of Lime and JVater Cement.

Dr. Watson has remarked, that “ in countries where tlrey

have no common materials for making lime, it would be worth

while fer the fanner to examine the earth which may be met
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with on the surface of the ground, or at a little distance below

it ;
for that calcareous snbstahces are not always united into

hard compact masses, but are sornetimes found in the form of

loose earth, and tliat of different colours.”

While writing on lime, some persons may be glad to be in-

formed how a cement may be made with common hm^“, that

will harden under water. What is called poor lime has thi-s

peculiar property ;
but as this species of limestone rarely oc-

curs, it is an expensive article. The following is a good sub-

stitute, and may be used for water-cisterns, aqueducts, &c.

—

Mix four parts of gray clay, six of tire black oxide of manga-

nese, and ninety of good limestone reduced to fine powder;

then calcine the whole to expel the carbonic acid. When this

mixture has been rvell calcined and cooled, it is to be worked

into the consistence of a soft paste wivh sixty parts of washed

sand. If a lump of this cement be thrown into water it will

harden immediately. Such mortar how-ever may be procured

at a still less expense, by mixing with common qnick-lime a

certain quantity of what .are called the u’hite iron ores, espe-

cially such as are poor in iron. These ores are chiefly com-

posed of manganese and carbonate of lime, or chalk. Lime
and sand only, whatever may be the proportion of die mi.\ure,

will certainly become soft under water.

XXL

Of Light.

ThiA work being intended to teach only the first principles

of natural and chemical philosophy, I purposely omit enter-

ing iii‘o a general inve.stigation of the nature of Ighl. It is

a subject but imperfectly understood, and what is known is in

general too abstruse for the comprehension of youth, till they

have made very considerable proficiency in ofaer branches of

natural philosophy. The velocity of light is however so ad-

mirably calculated’ to impress the young mind, that I could

not resist making the following extract from Dr. Thomson’s

System of Chemistry:—
“It has been demonstrated that light takes about eight

minutes in moving across one half of the eartli’s orbit
; con-

sequently it moves at the astonishing rate of 200,000 miles

in a second
;
diertTore, if each of its panicles weighed the

thousandth part of a grain, its force would he greater than that

of a bullet discharged from a musket. Were it even, the

millionth part of a grain in weight, it would destroy e'vcry

thing against which it sLi-uck. If it even weighed the millionth
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part of thatf it wraiild still have a very sensible force. But how
jnuch less must be a particle of light, which makes no sensible
impression upon so delicate an organ as the eye ? We are cer-
Uiii then that no particle of light can weigh ^ ^^^ih
oi a gram*. oee page 44^1.

1 1 may be remarked that light “ sets out from the body of
the sun with a velocity equalled only by the extent of its jour-
ney. It goes from planet to planet, lioin sun to sun, distri-

buting coloors, illuminating and enlivening all nature. It
- never travels by circuitous routes, like tlie other grt;at bodies
which traverse void space, but passes on in straight lines ;

and if it does not pass through or combine with the bodies it

meets, it is reflected back on other objects. It seems to be
destined for the benefit of the whole universe, and conse-

quently Ui'avels over all.”

Physical and Metaphysical Inquiries.
“ ‘ Lbt TiiEiiE HE EiGii r,’ the great Creator said,

His word the active child obey’d
;

'

Awliile t!ie Ahuiglity wond’riii^ view’d,

Aud then liimself’ pronounc’d It good,”
Yalden,

XXII.

Of the Nature- and Formation of Nitre.

The greatest part of the nitre we liave is brought from the

Tast-Indies. See page 270. Shoujd th's supply fail, it may,
after the example of the French, be formed artificially in Eu-
rope. During the second and third years of the French repub-

lic, the government required every district to send two in-

telligent young persons to Pai is. This convocation, consisting

of nearly eleven hundred individuals, received regular instruc*

tion from their first chemists partly concerning the n.anufac-

tuie of cannon, and partly concerning the making ofsyilt-petre

for gunpowder. 7'his body of pupils was afterwards d'strb

buted among the diiTerenl establishments in proportion to their

abilities, and salt-petre was soon furnished by tiiem in abuiw

dance. Ann. de Clnrn. x'x. 29fl.

It is suspected that the French in this unexpected produc-

tion of nitre availed themselves of a discovery of our coun-

tryman Dr. Milner, wlio formed nitrous acid by passing am-

monia over oxide of mangane'se placed in a tube, and submit-

ted to a red heat.

The theory of tlie formation of nitre was little known till

• Thomson’s Chemistry, vol. i. U75.
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lately. An admirable paper on this subject, by Chaptal, oc*'

cupying 47 pages, may be seen in the Annales de Chimie,

tom. XX. Annexed is an useful paper on the refining of salt-

petre. Also a paper by Guyton on the same .subject, tom. xxiii.

of the same worL
r rA great quantity of nitre is used by the makers of oil of

vilriof. It is ground small, and mixed With sulphur in order

to afford oxygen to the sulphur while burning. For the same

purpose It was used by the ancients in that destructive compo-

sition of antiquity, called the Greek-^ire, Sulphur, resin, al-

cohol, camphor, and other combustibles were melted with

it, and in this melted mass woollen cords were dipped, which

were afterwards rolled up for use. T.hese 453115 being set on

fire were thrown into the tents, &c, of the enemy ;
and as

llie combustibles were furnished with a constant supply of

o.x;j-^f«.from the nitre, nothing could extinguish them.

When Constantinople was attacked in the reign of Leo,

many of the ships of t|ie besiegers were_ destroved by this

chemical composition. For many centuries the method of

making this dreadful article of destruqtion was lost ;
but it has

just been re-discovered by the librarian of the elector of Ba-

varia, who has found a very old Latin manuscript which cop-

tains directions for preparing it.

XXIII.

Of Muriate of Lead,

Muriate of lead, which is readily made, will afford the pupil

a pleasing example of metallic crystallization. Take common
red litharge, pour over it one-third of its weight, of good

•strong muriatic acid, and stir it well with the litharge. When
it has stood to become dry, melt it in a crucible, and pour it

into a metallic vessel in a state of fu.sion. The cooled mass

will be of a beautiful brilliant yellow, and when broken wiU

exhibit the most regular crystallization that can be conceived.

See page 287.

XXIV,

Of the Uses of Alum.

The employment of alum in the arts is very extensive. It

is used in dyeing, to fix a variety of vegetable colours, which

otherwise would be fugitive. By means of this salt we are
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enabled to obtain the admired colour * of the ancients, called
the Tyrian purple, which on pin of death none but the Carsars
could wear. It is of .service in the manuflicturing of candles,
giving consistence and lirmness to the tallow. It is employed
in the cod-hsheries, when the fish are prepared for drying,
having the property of pteyenting the salt from deliquescing.
In the Hit of tHnniiii^ it ^ives a firmness to the skins after they
have bepme flaccid in the lime-rits. It is u.sed also in other
prparations of leather. Its efficacy in preventing the bad
effects of damp atmospheric air on preserved fish has been
inemioned : with the same design it has been used in pre-
paring paper for the preservation of gunpowder

; and when
used thus, it is of further service, by preserving tlic paper from

y But one ol the most striking advantages
of this important salt is in the preparation of acetate of alunune
or the calico- pi inters

; an article which, in the present im-
proved state of the arts, the manufacturer cannot dispense
with. It IS prepared with acetate-of lead, by a double de-
composition. An easy way to prepare it is related in Rees’s
7iiw Cyclop asdia.

XXV.

Of Carbon and its Combinations.

Carbon, W'hether w^e regard it in its most simple state, the
diamond, or in that of common cliarcoal, is not only inde-
structible by age, but in all its combinations, which are in-
finitely beyond our comprehension, still preserves its identity.
In the state of carbonic acid it exists in union wath earths and
stones in unbounded quantities

; and though buried for thou-
sands of years beneath immense rocks, or in the centre of
mountains, it is still carbonic acid

; for no sooner is it disen-
gaged from its dormitory than it rises wuth all the life and
vig()ur of recent formation, not in the least impaired by its tor-
pid inactivity during a lapse of ag;es. Is not the consideration
of this subject calculated to afford a strong .and satisfactory-
analogical argument in favour of human resuscitation i

XXVI.

Of Chemical Decomposition.

The changes wdtich matter perpetually undergoes by the de-

• See Introduction to Bcrthollet on Dyeing, page 1,9.
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composition of all organized beings, probably gave rise to the

ancient doctrine of transinigration. See pages 69 and 450.

“ The sacred seer with scientific truth,

In Grecian temples, taught the attentive youth

With ceaseless change how restless atoms pass

From life to life, a transmigrating mass

;

Whence drew the enlighten’d sage the moral plan.

That man should ever he the friend of man;
Should eye with tenderness all living forms.

Ills brother emmets, and his sister worms !”

Daiiwix.

XXVII.

Of the Manufacture of Shot.

The manufacture of small shot is curious, and will pro-

bably amuse the young reader. In melting the lead a small

quantity of arsenic is added, which disposes it to run into

spherical drops. “When melted, it is poured into a cylinder

whose circumference is pierced with holes. The lead stream-
ing through the holes, soon divides into drops which Tail into

water, where they congeal. They are not all spherical; there-

fore, those that are must be separated, which is done by an
ingenious contrivance. The whole is sifted on the upper
end of a long smooth inclined plane, and the grains rqll down
to the lower end. But the pear-like shape of the bad grains

makes them roll down irregularly, and they waddle a^ it were
to a side ; while the round ones run straight down, and are

afterwards sorted into sizes by sieves. The manufacturers of
the patent shot have fixed their furnace, for melting the metal,

at the top of a tower 100 feet high, and procure a much
greater number of spherical grain.s, by letting the.melted lead

fall into water from this height, as the shot is gradually cooled

before it reaches the water*.” See pages 309 and 416.

XXVIII.

Of the Manufacture of White Lead.

Most of the manufactures of white lead are conducted some-
what similar to die method related at page 438 ; but at Tip-
ton, near Dudley, there is a very large establishment for the

preparation of white lead on a dilfercat principle. Muriate

* Dr. Black, vol. ii. page 604.

V
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of soda is there decomposed by means of litharge

; and as tlr#

soda becomes disengaged, the muriatic acid combines with
the litharge, and forms muriate of lead. I have reason to

believe that carbonate of soda is employed for the decompo-
sition of the latter muriate, and that from thence results the

carbonate of lead, which is the product of the manufactory.

The manufactories of earthen ware in the StafFor.dshire pot-

teries are chiefly supplied with this lead. Great quantities of

t are also exported to America.

3CXIX.

Of JValer-gildingt

Sorhe persons may be glad to be informed how the procrfss

6^ water-gilding is conducted. It is done by previously clean-

ing copper intended to be gilt, with sand and weak aqua-fortis;

after which the piece is plunged in a diluted solution of iner

-xury ;
the mercury leaves its solution and precipitates itself

upon the copper : this causes the amalgam of gold, which is

afterwards spread on the piece, to adhere. When the amal-

gam of gold is uniformly spread, the piece is heated on chari

coal, which volatilizes the mercury, and leaves the gold on the

copper. See pages 32-f, 360,, 37^. The method practised by

the Birmingham manufacturers may be seen in a paper of Mr

.

Collard’s, printed in the ninth volume of the Philosophical

Magazine. The processes for other kinds of gilding may be.

seen in Gien’s Chemistry.

XXX,

Of Tin and Tinned Plates.

Tin is of use for covering copper and iron culinary utensils.

See page 391 and 39 >. U is also employed in the lormatioo

of tin-fflate. These are tliin plates of rolled iron, which are

covered with tin by the following process :—The iron plates,

having been dioroughly cleaned by rubbing them with sand,

arc steeped in water for 2'f hours, acidulated by bran or sul-

phuric-acid. They are then made dry, and gently heated

in an oven, being first rubbed over witli grease, to picvcnt

oxidizement. In this state they are immersed in melted tin,

which not only adlieres to the surface, but in a great measure
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penetrates the whole plate *. For a more particular account
of these processes consult La Grange, vol. ii. 80. There are
two kinds of tin known in commerce

; viz. l>/ock tin and grain
tin. Block tin is procured from the common tin ore, and is
usually cast in blocks of about 320 pounds weight

; after which
It is taken to the proper offices to be assayed, where it receives

impression of a lion rampant, the arms of the earl of
Cornwall, and which are necessary to make it saleable. Grain
tin is found in small particles, in what is called the siream tin

It appears to have been washed from its original bed in
remote ages. This kind of tin owes its superiority not only
to the purity of the ore, but to the care with which it is
washed and refined. Tin when taken to be stamped pays a
duty of four shillings per hundred weight to the duke. From
hence a vast income accrues to the prince of Wales. For a
particular account of the management of the Cornish tin-
mines, consult the sixth volume of Maurice’s Indian Anti-
quities, and Mi\ Taylor’s communications in the Philosophical
Magazine.

XXXI.

Tests.

We are toU that fraudulent wine merchants have sweetened
their wines and cyders by the addition of lead. Lr. Watson
relates that it was at one time a common practice at Paris. He
directs how it may be detected. See his Chemical Essays,
vol. iii. page 369. Methods of detecting this and other adul-
terations of wine may be seen in Dr. Willich’s Lectures on
Diet and Regimen, pages 3.57 to 362. The following is easy
of application, and will be found effectual Equal pans of
oyster- shells and sulphur may be heated together, kept in a
white heat for 1.5 minutes, and, when cold, mi.ved with an
equal quantity of cream of tartar

; the.se are put into a strong
bottle with common water to boil for an hour

; and then de-
canted into ounce phials, adding "20 drops of muriatic acid to
each. This liquor preeijritates the least quantities of lead, cop-
per, &c. from wines in a very sensible black precipitate. As
iron might accidentally be contained in the wine, the muriatic
acid is added to prevent its precipitation, and its being mistaken
for the precipitate of lead. See pages S(j6—399.

• Dr. Thomson, vo). i. I 77 i

2 L
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XXXII.

Native Copper.

A mass of native copper has been found in a valley in the

Brazils 2666 pounds weight. The description of it in the Me-

moirs of the Royal Academy of Sciences of Lisbon, is said to>

be very interesting, as the largest specimen of native copper

that had ever been found before this weighs only ten pounds.

Appendix to Monthly Review, vol. xxviu N. S. 551.

XXXIII.

Of Iron.

There are several ways of analysing iron ores. An easy

method has been suggested by Dr. Higgins ;
viz. by noting

the quantity ofhydrogen gas that is given out, by treating them

with the usual mixture of sulphuric acid and water. This

method will give, with very little trouble, a good comparative

analysis. One part sulphuric acid to eight parts water is tire

proper proportion for use.

If an iron ore be suspected to contain sulphur, take two

measures of the hydrogen gas produced by the iron ore in

question^ and add to them one measure of oxygen gas , then

inflame these gases by electricity, and examine the water which

is produced from their combustion. Jf litmus paper be red-

dened thereby, it is a proof that it is acidified, and that the ore

contained sulphur—otherwise not.

Some valuable information on the manufacture of iron and

steel, and on the methods of preparing coak, may be collected

from a scarce duodecimo volume, by a Mr. Horne, entitled

“ An Essay on Iron and Steel.” A quarto volume on the

same subject, with engravings of furnaces, &c. has lately been

imported by De Boffe from Paris, which is well spoken of.

Iron is found in solution in many natural springs ;
it gives

the character to all our chalybeate w'aters ;
besides which here

are some springs which contain iron in combination with sul-

phuric acid. These are called vitriolated wnters. There are

several in the kingdom, but those at Shadwell near Londoiv

and at Swnnsey in Glamorganshire, I believe, are the most

important.
, , • • n>

This metal is deposited magnetic, and nearly m its metallic

state, by die Bath waters, which liold it in solution by some pe-
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collar power that has hitherto escaped all investigation. See
Dr. Gibbes on tlie Bath waters.

“ Hail, adamantine steel 1 magnetic lord !

King of the prow, the plowshare, and the sword !

True to the pole, by thee the pilot guides
His steady helm, amid the struggling tides,

Braves wit.h Iiroad sail the iiiimeasuraLle sea.

Cleaves the dark air, and asks no star but Thee.”
Darwin.

XXXIV.

Of the Iron Manvfactories.

Some idea of the extent and importance of the iron trade
(see page 380), may be conceived from the following account
of the iron works in South Wales ;— Merthyr Tydvil was a
very inconsiderable village rill the year 1755, when the late
Mr. Bacon obtained a lease of the iron and coal mines of a
district a' least eight miles long, and four wade, for 99 years.
Since then these mines have been leased by him to four distinct
companies, and produce to the heirs of Mr. Bacon a clear an-«

nual
^

income of ten thousand pounds. The number of
smelting furnaces belonging to the different companies at
Merthyr is about sixteen. Around each of these furnaces are
erected forges and rolling-mills, for converting pig into plate
and bar iron. These works have conferred so much impor-
tance on the neighbourhood, that the obscure village of Mer-
thyr Tydvil has become the laugest town in Wales, and con-
tains more than twelve thousand inhabitants.” Abridged
from Malkin’s Scenery, &c. of South Wales.

XXXV.

Of the Diamond.

“ It will no doubt be demanded how it happens that pure
carbon or diamond is so scarce, v/hile its compounds in dif-

ferent states are so abundantly dispersed ? To dispel the
astonishment of those v/ho might consider this a ground of
distrust, I shall remind them that the aluminous earth is like-

wise one of the commonest substances, though the adamantine
spar, no less rare than the diamond, is nevertheless alumine

;

that iron exists every where, under every form, excepting in
the state of purity, and that the existence of native iron is still

doubtful. The wonder respecting the diamond consist> only
2 L 2
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in the opposition between facts and our opinions ; it disappears

in proportion as we discover and appropriate the powers of na-

ture to produce the same effects*.” See page 34-9.

XXXVI.

Of the Absorption of Caloric.

Dr.Black heated a quantitly ofwater in a strong phial, closely

corked, till its temperature rose ten degrees above its

usual boiling- point. On drawing the cork quickly, a small

portion of water rushed out in vapour, and the temperature

of the remaining fluid sunk instantly to 212°. Ten degrees

of caloric, therefore, had been absorbed by the quantity of

vapour that escaped. Mr. Watt, by heating water under the

pressure of a strong iron vessel, raised its temperature to

400°
;
yet still when the pressure was removed, only part of

the water was converted into vapour, and the temperature #of

this vapour, as well as that of the remaining fluid, was no

more than 212°. There w'ere therefore 188 degrees of caloric

absorbed in an instant, by the formation of the vapour which

had no effect on the tliermomcter.. Murray’s Elements.
•

XXXVII.

Of the IridesiriLctihUily of Matter.

That the Author of nature had so constituted the w^orld tJiat

none of its elements should be subject to destruction, might

have been supposed by the ancients ;
but, till the present ad-

vanced state of the science of chemistry, no proo^of this in-

teresting fact could h;ive been adduced. This is one of the

many instances of the tehdehey wdiich this valuable science has

to enlarge the mind. In addition to the facts w'hich have been

already noticed it may be remarked, that provision has been

made even for the restoration of the fallen leaves of vegetables,

which rot upon the ground, and, to a careless observer,

would appear to be lost for ever. Berthollet has sho-wu-i by

e.xperiment, 'th;it whenever the soil becomes charged with such

matter, the o.xygen of the atmosphere combines with it, and

converts it into carbonic acid gas. The consequence of this is,

that this same carbon in process of time is absorbed by a new'

race of vegetables, which it clothes with a new foliage, and-

Thomson's Notes on Fourcroy, vol. iil* page 201.
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"which is itself destined to undergo similar putrefaction and
renovation to the end of time.

“ I.ink after link the vital chain extends,

And the long line of Being never eiul'..”

How insignificant do the most stupendous works of art ap-

pear, when compared with the beautiful simplicity of these

masterpieces of Nature ! See page 350.

XXXVIII.

Of the Caloric of Combustion.

Dr. Crawford determined by numerous experiments, that the
evolution of caloric which attends combustion, is owing to

change ofcapadty. He found that the capacity of oxygen gas
for caloric, is much greater than the capacities of combustible

bodies
;
he likewise ascertained that the capacity of the com-

pound resulting from the combustion is always much less than
that of the oxygen gas ; it is therefore evident, that caloric

must be rendered sensible during combustion, and that it is

from the oxygen gas and not from the combustible that it

must be evolved.

XXXIX.

Of Fit- coal.

Dr. Darwin was of opinion that our pit-coal has all been
sublimed more or less from the clay with which it was at first

formed, in the decomposition of morasses*. But from the

various changes which combustible substances tmdergo, it

must be impossible to speak with certainty on this subject.

Naphtha, which is found in great abundance in Persia, is as

fluid and transparent as water ; but when exposed to the air it

becomes yellow, and then browm ; its consistence is increased,

and it passes intopetrohum. Petroleum is found native in many
countries, and by an exposure to the air becomes mineral tar.

Mineral tar is also found native, which by exposure to the air

passes into mineral pitch and maltha. By further induration

this passes into asphultum, which substance is likewise found
native in many parts of the world. Common coal is a com-
position of some of tliese bitumens and charcoal. The

* Note, page i>0, part i. of bis Botanic Garden.
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French jet and the English cannel coal are both so hard that

they are susceptible of polish, and are frequently wrought
into trinkets. See Notes pages 326, 327.

XL.

Of the Glow-worm.

“ The glow-worm is the wingless female of a beetle insect.

The male is of a dusky hue, without much beauty or pecu-
liarity of markings. The female is more like the larva or

grub of a beetle, than a perfect full grown insect. The light,

which is of a beautiful sulphur colour, proceeds from the three

last rings of the body. See page 464. From the circum-
stance ol the male being a winged animal, and the female
not, it was necessary that some contrivance should be had
recourse to for directing the rambler to his sedentary mate.
What more beautiful, and at the same time sufficient guide

could possibly be contrived, than this self-lighted hymeneal
torch

Thine is ail unobtrusive blaze,

Content in loivly shades to shine;

How much I wish, while thus I gaze.

To make thy modest merit mine .

Mrs. Opie,^

XLI.

Cf Siliceous Fossils.

Although this is not professedly a mineralogical work, the

following brief account of some of the moi-e common fos-

sils will perhaps not be unaceptable. We begin with those

whose chief ingredient is silex.

Quartz is composed chiefly of silex, and forms many
of our primitive mountains. It occurs of various colours

and of a variety of shapes. According to Bergman it is

composed of 93 parts of silex, 6 of alumine, and 1 of oxide

of iron. Its specific gravity is 2,6. When perfectly trans-

parent, it is called Rock crystal. This is composed of 93
silex, 6 of alumine, and 1 of lime. When quartz occurs

of a purple colour it is c.alled amethyst.

Chalcedony is of a gray or brown colour with various

shades of yellow, blue, or green, in stalactical or spherical

masses. It consists of 34 parts of silex, and 16 of stlumine,



ADDITIOIfAL NOTES. 519

TTitli a small portion of iron. When of a flesh-red colour,

semi-transparent and amorphous, it forms Cornelian; when

Stained with dark coloured spots or arborizations, Mocho
stmes. The Opal, the Pitch stone, and the Hyalite are fos-

sils of the same family- Jasper is a siliceous fossil which

bits great variety in its appearances. It is generally composed

of about 60 parts silex, 30 of alumine, and 10 parts of potass,

magnesia, and oxide of iron. Its colours are various, and it

is susceptible of a high polish. Its specific gravity is from 2.3

to 2.7. Where it is composed of alternate broad stripes or

layers of different colours, it is termed Ribband jasper ;
the

variety which is found in spheroidal masses, and exhibits vari-

ous colours, or shades of the same colour in concentric and

alternating stripes or layers, is termed .Egyptian pebble.

Pudding stone is a collection ol rounded pebbles ce-

mented together by siliceous matter intermixed with iron.

It takes a fine polish, and possesses a considerable degree of

hardness.

Garnet is of a deep red colour, sometimes varying to

brown, black, or violet. Its specific gravity is from 4 to 4.3.

The common red kind consists of silex 48, alumine 30, lime

11, iron 10. Leucite, or white garnet, is generally in small

opaque crystals, and contains 20 per cent, of potass.

Lapis Lazuli is a stone of a rich blue colour, having

little lustre, but susceptible of a fine poll sir- Its specific gravity

is 2.7 ;
its colour is occasioned by a blue sulphuret of iron. It

occurs massive, and is so hard as to scratch glass. According^

to Klaproth it is composed of 46 silex, 14 5 of argil, 23 ot

carbonate of lime, 6.5 of sulphate of lime, 3 of oxide of iron,

and 2 of water. That beautiful fine pi^ent known by the

name of ultramarine is made from this fossil.

XLII.

Of Aluminous Fossils,

The aluminous fossils differ from the aluminous earths in

having the hardness of stones and in not falling into powder

when immersed in water. T. he principal are the following.

Corundum, or adamantine spar, is distinguished from

every other stone by its gi*eat hardne.ss, which is such that it is

used for polishing even the diamond. Its specific gravity is

fmm 3.9 to 4.1. It consists of 84 to 89 of alumine, 5 or 6

of silex, and from 1 to 7 of oxide of iron.

Lillialite, or I.epidolite, is of a violet blue or purple

colour, and, when in thin laminae, of a silvery while
;

it has

a pearly lustre with a slight transparency. Its specific gravity



520 additional notes.

IS 2.8. It is composed of about 55 parts of silex, 38 of
aliimine, 4' of potass, and 1 of iron and man?anese, with 2 or
3 of water.

Cyanite is of a blueish gray colour, with streaks of deep
blue. Its specific gravity is 3.5. It consists of 66 alumine,
13 magnesia, 12silex, 1 lim.e, and 5 of iron.
Hornblende. Common hornblende is amorphous, of a

giay or black colour, and possesses considerable hardness. Its
specific gravity is from 3.6 to 3.8. By heat it may be fused
into glass. According to Kirwan, it consists of silex 37»
alumine 22, carbonate of magnesia 16, carbonate of lime 2,
and oxide of iron 23.

T.RAP. Under this name are comprehended several vari-
eties of stones, whicli agree in their general characters. It
IS found in large masses, of a gray, blue, or purplish black
colour, destitute of lustre or transparency, and presenting
geneially a texture composed of granular concretions. Whin-
stone is a variety of this fossil.

Basaltes is a similar fossil; but it has a greater specific
gravity than trap, and is always in large masses of a regu-.
lai form, generally columnar. According to Klaproth it is

composed of 44.5 silex, 17 alumine, 20 oxide of iron, 9.5 of
lime, 2.6 soda, and 6 manganese and water. See page 287*
and Additional Notes, No. 14.

Si.ATE, the last of the aluminous stonca, is of a blue or
grayish colour, with little lustre and scarcely anytransparency;
it is composed of alumine, silex, lime, magnesia, and oxide of
iron, united in various proportions, in tlie different speci-
mens.

XLITI.

Of Magnesian Fossils,

The magnesian fossils arc distinguishable by a peculiar softr
ness and unctuositv, and by being destitute of die hardness and
infusiliility of the siliceous genus.
Chlorite is a fossil of a green colour and scaly texture,

without lustre. It occurs both amorphous and crystallized,

and consists of magnesia 39, silex 42, alumine 6, lime 1.5,
iron 10, and water 1.5.

Talc has a plated texture, the lamella: being easily separa-
ted from each other. These lamella: are flexible, but not elas,

tic ;
their colour is a greenish white, with sometimes a tinge

of red. The fossil consists of 50 silex, 44 magnesia, and 6 of
alumine. Its specific gravity is 2.7 to 2.8.

Steatite, or soap rock, exist sin various states of indurar
lion. Its specific gravity is 2.6. It always feels soft and
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greasy ; is of a white, yellowish, or greenish gray colour
j

often spotted or veined
;
with little lustre or transparency.

It is composed of silex, magnesia, alumine, oxide of iron,

and water, in various proportions.

Ser PENTiNE is of a ckirk green colour, sometimes red or
blueish gray, with spots or veins of other colours, tlirough its

substance
;
without lustre, but susceptible of a fine polish. Its

specific gravity is 2.6, It is always found amorphous. It

is composed of silex 45, magnesia S3, iron 14, carbonate of
lime 6, alumine and water 2.

Asbestos is distinguished by its fibrous, or striated texture.

Its colour is green, greenish gray, or yellowish gray. It does
not effervesce with acids. Its specific gravity is 2.5. Its

component parts vary, consisting of silex, magnesia, iron and
alumine

;
dre silex being generally in the largest proportion.

See page 146.

Amianthus is a similar fossil, differing from asbestus
in its filaments being more separated and flexible. According
to Mr. Chenevix it is composed of silex 59, magnesia 25,
lime 9, alumine 3, iron 2.

Mou NTAiN CORK is of a white, yellowish, gray, or brown
colour; without lustre or transparency

;
and so light as to

swim upon water
;

its specific gravity being from 0.68 to

0.99. It consists of silex 56, carbonate of magnesia 26,
alumine 2, carbonate of lime 13, and oxide of iron 3.

Jade is of a dark green colour, verging often to blue.

From its supposed medical virtues it was formerly called

Nephritic stone. Its specific gr.ivity is 2.9. It con-
sists of silex 47, carbonate of magnesia 38, alumine 4, lime 2,

and iron 9. The inhabitants oi’ New Zealand make their

hatchets and other edge tools with this stone.

Boracite occurs in small cubic crystals, of agrayish white
colour. It is a compound of magnesia and lime, with
boracic acid; its proportions being *^13 of magnesia, 11 of
lime, and 68 of acid, with 1 of silex, 1 of alumine, and 1

of iron. Its specific gravity is 2..560. This fossil has been
found near Luneberg, seated in a bed of sulphate of lime.

XLIV.

Of Calcareous Fossils.

Gypsum, or Plaster of Paris, exists native in considerable

quantity, and forms immense strata in various parts of the
world. Its specific gravity is 2.3. It consists of 32 parts

of lime, 46 of sulphuric acid, and 22 of water. Some of the

varieties contain carbonate of lime, alumine, iron, and silex.
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Fluor s?ar is found both amorphotis and crystallized,

and is susceptible of a Bne polish. Its specific gravity is

about 3.1. Its colours are very various, and in general
beautiful. According to Scheele it is composed of 57 of
lime, 16 of fluoric acid, and 27 of water.

Apatite, which is a phosphate of lime, occurs crystal-

lized and amorphous. Its specific gravity is 3.2. Its co-

lour is gray, green, red, or purple. It consists of 55 of lime,
and 4<,5 of phosphoric acid.

Calcareous spar is crystallized, amorphous, and sta-

laetical. Its specific gravity is 2.7. The crystals are di-

stinguished by 'their laminated texture, and by their frag-

ments being rhomhoidal and possessing the property of
tfoubh nfraction. They have often the transparency of the

siKceous crystals, but want their hardness, being easily

scratched with a knife. They consist of 55 lime, S-f car-

bonic acid, and 11 of water. Amorphous calcareous spar has

less transparency and lustre, and its fracture presents distinct

cranular concretions.

The Sialac:ttcs are distinguished by their fibrous or striated

texture, and their peculiar shapes ; being formed at the

tops of caverns, by deposition, from water filtering through

the roof, loaded with carbonate of lime. According to

Bergman they are composed of 64 parts lime, 34 of car-

bonic acid, ar.d 2 of water. Their specific gravity is 2.7-

The S a'agmiks are similar depositions, formed by the wa-
ter dripping on the floor of the cavern.

Marlle is distinguished from the preceding varieties by
being amorphous, existing in large strata, and by greater

dfensity and hardness ; the latter qualities enable it to take a

fine polisli. Marbles appear under a variety of forms distin-

guished by colours, impressions, and fineness of grain.

Their specific gravity is generally about 2.7, but their compo-
nent parts differ.

White marble is nearly pure carbonate of lime
;
the coloured

kinds contain silex, alumine, oxide of iron, and sometimes

magnesia and barytes. Abridged from Murray.

“ dissolving shells distill

From the loose summits of each shatter’d hill.

To cacli fine pore, and dark interstice flow,

And fill with Hquid clmlk. the mass bdow :

W lienee sparry forms in dusky caverns gleam

With borrowed light, and twice refract the beam;

W'hile in white beds congealing rocks beneath

Court the nice cliisel, and desire to breathe;

Ch-, I'used by earth-born fires, in cubic blocks

Slioot their wliite forms, and Iiarden into rocks.”

IXVUMTN-
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XLV.

Vez^table Poison.
.

*

In the royal cabinet of Louis the Sixteenth, at Paris, there

were arrows whose points were steeped in the juice of so ve-

nomous a plant, that, though exposed to the air for many
years, they will by the slightest puncture in a few minutes

destroy the stoutest animal that exists. The blood of the vic-

tim, trilling as may be the wound, instantly congeals
; but,

if a small quantity of sugar be inamediately swallowed by
Iiim the circulation is as quickly restated*. See page 7.

“ Nature, compell’d by a superior cause.

Now breaks her own eternal laws,

Now neems to break them, and obeys

Her sovereign king in dilierenc ways.”
Watts’s Lyrics.

XLVI.

Predatory Insects.

Having already considered (pages 68, 69, and S-1') seve-

ral of those means by which the atmosphere is regularly re-

novated, it may not be amiss to remark, that the Deity

has also provided an innumerable multitude of predatory

insects to assist in the accomplishment of the same purpose.

These remove the noxious matter that otherwise might rest

upon the surface of the earth ; and they convert to their own
support, even such excrementitious substances, as by the ex-

halation of their putrid miasmata, would in time totally

destroy the whole animal creation.—Is it possible for an un-

prejudiced mind to avoid being charmed with tJiis beautiful

CKConomy of nature ;
or for those sapient philosophers to

escape our pity, who endeavour to persuade themselves, that

to chance only, tliey are indebted for all these congruitles i

“ To me, the laurel’d wreatli that murder rears,

Blood-nursed, and water’d by the widow’s tears,

Seems not so foul, so tainted, and so dread.

As waves the night-shade round the seep tic-head.”

Campbell.

* St. Pierre’s Studies of Nature, vol. i. 18.
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XLVIL

Of some of the Effects of Respiration.

Tlie oxygen of the atmosphere deprives the blood of its-

excess of carbon and hydrogen : with the first it forms car-

bonic acid, and with the latter, water ; and tliese are thrown
from the lungs in the act of respiration. As carbonic add
has the property of sweetening putrid substances, by uniting

chemically witli putrid vapour, may it not operate in this

way with regard to the putidd exhalations from the lungs, and
render the breath of some persons inoffensive, which would
otherwise be intolerably fetid, and pestilential*? See page 77-

XLvni.

Of Snow. ‘

Nature has funiisircd snow with the power of absorbing and
combining with a large portion of oxygen ; hence it improves
land by lying upon it. The snow melting and penetrating

into the softened earth communicates to it oxygen, and thus

promotes the germination of seeds. The carbon of the earth

combining with tlie oxygen is converted into carbonic acid,

and thereby acquires more solubility ;
while the water con-

tributes to excite that activity which bad been rendered dor-

mant in the roots by the cold. It is this property of carbon

that dejjrives w’ater of the superabundant oxygen, that would
render it prejudicial to health, and unfit for the purposes of

life. Thus what would otlierwise be injurious to us is improv-

ed by the ground, and gives at the same time power and
activity to the mould f . See note page 115.

XLIX.

Manufacture of Sugar.

The sugar cane affords most of the sugar which is consum-

ed in Europe. The ripe canes are crushed between two

iron cylinders placed perpendicularly. The expressed juice

falls on a plate beneath, whence it flows into a caldron, where

* Dr. Lambe on Constitutional Diseases,

I:
Driessen on the Nature of Snow.
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it is boiled with wood-ashes and lime, and the scum taken

ofF. , This boiling with ashes and lime is repeated in three

other boilers, and this process converts it into syrup. It is

then strongly boiled with lime and alum, and
^

when suffi-

ciently concentrated is poured into hogsheads pierced at the

bottom with many holes, to let off the molasses, which will

not crystallize. These holes'are afterwards stopped with canes

as we see them w'hen imported, fhe sugar, as it cools,

becomes solid in the casks, and is called m.iisco’oado sugai%

It afterwards undergoes sevenil refinings in order to form it

into loaf sugar. See Tliomson’s Fourcroy, 1800, vol. iii-

116.

It should be remembered tliat oxygen is absolutely neces-

sary for the formation of sugar, which is a vegetable oxide.

If it were deprived of the greater part of tliis oxygen, it

xvould lose its sweetness, and would be no longer sugar,

but a singular kind cf substance, possessing properties more

analogous to gum than sugar. Mr. Cruickshank has effected

this change by means of phosphuret of lime, which has a

very strong attraction for oxygen, though he was not able

to reproduce sugar by the union of gum with oxygen. See

pages 171 and 347. See also an account of these expeii-

meius in Dr. Rollo’s Treatise on Diabetes.

L.

Cocik Ovens.

As the success of several manufactures depends on the

procuring good coak, (see note page 514). I leel pleasure

in having it in my power to furnish a description of the kind

of oven made use of in the north of Fngland for coaking

tlie refuse small-coal, which before the adoption of this me-

thod was entirely useless.

At the Duke of Norfolk’s co'liery near Sheffield several

of these ovens are built on the side of a hill, occupying spaces

formed within the bank. Each oven is a circular building,

10 feet in diameter within, and the floor laid with common

brick set edgeways. The wall of the oven rises 19 inches

perpendicular above the floor, and th^ whole is then covered

with a brick arch which rises 3 feet 5 incites ntore, formii..!',

nearly a cone, whose base is 10 feet, and rthose .ipc.x is J

feet, if measured within. Ihis opening of feet at the too,

is left for the convenience of supplying tlie ovcn^wlth coal,

and to serve as a chimney during the process. The rt hole

height of the building front the floor is five feet, and the wall.
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which is 18 inches in thickness, is built with good brick, aticJ

closely laid, that no air may get in through any part of the
work.

The floor is elevated three feet above the ground, for the
convenience of placing a carriage under the door-way to

receive the coak as it is raked from the oven. When the

oven is thus finished, a strong perpendicular w;ill of common
unhewn stone is thrown round it, of about 20 inches in

thickness, and carried up tlie tvhole height of the oven, form-
ing a complete square. The four corners l^etween the circular

building and these outward walls, are then filled with soil or

rubbish and well rammed, to give greater firmness to the
work, and the more effectually to exclude atmospheric air.

When these ovens are once heated, the work goes on night
and day without interruption, and w'iihout any further expense
of fuel. It is conducted thus :—Small refuse coal is thrown
in at the circular opening on the top, sufficient to fill the oven
up to the springing of the arch ; it is then leveled with an iron

rake, and the door way built up with loose bricks. The heat
which the oven acquires in the former operation is always
sufficient of itself to light up the new charge

; the combus-
tion of which is accelerated by the atmospheric air that rushes

in through the joints of the loose bricks in the door way. In
two or three hours the combustion gets to such a height, that

they find it necessary to check the influx of atmospheric air

;

the door-way is therefore now plastered up with a mixture

of wet soil and sand, except the top row of bricks, which is

left unplastered all night. Next morning (when the charge

has been in 24 hours) this is completely closed also
;

but the

chimney remains open till the flame is gone, which is generally

quite off in 12 hours more
;
a few loose stones are then laid

on the top of the chimney, and closely covered up with a

thick bed of sand or earth All connection with the atmo-

sphere is now cut off, and in this situation the whole remains

for 12 hours, to complete the operation. The door way is

then opened, and the coaks are raked out into wheelbaiTows,

to be carted away. The whole takes up 48 hours ; and as

soon as tlie coaks are removed, the ovens are again filled with

coal for another burning. About 2 tons of coals are put in

for each charge. These coaks are ponderous, extremely hard,

of alight gray colour, and shine with metallic lustre. They
are used in those manufactures that require an intense heat.

When coak is required to be more of the nature of charcoal,

the process Is conducted in a different manner. The small

coal is thrown into a large receptacle similar to a bakers oven,

previously brought to a red heat. Here the door is constantly

open, and the heat of the oven is sufficient to dissipate all

the bitumen of the coals, die disengagement of which is pro-
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moted by frequently stirring with n long iron rake. Tlie coak

from these ovens, though made with the same kind of coal, is

very different from that produced by the former operation ;

this being intensely black, very porous, and as light as pu-

mice stone. I am indebted to Mr. Cutt, steward to his Grace

the Duke of Norfolk, for these particulars, who very polite-

ly attended me tltroiigh the works in the year 1802, and as-

sisted me in taking the necessary measurements, &c.

LI.

Of the Uses of DiamoncL

Tlie lapidaries employ a considerable qu;mtlty of diamond in

powder, which they use witli steel instruments, to divide

pebbles and precious stones. The small pieces of diamond

of which tlie powder is made, are worth 28 shillings a

carat. The use of the diamond in this way is very exten-

sive. Had nature withheld die diamond,—the pebble, tlie

agate, and a variety of other stones, would have been of

little value, as no other substance is hard enough to operate

upon them. In this way rock crystal from Brazil is divided

into leaves, and ground and polished with diamond dn;a;

for spectacles, and otlier optical instruments. See page 1.

LII.

Of the Effect of Oxygen upon Colours.

Several of the effects of oxygen have been mentioned To

different parts of this work ;
but its action on colouring sub-

stances has not been noticed, though it is various and strik-

ing. When woollen cloths- are taken out of an indigo vat,

they are of a green colour ;
but diey are scarcely e.vposed

to die atmospheric air for one minute, before they imbibe

a sufficient portion of oxygen to change th-at colour tp a deep

blue. In like manner the whdk (the buccmum of Linnscits),

which is used to dye purple, undergoes a change equally e-x-

traordinary. The liquor, though naturally yellow, becomes

oxidized by exposure to the sun and air, passes through

various shades of yellow, green, crimson, &c., and at length

becomes purple. A good block cannot bo given to clotli^

without frequent exposure to the air. Light has a great

affinity for oxvgcn : hence clothes frequently fade -and lose

their colours by tlic abstraction of oxygen. That part of
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the furniture of a bed which has bfeen exposed to the sun Will

often be entirely faded, while those parts which have not
been so exposed will retain their original colours. All this

arises from the same cause ; for the oxygen which existed in

a solid form is rendered aeriform by the rays of the sun, and
goes off in the state of oxygen gas. See page 46J.

LITI.

Of the Gases emitted in Respiration,

Having shown that sheet of the work which contains

page 83 to a friend of mine, an ingenious chemist, he sug-

gested that those remarks on the levity of nitrogen gas
evolved from the lungs in respiration, would have more
force, were I to contrast this character with the superior spe-

cific gravity of carbonic acid gas, which is ejected at the

same instant. For during that remarkable interval that al-

ways occurs in breathing, there is sufficient time allowed

for these noxious fluids to separate
;
the first to ascend, while

the other preponderates, leaving a space for a fresh current

of uncontaminated atmospheric air. Thus every thing is

prepared without any care or forethought of ours for a new
inspiration.

“ The air inhal’d is not the gas

That from a thousand lungs reeks back to thine

Sated with exhalations rank and fell,

Which, drunk, would poison the balsamic blood.

And rouse the heart to ev’ry fever’s rage

—

But air that trembling lloats from hill to hill.

From vale to mountain, with incessant change

Of purest clement.”

ARMSTUOXO.

LIV.

Of Lutes.

Glazier’s putty is a very good lute for all common pur-

poses, but it is necessary that the whiting be made thoroughly

tlry before it be mixed with the oil. Linseed oil and sifted

slacked lime, well mixed, and made thoroughly plastic,

form an excellent coating for retorts : If made thicker, this

mixture is an impenetrable luting, that is not liable to

crack.

Dr. Black recommends a mixture of four parts sand, and

one of clay, except where it is to be exposed to an intense

6
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heat, and in such situations to use six parts of sand to one
of clay.

For ^rg-lute, Mr. Watt directs the use of porcelain clay
from Cornwall ( not pipe-clay), to be pounded small, and mixed
up to the consistence of thick paint, with a solution of two
ounces of borax in a pint of hot water. For want of this

peculiar kind of clay, slacked quick-lime, mixed up in the
same manner, may be used. This may be kept ready mixed
in a covered vessel. For cold-\\iK.e he directs to take equal
parts by measure of the above clay and wheat flour, and to

mix them to a proper consistence with cold water. This is

more tenacious than his fire-lute, but does not keep so well.

A very excellent lute for many purposes may be made by
beating up an egg, both the white and the yolk, with half
its weight of quick-lime in powder. This lute is to be put
upon a piece of linen, and applied as usual. It dries slowly,

but becomes very compact, and acquires great hardness,

A mixture of martial pyrites and muriate of ammonia
forms a good lute for stopping the cracks in iron utensils

;

but the following artificial compound Is preferred, on ac-

cotint of the exact proportions of the ingredients being m.ore
easily ascertained. To tAvo pounds of Iron turnings or filings,

add one ounce of sal ammoniac, and one ounce of flour sul-

phur ;
blend the mixture with water till the whole is of a

proper consistence, and use it fresh. This lute is employed
by Mr. Watt to stop the joints of steam engines, and other
large machinery.

LV.

Of the extreme Hardness of Ice in some Countries,

The following narration will show the solidity that water
is capable of acquiring Avhen divested of a large portion of
its caloric :—.During the severe winter of IT'IO, a palace of
ice, fifty-two feet long, sixteen wide, and twenty high, was
built at Petersburg!!, according to the most elegant rules of
art. I’he river Neva afforded the ice, which was from two
to three feet thick, blocks of wliich were cut, and embel-
lished with various ornaments. When built up, the different

parts were coloured by sprinkling them over with water of
various tints. Six cannons made of, and mounted with, ice,

with wheels of the same matter, were placed before the pa-
lace

;
and a hempen bullet was driven by one of these can-

non, in the presence ol’ the whole court, through a board
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two inches thick, at the distance of sixty paces *. See

page 137.

“No forest fell,

Imperial mistress of the fur-clad Russ,

Wlien thou wouldst build—no quarry sent its stores

T’ enrich thy walls : but thou didst hew the floods,

And make thy marble of the glassy wave.

Silently as a dream the fabric rose

;

Ice upon ice the well adjusted parts
^

Were soon conjoined ;
nor other cement ask d

Than water interfus’d to make them one.

Lamps graceluily disposed, and ot all hues,

Illumin’d ev’ry side. Long wavy wreaths

Of flowers, that fear’d no enemy but warmth,

Blush’d on the pannels, which were once a stream,

/ And soon to slide into a stream again.” CowPER.

LVi.

A neiv Kind of Gunpoivder.

Notwithstanding the accident which happened in France

in the year 1788 (see note page 2G9), the French have

since, as I have been informed, actually employed, in one o

tlieir campaigns, .gunpowder made with

riate of potass, instead of saltpetre.

ble has been proved in this countryvhy the Rev. Alexander

Jorsyth, an excellent chemist of Belhelvie, m Abeideen-

'shire, Scotland. This gentleman, who has lately taken out

a patent for a new kind of gun-lock, to be used without a

flint, and has contrived to inflame such gunpowder merely

by percussion, informed me that, ten years ago, he disco-

vered' a meth'od of making this gunpowder j and that he has

himself been in the habit ot using- it ever since, m killing

c-ame. The gun-lock is calculated for firing cannon as well

fs musquetry ;
it is contrived to hold 40 primings of such

pow^der ;
and the' act of raising tlie cock primes

Though each charge of priming contains only an eighth o

a wrain of oxygenized muriate' of potass^ .that alone makes

a very loud report ;
and the principle of the lock is such,

that it can never possibly miss fire. This

attributable to the large portion of oxygen, which

densed in tliis very singular salt.

* M. dc Bomarc.
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LVII.

Of ihe Efficacy of Waier in Eegetaiion.

That vegetables will grow in woollen cloth, moss, and in

other insoluble media, besides soils, provided they be sup-

plied with water, has been repeatedly shown since the days
of Van Helmont and Boyle : but the experiments of a mo-
dern author, from tlieir apparent correctness, seem more
highly interesting and conclusive.

Seeds of various plants were sown in pure river-sand, in

litharge, in flowers of sulphur, and even among metal, or
common leaden shot ; and in every instance nothing em-
ployed for their nourishment but disrulcd water. The plants

throve, and passed through all the usual gradations of
growth to perfect maturity. The author then proceeded to

gatl'.er the entire produce, the roots, stems, leaves, pods,

seeds, &c. These were accurately weighed, dried, and again

weighed, then submitted to distillation, incineration, lixi-

vlation, and the other ordinary means used in a careful

analysis. Titus he obtained from these vegetables all the

materials peculiar to each individual species, precisely as if

it had been cultivated in a natural soil,—viz. the various

eartlis, tlie alkalies, acids, metals, carbon, sulphur, phos-

jthorus, nitrogen, &c. He concludes this very important

paper, nearly in these extraordinary words: Oxygen -tind.

h\d:ogcn, with the assistance of solar light, appear to be the

only elementary substances employed in the constitution of

the whole universe : and that Nature, in her simjde progress,

works the most infinitely diversified effects by the slightest

modifications in the means she employs. See “ Recherches

stir 7a Force nsslnFatrice dans les Vigi aiix'F par M. Kcnri Bra-

connot, Annal s de Chmi:, Fev. et Mars ISO?.

LVIII.

Of the Agencies of Galvanism.

..The experiments of professor Davy, published in the first

))iirt of the Philosophical Transactions for 1807, have thrown

considerable light on the agencies of electricity and galva-

nism.

First. In opposition to the assertions of Pacchiani and
others, he has demonstrated that muriatic acid is not produced

hi water bv the agency of galvanism, but that water “ che-

2 M 2
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mically pure, is decomposed Into gaseous matter alone, into

oxygen and hydrogen.”

Secondly. By the agency of galvanism he decomposed sul-

phate of lime, sulphate of strontian, fluate of lime, and other

solid bodies, insoluble, or difficultly soluble in water. In

each case, the earth was found in one vessel and the pure acid

in' the other. Even glass was decomposed, and part of its

alkali exhibited entire. Sulphuric, muriatic, nitric and phos-

phoric salts were decomposed with more rapidity : the acids

in a certain time collected in the tube containing the positive

wire, and the alkalies and eartlis in that containing the nega-

tive.

Thirdly. He connected a small cup, made witli sulphate of

lime, with a cup of agate, by a piece of asbestus ;
and fill-

ing both with purified water, made a platina wire in the cup

of sulphate ^of lime transmit the electricity from a power of

100 plates
;
a wire in the agate cup received It. In about

four hours a strong solution of lime was found in tlie agate

cup, and sulphuric acid in the cup of sulphate of lime. By
reversing the order, and carrying on the process for a similar

time, the sulphuric acid appeared in the agate cup, and the

solution of lime on the opposite side.

Fourthly. Acid and alkaline substances passed through wa-

ter containing vegetable colours, without affecting them ;
and

the usual chemical affinities were so far destroyed or suspended

by the agency of galvanism, that sulphuric acid was passed

through a solution of ammonia without combining with it.

In like manner the alkalies and eartlis were transmitted

through acids, without combination.

From these and similar results, it appears that “ hydrogen,

the alkaline substances, the metals, and certain metallic ox-

ides, are attracted by negatively electrified metallic surfaces,

and repeUed by positively electrified metallic surfaces ;
and

contrariwise, that oxygen and acid substances are attracted

by positively electrified metallic surfaces, and repelled by

ne<»atively electrified metallic surfaces ;
and these attractive

and repulsive forces are sufficiently energetic to destroy or

suspend the usual operation of elective affinity.’’ Mr. Davy

concludes this most Important paper by suggesting, that this-

new method of decomposition may, probably, be introduced

with advantage into manufactures ;
and imagines that he shall

be able to refer several natural plijenomena to this source, which

have been hitherto inexplicable. I am happy to find that he

intends to continue these very interesting experiments.
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LIX.

Of the Origin of Caloric.

The author of a modern work entitled “ Physical and
Metaphysical Inquiries” imagines that caloric is 7wt trans-

mitted from the sun
;
but is a subtle fluid, originally belong-

ing to our earth. The arguments, by which he supports this

opinion, appear to me to have great weight
; but I must

refer the reader to the work itself, and content myself with
merely copying the conclusion he draws from these premises

:

“This view of the nature of caloric,” he says, “ is more
correspondent with the general character of matter, than
those generally entertained. It still represents the sun as the
great agent in the production of heat, without supposing it

to be an enormous mass of fire. We have only to consider
the sun as tlie great storehouse of light

;
a power indeed the

most active in nature, but no ways destructive. It shows
that light produces heat merely by exciting an insensible action
betwixt caloric and the particles of matter contained in
bodies. It accounts for the want of heat in the upper regions
of the atmosphere by the want of sufficient matter to produce
the action of caloric. It destroys the absurd opinion con-
cerning transmitted and conducted heat, so contrary to the
invariable cliaracters of all the material powers. It shows
that caloric Is not an exception to all the other kinds of mat-
ter, but that, like its fellows, It exists in other characters be-
sides that of heat. It enables us to solve the great difficulty

concerning the distribution of heat among the different pla-
netary bodies : for, according to this view, those nearest the
sun may have no morte than those at the^most remote distance.
We have only to suppose the quantity of caloric to be pro-
portioned to the distance ; and if a small quantity exists In the
planet Mercury, no more heat may be excited than is done
by a larger quantity In Saturn.”

Mr. Bell, in his Sptem of Anatomy, denies that animal
heat is preserved entirely by the inspiration of atmospheric
air, and advances a new theory, which he supports by several
striking facts. See BelBs Anat. vol. ii.—article Blood.

LX.

Of the Barometer.

As the mercury In a barometer rises or falls In consequence
of the variation in the weight of tlie atmosphere, this instru-
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ment has been made use of to measure the height of mobn-
tams, and by aeronauts, to ascertain the height they ascend
in the air. The barometer varies abou: an inch for every
600 feet of ascent above the earth’s surface. See page 63, and
Additional Notes, No. 12.

LXI.

Of the Colour of the Blood.

The colour which the blood acquires by the absorption of
oxygen may be accounted for on chemical principles. Blood
contains much iron, and this iron is converted into red oxide

by the oxygen gas v/hich it receives from tlie lungs. If the

coagulum of the blood be washed, it may be rendered colour-

less ; but then it will be found by chemical tests to contain

ho iron. It has lately been supposed that the icolour of the

blood is occasioned by a phosphate of iron, that has the pro-

perty of giving out part of its oxygen to the system, wiihout
its being entirely decomposed. This has given rise to the

practice of prescribing phosphate of iron in cases where the

blood is deficient in red particles. See page 77j and Additional
Notes, h{o. 8 and 9.

“ When air’s pure essence joins the vital flood.

And with phosphoric acid dyes the blood,

.
Contractile tubes the transient heat dispart,

And lead the soft combustion round the heart.”

LXII.
• I

Of Copper.

Tin mines as they deepen, often produce copper ; and for-

merly, when they had occasion to raise this ore in order to

. obtain the tin, it was thrown aside as of no value, under the

name of pocler. The present race of miners is profiting by

the ignorance of their forefathers. This shows of what

importance it is to determine, by chemical analysis, the nature

of every substance which passes under die miner’s observation.

See Note, page 376.

LXIII.

Theory of Rain, ^'C.

I a.m favoured with die following theory to account for the

pin that accompanies lightning, from Mr. Wm. liinch jui>,
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of Birmingham, a very young chemist of promising hope,

and grandson of Dr. Priestley ;
“ We know,” he says, “ that

caloric enables the air to hold a large portion of water in

solution:—now may not the electric fluid also act in the same

way? If so, we see how it Is that rain accompanies lightning :

for, when the clouds part with tfieir electricity, they cannot

hold an equal quantity of water, and consequently the^ super-

abundant moisture falls dowm in raiij.” To the same Ingenr-,,

ous youth I am likewise indebted for the note, page 82, ex-

plaining why we feel cold when naked. I-rom the same

source I also learn, that the new French theory of the forma-

tion of sulphuric acid, announced in Nicholson’s Journal for

June last, has been tried by a company of oil of vitriol ma-
kers In Birmingham, on a large scale, and that It entirely

failed. Not one drop of acid was formed, although a cur-

rent of nitrous gas was continually tlirown into the chamber,

where sulphur was burning, for two days and nights.
'

I

LXIV.

Of Tivilight.

The reader is requested to correct with a pen page 54- line

iO of the Notes, and for refected write refracied‘, also,

page 64, line 2 of the notes, for this refection, read refraction.

Tlie rays of a luminous body when they fall upon a transpa-

rent body, do not afterwards go directly in the same straight

lines, but are refracted or bent, and proceed as though they

had been propagated from another point. And if the medium
on which they fall be denser than that from which they pro-

ceeded, they are bent towards a line perpendicular to die

suiface whereon diey fall at the point of incidence ; but if it

be a rarer medium, in . their bending they recede trom the

perpendicular*. Thus the gases that compose our atmo-

sphere,

“ With airy lens the scattered rays assault.

And bend the twilight ronnd the dusky vault.”

• Sec Ferguson's Optics, page 201.
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CHEMICAL TABLES.

Table of the Quantities of Acids and Bases which mutually

neutralize each otlier: calculated by Berthollet from tha

new Tables published by Richter.

Bases. Acids.

Alumine 525 Fluoric - 427

Magnesia 615 Carbonic 577

Ammonia 672 Sebacic 706

Lime 793 Muriatic 712

Soda 859 Oxalic 755

Strontian 1329 Phosphoric - 979

Potass 1605 Formic 9S3

Barytes 2222 Sulphuric 1000

Succinic 1209

Nitric 1405

Acetic 1480

Citric 1683

Tartareous 1694

JVo/e. The intention of this table is, that if an article in one

of these two columns is taken—for example, potash—to which

the number l605 corresponds, the numbers of the other co-

lumn will show how much of each acid is required to neu-

tralize these l605 parts of potash : viz, they will require

427 parts of fluoric acid, or 577 of carbonic acid, or 1480 of

acetic acid. See. In like manner, if an article of the second

column be taken, the first column will show how much earth

or alkali will neutralize it. By means of the rule of three

this table may be applied to any quantity of either of the above

substances, ,

6
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Table of the Affinities of sundiy Bases for four of the Acids,

according to their Intensity.

I, Sulphuric Acid. III. Muriatic Acid.

Intensity- Intensity.

Ammonia - 383 Ammonia 171
Magnesia • 171 Magnesia m
Lime - 143 Lime 84
Soda 127 Soda 73
Potass 82 Potass 56
Strontian - 72 Strontiap 41
Barytes 50 Barytes 31

II. Nitric Acid. IV. Carlonic Acid.

Intensity. Intensity.

Ammonia * 245 Ammonia unknown
Magnesia - 209 Magnesia 200
Lime - 179 Lime 81
Soda - 136 Soda - - 66
Potass - 85 Potass 105
Strontian 65 Strontian 43
Barytes 56 Barytes 2«

A Table of the real Specific Gravity of Solutions as indicated

by Baume’s

Bingley, Esq.

Areometer for Salts.—Drawn up by llobert

Spec. Gray. Degrees of Spec. Gray. Degrees of

Areometer. ' Areometer.

1,435 45 1,300 34
1,416' 43 1,283 32
1,400 42 1,275 31

1,383 41 1,267 30

1,367 40 1,250 29
1,358 39 1 ,233 28

1,350 38 1,216 26

1,342 37 1,167 20

1,333 36 1,1^0 18

1,312 r- 35
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Table of the Boiling Point of sundry Liquids, &c.

Ether ,Q8° Phosphorus 554*

Aqua ammonia 140 Oil of turpentine 560
Alcohol 176 Sulphur 570
Water 212 Sulphuric acid 546

Muriate of lime 230 Linseed oil 600

Nitric acid 248 Mercury 660

Table of tlie Quantity of real Acid taken up by Alkalies and

Earths.—By Mr. Kirwan.

100 Parts. Sulphuric Nitric. Muriatic. Carbonic.

Potass - -

Soda - -

Ammonia -

Barytes

Strontian -

Lime - i-

Magnesia -

Aiumine

82,48

127,68

383,80
50
72,41
143

172,64
150,90

84,96
135,71

247,82
56
85,56

179,50
210

56,30

73,41

171

31,80
46
84,49
111,35

105

66,80
Variable

282
43,20 .

81,81

200
335

Table of the Quantity of Alkalies and Earths taken up by

100 Parts of real Sulphuric, Nitric, Muriatic, and Carbonic

Acids, when saturated.—By Mf • Kirwan.

100 Parts. Potass. Soda. Ammo. Barytes. Stron. l.ime. Magnes

Sulphuric

Nitric -

Muriatic

Carbonic

121,48

117,70

177,60
95,10

78,32
73,03
136,20

>49,60

26,05

40,35

58,48

200
178,12

314,46
354,50

138

116,86

216,21

231

70
55,76
118,30

122

57,92
47,64
898
50

"9
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A Table of Cai'ats,VUb tlieir corresponding Degrees of Specific

Gravities, for ascertaining the Specific Gravities of i^lkaline

Leys, or otlier Fluids, heavier than Water.

Carats. Sp. Grav. Carats. Sp. Grav.

1 = 1.0078 33 == 1.2578

2 1.0150 34 1.2050

3
'

1.0234 35 1.2734

4 1 0312 30 1.2812

5 1 .0390 37 1.2800

6 1 .0408 33 1 .2008

7 1 .0540 39- 1.3040

8 1 .0025 40 1.312.5

9 1 .0703 41 1.3203

10 I.O78I 42 1,3281

11 1.0850 43 1.3359

12 1.0937 . 44 * 1.3437

13 1.1015 4.5 1.3515

14 1.1093 40 1.3593

15 1.1171
,

1,3071

IS 1.1250 48 1 3750

17 1.1328 49 1.3828

18 1.1400 50 1 39OO

19 1.1484 51 - 1.3084

20 1.1502 52 1.4002

21 1.1040 53 1.4140

22 1.1718 .
54 1.4218

23 1.1790 55 1.4200

24 I.IS75 50 1.4375

25 1.1953 57 1.4453

26 1 .203

1

58 1.4531

27 1.2109 59 1.4009

28 1.2187 00 1.4087

29 1 .2205 01 1.4765

30 1,2343 02 1.4843

31 1.2421 03 1.4021

32 1.2500 04 1.5000
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(Table continued.)

Caratt. 5p. Gray. 1 Carats. Sp. Grar,

65 = 1.5078 97 = 1.7578

66 1.5156 98 1,7656

67 1.5234 99 1,7734

68 1.5312 100 1.7821

69 1.5390 101 1.7890

70 1.5468 102 1.7968

71 1.5546 103 1 .S046

72 1.5625 104 1.8124

73 1.5703 105 1.8202

74 1,5781 106 1.8280

75 1.5359 107 1.8358

76 1.5937 108 1.8436

77 1.6015 109 1.8514

78 1 .6093 no 1.8593

79 1.6171 111 1.8671

80 1.6250 112 1 .8750

81 1.6328 113 1.8828

83 1.6406 114 1 .8906

83 1.6484 115 1 .8984

84- 1 .6562 116 i.go62

85 1 .6640 117 1.9140

86 I .6718 118 1.921s

87 1 .6796 119 1.9296

88 1.6875 120 1 .9375

89 1.6953 121 1 .9453

90 1.7031 122 1 .953 1

91 1.7109 123 1.9609

92 I.7I87 124 I.968T

93 1.7265 125 1.9765

94 1.7343 126 1 .9843

95 1.7421 127 1.9921

96 1.7500 128 2.0000

for an account of the principle on which this table is con-

structed, see Additional Notes, No. 1.
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TABLE OF BAUME’S HYDROMEtEBl

Baume’s -Hydrometer for Vinous Spirits, or other Liquids lighter

than Water. Temperature 65° Fahrenheit.

Degrees. Sp. Grav. Degrees. Sp. Grav. Degrees. Sp. Grar

10 = 1.000 21 = — .922 31 s= — .801

11 — .990 22 — .915 32 — .850

12 — .985 23 — •909 33 — .852

13 — •977 24 — .903 34 -^.847

14 — .970 25 — .897 35 — .842

15 — 963 20 — .892 30 — .837

10* — .955 27 — .880 37 — .832

17 — •949 28 — .880 38 — .827

18 — -94'2 '-^9 — .874 39 — .922

19 — .935 30 — .867 40 — .817

20 — ,928

Baume’s Hydrometer for Liquids heavier than Venter. Tempe-

rature 55° Fahrenheit.

Degrees. Sp. Grav. Degrees. Sp. Grav. Degrees. Sp Grav.

0 1.000 27 1.230 51 1.547

3 1.020 30 1.201 54 1.594

6 1.040 33 1 .295 57 1.059

9 1 .004 30 1.333 UO 1.717

12 1.089 39 1 .373 63 1 -779

15 1.1 14 42 1.414 00 1.848

18 1.140 45 1 .-155 69 1 .920

21

24

1 170
1.200

4S 1.500 72 2.000
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Table of ihe Degrees cf different Thermometers (omitting

Cold produced by Mr. WaUccr -

Nitric acid freezes . . _

'Mercury freezes - - - -

Brandy freezes - - -

Cold produced by mixing- equal parts')

of snow and muriate of soda j
Strong wines freeze ...
‘U''ater freezes ....
"Vinous fermentation begins .

DittJ rapid, and acetous begins

Acetous fermentation ceases

Ether boils ....
Spermaceti melts ...
Tallow melts ....
Amn.oriia separates from water

Bees’ wux melts ....
Camphor sublimes ...
Bleached wax melts ...
Sulphur evaporates - * .

Alcohol boils - - - . -

"Water boils - - - -

Sulphur melts - - : .

Nitrous acid boils - -
,

-

Sulphur burns slowly - - -

Tin melts _ . . . -

Sulphuric acid boils ...
Lead melts

Mercury boils - “ -

Zinc melts ....
Iron a bright retl in the dark

Hydrogen gas burns . . -

Iron red in the twilight

red hot in a common fire

red heat ip. day-light

Enamel colours burnt

Diamond burns ...
Brass melts . . - -

Copper melts ....
Silver melts - - - -

Gold melts - - - -

Delft ware fired . - . -

Cream-coloured stone ware fired

Flint glass furnace greatest heat

Smith’s forge - - - -

Cobalt melts—Cast iron melts

Nickel melts _ . - -

Iron melts , . - -

M.-in^tmese melts - - - -

Plaliua melts - . . -

Greatest heat observed - - -

cal Ph

Fahr.

aenorat

Rcau.

ina occ

Cent.

ur.

W edg. •

— 90 — 54 — 68
— GG — 44 — 5.5— — 32 — 39
— 7 — 17 — 14

0 — 14 — 18

20 — 5. — 6.

32 0 0

59 12 15

77 20 25

88 25 31

98 29 36

112 36 45

127 42 53

130 44 54

142 49 61

145 50 . 63

155 55 - 69

170 61 77

176 64 80

212- ' 80 lOO

234 89 111

242 93 lie

.303 12C 150

44^ 182 227

590 24t 310

612 258 325

C6C 27f; 350
700 297 371

750 31.4 384

SOC .341 427
884 330 475

1050 448 56C

1077 462 577 I

1807 737 986 6
S89T 1451 1814 14

3807 1678 2100 21

4587 2024 2530 2T
4717 2082 2602 28

5237 2313 2780. 32

6507 2830 35«0 40

12257 5370 6770 86

15897 7025 8770 114

17327 7650 9600 125

17977 7975 98.W 13Q

20577 913! 11414 150

21C37 9602 12001 158

21877 9708 I2I36 160

23177 10281: 12857 170

25127 lllOC 1S90C lai
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Tnble of Freezing Mixtures.—From Mr. Walker’s Papers in'

the Philosophical Transactions.

A Mixture of

Sulphate of soda - - -

Muriatic acid - - - -

Snow ------
Muriate of soda - - -

Snow ------
Muriate of soda - - -

Snow ------
Muriate of soda - - -

Muriate of ammonia and
nitrate of potass^ of each /

Reduces the Temperature

from 50® to 0°

from 32° to 0°

from 0® to — 5®

from — 5° to — IS®

Snow ------
Diluted sulphuric acid - -

Snow - • - - - - -

Muriate of lime - - -

Snow ------
Diluted sulphuric acid - -

J
from 20® to — 60°

g ^
from— 40® to — / 3®

from — 6S° to — 91®

The salts ought to be fresh crystallized, and reduced to very-

fine powder, and die mixtures made in thin vessels as quickly

as possible.

Numerical E,xpre6sion of Chemical Affinities.—By M. Morveau,

Sulphuric
Acid.

Nitrous
Acid.

Muriatic
Acid.

Acetous
Acid.

Carbonic
Acid.

t

Barytes 65 62 36 29 14

Potash 62 58 32 26 9

Soda 5S 50 28 25 8

J.ime 54 44 20 19 12

Ammouia 46 '38 14 20 4

Magnesia .50, 40 16 17 6

Argil 40 S6 10
'

15 2

iVo/f. The above table, showing the comparative force of attractions

between the aforesaid bodies, may be useful to point out the probability

of any particular decomposition, previous to tlio attempt being made.



Table of the component Parts of Salts.—By Mr. Kirvran.

Salts.

Pearl ash

Carbonate of potass

soda

soda
barytes

strontian

I

lime

magnesia
common do.

Sulphate of potass

soda
soda
ammonia
barytes

strontian

lime

lime
lime

lime

magnesia
magnesia

Alum - - -

Alunr ---
Nitrate of potass

soda - j

soda -

ammonia
barytes

strontian

lime -

magnesia
Muriate of potass— soda

ammonia -

ammonia -

barytes
— barytes— strontian -

strontian -

lime -

magnesia

Basis. Acid. Water.

60 30 6

41 43 16

21.53 14.42 64

59.86 40.05 - -

78 22 - -

69 5 30 - -

55 45 - -

25 .50 25

45 34 21

54.08 45.02 - -

18.48 23.52 58

44 56 - -

14.24
,

54.66 31.1

66.66 33.33 - -

58 42 - -

82 46 22

t55.23 50.39 14.38

38.81 5.5.84 5.35

41 59 - -

17 29.35 53.65

36,68 63.32 - -

31.24 1

& wat. J
17.66 51

63.75 36.25 - -

51.8 44 4.2

40.58 .5.3.21 6.21

42.34 57.55 - -

23 57 20

57 !1

36.21 31.07 .32.72

32 57.44 10.56

‘213 16 22

64 36 -

53 47 & wat - -

- _ -

25 42.75 32.25

64 20 16

76.2 23.8 -

40 18 •12

69 31 -

.50 42 8

31.07 34.59 34.34

State.

Dry
Crystallized

Fully crystallized

Desiccated

Natural

Natural

Natural and pure
Crystallized

Dried at 80®

Dry
Fully crystallized

Desiccated at 700®

Natural

Natural
Dried at 66®

Dried at 1 70®

Ignited

Incandescent

Fully crystallized

Desiccated

Crystallized

Desiccated at 700®

Dried at 70®

Dried at 400®

Ignited

Crystallized

Crystallized

Well drit;d in air

Crystallized

Dried at 80"

Dried at 80®

Crystallized

Sublimed
Crystallized

Desiccated

Crystallized

Desiccated

Red hot

Sensibly dry.
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EXPERIMENTS.

1> OTHING tends to imprint chemical facts upon the mind so
nauch as the exhibition of interesting Experiments. With this

view the following Selection has been made, in which .such ex-
periments as may be performed with ease and safety, have
uniformly been preferred. The original design of the author
was to have explained the cause of each result to the student,

and indeed most of the experiments were written with tha,t in-

terition
j and the rationale of each was, actually drawn up to

accompany them. But having since thought that this method
might perhaps tend to check that spirit of inquiry which ought
to be encouraged in youth, he has determined merely to give
the mode of conducting each experiment, and leaves it to the
pupil.himself to discover the cause of eveiy effect; earnestly

advising him not to perform a second experiment till he has
fully satisfied himself respecting the operation of the former

:

this he may do by referring to the proper places in the

Catechism, or the Notes which are annexed.

No. 1 . Take a small phial about half full of cold water

;

grasp it gently in the left hand, and from another phial pour
a little sulphuric acid very gradually into tlie water. A strong

SENSATION OF HEAT will immediately be perceived.

This, by the continued addition of the acid, may be increased

to many degrees beyond that of boiling water. See pages 92
and 106.

2. Take a small phial, in one hand, containing some pul-
verized muriate of ammonia

;
pour a little water upon it, and

shake the mixture. In this instance a SENSATION OF
COLD will immediately be felt. See page 9O.

3 . Into a tea-cup, placed upon a hearth, and containing
about a table-spoon full of oil of turpentine, pour about half
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the quantity of strong nitrous acid, previously mixed with a
few drops of sulphuric acid, 'The momenr the acids come in
contact with the turpentine, FLAME will be produced. In
performing this experiment it is advisable to mix the acids in a
phial, to tie the phial to the end of a stick, and, at arm’s
length, to pour its contents into the oil

;
as the sudden com-

bustion sometimes occasions a part of the liquids to be thrown
out of the vessel. See note, page Q4.

4. Put about an ounce of marble grossly pulverized into an
eight-ounce phial, with about an equal quantity of water. Pour
upon it a little sulphuric acid, and CARBONIC ACID GAS
will be evolved*. See page 344,

5. Put about an ounce of iron filings into a jthial, with
about three or four, ounces of water; pour a little sulphuric
acid upon the contents, and HYDROGEN GAS will be
evolved. See notes, page 130.

6. Fill a glass jar with water, invert it upon the shelf of a

pneumatic trough
;
and having heated a common iron poker

red hot, plunge it into the water under the jar. In this case

also part of the water will be decomposed, and HYDROGEN
GAS will ascend through the water into the upper part of the

jar. See page 126.

7. Put some sulphuret of iron into a phial, pour a little

diluted sulphuric acid over it, and attach a bladder, prepared

as directed for experiment No. 4., to the phial. SULPHU-
RETTED HY'DROGEN, a gas extremely fetid and disagree-

able, will immediately be evolved; though the ingredients here

employed wwe destitute of smell. See page 307.

8. Put an ounce or two of the black oxide of manganese into -

a small glasc retort, pour a little concentrated sulphuric acid

,upon it, and apply the heat of a lamp. OXYGEN GAS will

be disengaged in abundance. See Additional Notes, No, 7.

9. Into a sinall glass retort put a mixture of two parts of

quick-lime, and one of muriate of anunonia, both in powder.

Apply the heat of a lamp, and AMMONIACAL GAS will

come over. See page I99.

=i"- The clieapest receiver for the collection of this and other g^ases is x

moistened bladder, with a piece of tobacco-pipe firmlj’ tied into its neck,

and twisted in such a manner as to expel all the comniou air. 'this may
easily be adapted to any vessel by means of the pipe, which may be

fixed in the cork, and closely luted in the usual way.
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10. Pour a little sulphuric acid upon a small quantity of

quicksilver in a glass retort^ apply heat, and SULPHUROUS
ACID GAS may be collected. See page 216 .

11 . Take a few shreds or filings of copper, and pour over

them a little diluted nitrous acid, in the proportion of about

three parts of water to one of acid. The gas evolved in tliis

case is NITROUS GAS. See page 225.

12 . Upon an ounce or two of nitrate of potass in a glass re-

tort pour some sulphuric acid
;
give it heat by means of a lamp,

and collect NITROUS ACID. See page 224.

13. Treat muriate of soda in the same manner with sulphuric

acid, and MURIATIC ACID in the gaseous form will rise

from the retort. See note f, page 218.

14. Convey some muriatic acid gas into a glass jar containing

a portion of the gas produced in experiment (). P'rom the mix-

ture of these two invisible gases, a SOLID SUBSTANCE
will be produced

;
viz. the common sal ammoniac

;
this may

be perceived to deposit itself upon the sides of the vessel in a

neat crystallized form. See pages 201 and 202.

15. Convey some carbonic acid gas into a glass jar containing

a portion of ammoniacal gas. The instant the two gases come
into contact a great absorption will take place, and SOLID
CARBONATE OF AMMONIA will be formed on tlie inner

surface of lire jar. See page 200.

1 6 . If common Glaubers salt be dried and- reduced to pow-

der, as directed note p, page 288, and then dissolved in three

times its weight of boiling water, it will not only be found to

crystallize again on cooling, but the crystals will assume the

identi'cal forms which they exhibited before they were pul-

verized. This e.xperiment is designed to show that a DETER-
MINATE FIGURE has been instamped upon every INDI-
VIDUAL SALT.

17 . Dissolve I of an ounce of Glaubers salt in two ounces of

boiling water,, pour it while hot into a phial and cork it ck*.e.

In this state it will not crystallize, even when perfectly coldj

but if the cork be now removed, the crystallization will be seen

to commence and proceed with rapidity
;

affording an instance

of'the effect of ATMOSPHERIC AIR on CRYSTALLIZA-
I'lON, See page 284.

18. Repeat the experiment with a small thermometer im-

mersed in the solution, and closed so as to exclude the atmo-

spheric air. If the solution be sullered to cool completely under
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these circumstances^ the thermometer will be seen to rise on
the rernoval of the cork. This experiment is designed to show
that saline solutions give out CALORIC in the act of CRY-
ALLIZATION. See last note of page 96.

ip- Ptit about half an ounce of quicksilver into a wine-glass,
and pour about an ounce of diluted nitrous acid upon it. The
nitrous acid will be decomposed by the metal with astonishing
rapidity • the bulk of the acid will be quickly changed to a
beautiful green, while its surface exhibits a dark crimson ; and
an effervescence indescribably vivid and pleasing will go on
during the whole time the acid operates upon the quicksilver.
When a part only of the metal is dissolved a change of colour
will again take place, and the acid by degrees will become
paler, till it is as pellucid as pure water. This is one instance
ot a IVIETALLIC SOLUTION by means of an ACID; in
which the opacity of a metallic body is completely overcome,
and the whole rendered perfectly transparent.

20. Take the metallic solution formed in the last experi-
ment, add a little more quicksilver • to saturate the acid; then
place it at some distance, over the flame of a lamp, so as gently
to evaporate a ptirt of the water. The new formed salt will
soon be seen to begin to shoot into needle-like prismatic crystals,

crossing each other in every possible direction
;

affording an
instance of the formation of a METALLIC SALT.

21. Pour a drachm by weight of strong nitrous acid into

a wine-glass, add two drachms of distilled water*, and, when
mixed, throw a few very small pieces' of granulated tin into

it. A violent cflervesceoce will take place, the lighter par-
ticles of the tin will be thrown to the top of the acid, and
be seen to play up and down in the liquor for a considerable

time, till the whole is dissolved. This is another example
of a TRANSPARENT LIQUID holding a METAL IN SO-
LUTION. See page 440.

22. Dissolve one ounce of quicksilver without heat in | ofan
ounce of strong nitrous acid, previously diluted with one ounc^
and a half of water? Dissolve also the same weight of quicksilver,
by m:ims of heat, in the same quantity of a similar acid, and then

to each of these colourless solutions, add a colourless solution

of ammonia. In the one case, the metal will be precipitated

in a Hack, in the other, in a white powder, aftbrdiug an ex-

Where diRtilled wafer is not at liand, clean rain water will answer
;iearly as well lor most purposes.
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ample of the difference of colour of metallic oxides, arising

from DIFFERENT DEGREES OF OXIDIZEMENT. See

page 430.

23. Take an ounce of a solution of potass, pour upon It half

an ounce of sulphuric acid j
lay the mixture aside, and when

cold, crystals of sulphate of potass will be formed in the liquor.

Here a MILD SALT has been formed from a mixture-of two

corrosive substances. See page 179.

24. Take carbonate of ammonia (the common volatile smell-

ing salt), and pour upon it muriatic acid so long as any effer-

vescence continues. The produce will be a SOLID SALT,
perfectly inof/oroz/Sj and of little taste. See page 201.

25. Take caustic soda one ounce, pour over it one ounce of

muriatic acid, both of these corrosive substances. The produce

will be our COMMON TABLE SALT. See page 179-

26. Mix in a wine-glass equal quantities of a saturated solu-

tion of murifite of lime, and a saturated solution of carbonate of

potass, both transparentfluids: stir the mixture, and a SOLID
MASS will be the product. See page 2yO.

27. Take the substance produced in the foregoing experi-

ment, and pour a very<*little nitric acid upon it. The con-

sequence will be, the solid matter will again be taken up, and

the whole exhibit the appearance of one homogeneocts fluid.

An instance of a solid opake mass being converted by a che-

mical agent to a TRANSPARENT LIQUID. Seepages 103

and 292.

28. Take a transparent saturated solutio^of sulphate of

magnesia, (Epsom salt,) and pour into it a like solution of

caustic potass, or soda. The mixture will immediately become

almost SOLID. This instance of the sudden conversion of two

fluids to a solid, and that related No. 26, have been called

chemical miracles. See page 292.

29. Take a portion of dried sulphate'of iron, and an equal

quantity of nitrate of potass, grind them together in a mortar,

and put the whole into a small glass retort. Adapt a receiver

to the retort with one or two bottles, according to the plan of

Woulfe’s apparatus, and apply the heat of an Argand lamp.

After some lime a gas will be disengaged, which will be con-

densed by the cold receivers, forming the true siitrous add.

We have here a CORROSIVE FLUID produced Irom the

mixture of two mild and solid substances. See page 225.

30. Pour a little pure water into a small glass tumbler, and



554 EXPERIMENT?.

put one or two small pieces of pliospliuret of lime into it.

3n a short time FLASHES OF FIRE will dart from the sur-

face of the water, and terminate in ringlets of smoke, which
will ascend in regular succession. See page 3

1
7-

31. Put thirty grains of phosphorus into a Florence flask

with three or four ounces of water. Place the vessel over a

lamp, and give it a boiling heat. Balls of fire will soon be seen

to issue from the water, after the manner of an artificial fire-

work, attended with the most beautiful corruscations. An ex-

periment to show the extreme INFLAMMABILITY OF
PHOSPHORUS. See note ||,

page 317-

32. Into an eight-ounce retort, pour four ounces of pure

water, add a little solution of pure potass, and give it a boiling

heat with a lamp. When it boils, drop a small piece of phos-

phorus into it, and immerse the beak of the retort in a vessel

of water. Bubbles of PHOSPHURETTED HYDROGEN
GAS will issue from the retort, rise tlirough the water, and

take fire the moment they come in contact with atmospheric air,

somewhat similar to the appearance mentioned at experiment

No. 30. See page 310.

33. Fix a small piece of solid phosphorus in a qtaill, and

write with it upcm paper. If the paper be now carried into

a dark room, the writing will be BEAUTIFULLY LUMI-
NOUS, See page 3)7-

34. Pour a little phosphuretted ether upon a lump of sugar,

and drop k into a glass of water, a little warm. Rhe surface

of the water will soon become luminous; and if it be moved by

blowing gently w»ilh the mouth, beautiful and brilliant undu-

lations of its surface will be produced, exhibiting the appearance

of a LIQUID COMBUSTION.

35. If any part of the body be rubbed with liquid phosphorus,

or phosphuretted ether,, that part, in a dark room, will appear as

though it were ON FIRE, without producing any dangerous

eftect, or sensation of Iieat. See page 3 1 S.

36. Take about six grains of oxygenized muriate of- potass,

and three grains of flour sulphur; rub them together in a

mortar, and a smart UEdONARING NOISE will be pro-

duced. Continue to rub the mixture hard, and the reports will

be frequently repeated, accompanied with vivid flashes of light.

If the same mi.xture be wrapped in paper, laid on an anvil, and

smartly struck with a hammer, the report will be as loud as

what is usually produced by a pistol. See page 268.

37. Take ten grains of oxygenized muriate of potass, and
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one grain of phosphorus. Treat this mixture as in the last

experimentj and very VIOLENT DETONATIONS will be

produced. It is advisable never to exceed the c^antity of phos-

phorus that is prescribed here, and in other similar experi-

ments.

38. Take a similar quantity of oxygenized muriate of potass

with three or four grains of flour sulphur, and mix the ingre-

dients ver)”^ well on paper. If a little of this mixture be taken up
on the point of a knife and dropped into a wine-glass contain-

ing some sulphuric acid, a beautiful COLUMN OF FLAME
will be perceived, the moment the powder comes in contact

with the acid.

39. Put a little oxygenized muriate of potass and a bit of

phosphorus into an ale-glass, pour some cold water upon
them cautiouslyj so as not to displace the salt. Now take a

small glass tube, and plunge it into some sulphuric acid; then

place the thumb upon the upper orifice, and in this state with-

draw the tube, which must be instantly immersed in the glass,

so that on removing the thumb, the acid may be immediately

conveyed upon the ingredients. This experiment is an example

of a very singular phaenomenon, COMBUSTION UNDER
WATER.

40. Proceed in all respects as in the last experiment, and add

a morsel of phosphuret of lime. Here, besides the former ap-

p^arance, w'e shall have COMBUSTION also on the SUR-
FACE OF THE WATER.

41. Prepare a mixture of equal parts of lump sugar and
oxygenized muriate of potass; put a small quantity of this

mixture upon a plate or a tile
;
then dip a fine glass rod, or to-

bacco-pipe, into a phial of sulphuric acid, so as to convey the

smallest quantity of the acid ; wdih this touch the powder, and

an immediate BURST OF FLAME will be the consequence.

42. Mix, without much friction, ten grains ofoxygenized mu-
riate of potass with one grain of phosphorus, and drop the mix-

ture into concentrated sulphuric acid. This is an instance of

DETONATION AND FLAME being produced, by the mix-
ture of a powder with a cold liquid. See page 268.

43. Pour boiling water upon a little red cabbage sliced,

and when cold decant the clear infusion. Divide the. infusion

into three v ine-gla-ses. To one Add a soluiion of alum, • to

the second a little solution of potass, and to the third a few
drops of muriatic acid. The liquor in the first glass w'il! as-

sume a purple, tlie second a bright green, and the third a beau-
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tiful crimson. Here is an instance of THREE DIFFERENT
COLOURS from the same vegetable infusion, merely by the
additiob of three colourless fluids. See pages 179 and 206

44, Prepare a little tincture of litmus. Its colour will be a
bright blue with a tinge of purple. Put a little of it in a phial,
and add a few drops of diluted muriatic acidj its colour will
change to a vivid red. Add a little solution of potass

j
the red

will now disappear, and the blue will be restored. By these
means the liquor may be changed alternately from a red to a
blue, and from a blue to a red, at pleasure. An instance of
the effects of acids and alkalies in CHANGING VEGETA-
BLE COLOURS, See pages 179 and 200,

45. Make an infusion of red roses, violets, or mallow flowers;
treat it with solution of potass, and it will become greew; the
addition of diluted mujiatic acid will convert it immediately to
a red. This experiment may. be frequently varied as the last,

and furnishes an excellent TEST FOR ACIDS AND ALKA-
LIES.

. 40. Add a drop or two of solution of potass to tincture of
turmeric. This will change its original briglit yellow colour to

a dark brown; a little colourless diluted acid will restore it. By
this tincture we can detect tlie most minute portion of any AL-
KALI IN SOLUTION.

47. Into a wine-glass of water put a few drops of prassiate

of polass; and a little dilute solution of sulphate of iron into

another glass : by pouring ihe.se two cofoz/?-2er^ fluids together

a BRIGHT DEEP BLUE COLOUR will be immediately pro-
duced, w'hich is the true prussian blue.

48. Put some prussiate of potass into one glass
;

into an-
other a little nitrate of bismuth. On mixing these COLOUR-
LESS fluids, a YELLOW will be the product.

4g. Pour a little prassiate of potass into a glpss containing a
colourless solution of sulphate of copper, and a REDDISH
BROWN will be produced, being a true prussiate of copper.

See page 379-

.50. Prepare a phial with pure water and a little tincture of
galls; and another with a weak solution of sulphate of iron

;
then

mix these transparent COLOUR LESS fluids together, and they

will instantly become BLACK. See page 242.

61. Pour a little tincture of litmus into a wine-glass, and into

another some diluted sulphate of indigo; pour these two BLUE
fluids together, and the mixture will become perfectly RED.
See page 179.
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52. Drop as much nitrate of copper into water as will form

a colourless solution
3

then add a little ammonia, equally

COLOURLESS, and a BLUE COLOUR will arise from the

mixture.

53. Take w'-ater holding carbonate of iron in solution, and

add some diluted prtissiate of potass; PRUSSIAN BLUE will

be formed by the mixture. See page 24/.

54. Take some of the same water as that used in the last ex-

periment} boil it, and now add prussiate of potass. In tlris

case NO COLOUR will be produced.

55. Take some water impregnated with carbonic acid, and

add to if a little BLUE tincture of litmus. The w’hole will be

changed to a RED. See page 179.

50. Take some of the same carbonated water, and boil it.

Then add a little tincture of litmus, and the blue colour will

experience NO CHANGE.

57. Take some of the black liquid described in experiment

50, add by degrees muriatic acid to it, and the COLOUR
WILL BE discharged. Now drop in a little solution

of potass, and the black colour will be REST(.)RED. Some
nicety is requisite in adding the acid and alkali

3
for if they be

given in excess the effects will not be so apparent.

58. Take the blue solution formed by experiment No. 52.,

add a little sulphuric acid, and the colour will disappear
;
pour in

a little solution of caustic' ammonia, and the BLUE COLOUR
WILL BE RESTORED. 'Ihus may the liquor be alternately

changed at pleasure. See pages 17.Q and 200.

59. Spread a piece of tinfoil, such as is used for coating

electrical jars, upon a piece of thick paper} pour a small quan-

tity of strong solution of nitrate of copppr upon it. Fold it

up quickly, and wrap it round carefully with the paper, moi'e

ellectually to exclude the atnlospheric air. Place it then upon

a tile, and in a .short time combustion will commence,' and the

TIN WILL INFLAME.

00. Take three parts of nitre, (wo of potass, and one of

sulphur} all of these should be thoroughly dry} then mix them

by rubbing them together in a warm mortar : the resulting

compound is called fulminaling powder. If a little of this

powder be placed upon a lire-shovel over a hot fire, it gradually

blackens, and at last melts. At that instant it EXPLODES
WITH A VIOLENl’ REPOiri’. Note, This mixture is not

dangerous, like the metallicfulminaling powdmrs-, none of which

should be entrusted in the hands ofyoung people.
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Gl. Whenever uncorabined muriatic, or any volatile acid is

suspected to be present in any chemical mixture,, it may be
detected by ammonia. A single drop ofammonia on a feather,
or small slip of paper, and held over the mixture, will imme-
diately render the VAPOUR VlSlBLjl.

62. Ammonia in solution may in like manner be detected by
a single drop of muriatic, or acetic acid, which will produce very
evident WHI'IE FUMES. This is merely the reverse of the
former experiment. See note §, page 20a.

63. Procure a bladder furnished with a stop-cock, fill it

with hydrogen gas, and then adapt a tobacco-pipe to it. By
dipping the bowl of the pipe into a lather of soap, and pressing

,thc bladder, soap-bubbles will be formed, filled with hydrogen
gas. These bubbles will rise into die atmosphere, as they are
formed, and convey a good idea of the principle upon which
AIR-BALLOONS are inflated. See page 3t).

. Procure a bladder similar to that described in the last

experiment, and charge it with a mixture of oxygen and hvdro-
gen gases. With this apparatus blow up soap-bubbles as be-
fore, and touch them with a lighted match. Ihe bubbles as

they rise will EXPLODE WITH A SMART NOISE. See
note §, page 305.

65. Fill a bladder, similar to that directed for experiment
No. 4, with hydrogen gas; apply a lighted match to the end of
the tobacco-pipe, and press the bladder gently. A PENCIL
OF FLAME, extremely beautiful, will be seen issuing from
the pipe, till the whole of the hydrogen gas is consumed. See
note J, page 130,

66. Place some small phials on the shelf of the pneumatic
tub, filled with water, and inverted as usual for receiving gases.

Now fill these with mixed oxygen and hydrogen gases from
the bladder, as described in Experiment 64. A lighted match
will cause any one of these to EXPLODE WITH VIO-
LENCE. When the phials are used, it will be prudent to

fold them round with a handkerchief, to prevent any injury

being received from the glass, in case of bursting; but if small

bladders be employed in place of the phials, this precaution will

be unnecessary. See note §, page 305.

67. Pour a little lime-water into a wine-glass, and put some
solution of oxalate of ammonia, equaliy transparent, into an-

other glass. If the two clear liquors be poured together, a

white precipitate of OXALATE OF LIME w'ill immediately

become visible. See note §, page 239.



FA’PERIMENTS. 559

f)3 . Pour a little lime-water into a pbial, and throw some
carbonic acid into it. The carbonic acid will seize the lime, and

precipitate it in tlie state of CARBONATE OF LIME.

69. Take the phial made use of in the last experiment, with,

its contents, and convey an additional portion of carbonic acid

into it. The carbonate of lime will now be RE-DISSOLVED,
and the liquor rendered TRANSPARENT. See note |, page

163 .

70. Take the transparent liquid produced in the last experi-

ment, and give it heat. The earth will now be precipitated in

the state of CARBONATE OF LIME, as before,

71. Pour some lime-water into a wine-glass, and a little so-

lution of carbonate of potass into another glass. When these

two transparent fluids are thrown together, an abundant preci-

pitate of CARBONATE OF LIME will be the consequence.

See page 195.
^

72. Proceed as in the last experiment, but instead of car-

bonate of potass, pour a solution of Epsom salt into one of the

glasses. When these transparent fluids are poured together, a

mixed precipitate, of CARBONATE OF MAGNESIA, and

SULPHATE OF LIME, will be .produced. Seepage 171.

73. For anotlier experiment take in the same manner, sepa-

rately, lime-water, and a .solution of alum. The union of these

solutions will produce a mixed precipitate of ALUMINE and
SULPHATE OF LIME.

74. If a strong solution of caustic potass, and a saturated so-

lution of Epsom salt be mixed, the union of these transparent

fluids will produce also an abundant precipiiate. But this w'Ul

consist of MAGNESIA and SULPHATE OF POTASS.

75. To a glass of water, suspected to contain carbonic acid,

add a small quantity of any of the other acids If carbonic acid

be present, it will become visible by a SPARKLING AP-
PEARANCE on the sides of the glass and surface of the fluid.

76. Prepare two glasses of pure water, and into one of them
drop a single drop of su![)huric acid, and mix it with the

water. Pour a little muriate of barytes into the other glass,

and no change will be perceived: pour some of tlie same so-

lution into the first glass, containing the sulphuric aci'd, and a

white precipitate of SULPHATE OF BAR.YTES will be pro-

duced. See note f, page 16O,

77. Prepare two glas.ses of water as before, conduct the ex-

periment in the same way as the last, but instead of muriate
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lof barytes, use nitrate of Iqad. In this case SULPHATE OFLEAD will be precipitated. See page l/l.

78. Prepare two glasses of rain water, and into one of them
drop a single drop of sulphuric acid. Pour a little nitrate of
siti'cr into the other glass, and no change will be perceptible.
Pour some or the same solution into the tirst glass, and a white
precipitate of SULPHATE OF SILVER will appear.

79 . Prepare two glasses as in the last experiment, and into
one of them put a drop or two of muriatic acid. Proceed as
before, and a precipitate of I'.iURIATE OF SILVER will be
produced. See last note of page 3(J1.

SO. Take two glasses, as in experiment 78, and into one of
them put a drop of sulphuric acid, and a drop or two of mu-
riatic acid : proceed as before with the nitrate of silver, and a
MIXED precipitate will be produced, consisting of MURIATE
OF SILVER, and SULPHATE of SILVER.

81. Take the glass containing the mixed precipitate of the
last experiment, and give it, by means of a lamp, the heat of
boiling water. The sulphate of silver, if there be a sufficiency

of water, will now be re-dissolved, and the muriate of silver

will remain separate at the bottom of the vessel. This expe-
riment exhibits a method of SEPARATING these IMETAL-
LIC SALTS whenever they occur in a state of mixture.

82. Mix one ounce of litharge of lead with one drachm
' of pulverized muriate of ammonia, and submit the mixture

to a red heat in a clean tobacco-pipe. The increase of tem-
perature will separate tlie ammonia in the form of gas, and the
muriatic acid will combine with the lead. When the com-
pound is well melted, pour it into a metallic cup, and you will

have a true MURIATE OF LEAD of a-bright yellow colour,

the brilliancy of which may be much heightened by grinding

it as usual witli oil. In this state it forms the colour called

PATENT YELLOW. See note *, page 286.

83. Take one ounce of red lead, and half a drachm of char-

coal in powder, incorporate them well in a mortar, and then

hli the bowl of a tobacco-pipe with the mixture. Submit it to

an intense heat in a common fire, and, when melted, pour it

out upon a slab. The result will be METALLIC LEAD
completely revived. See page 442.

84. Take a little red-lead, expose it to an intense heat in a

crucible, and pour it out when melted. The result will be me-
tallic |ass, and will furnish an example of the VITRIFICA-
TION' OF METALS.

4
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^5. I’our a little solution of indigo in sulphuric acid into a
glass of water, and add ab ;ut an equal quantity of solution of
carbnnate of potass. If a piece of white cloth be dipped in this

mixture, it will come out a BLUE. If a piece of yelioUr cloth
be dipped in, it \vill become a GREEN, or a red will be con-
verted to a PURPLE. A slip of blue litmils paper immersed iii

it will immediately become RED.

86 . If a little fustic, quercitron bark, or other dye, be boiled
in water, the colouring matter will be extracted, and a coloured
solution formed. On adding a small quantity of dissolved alum
to this decoction, the alumine, or base of the salt, will attract

the colouring matter, formingan INSOLUBLE COMPOUND,
ti'hlch in a short time will subside, and may easily be separated.
See Additional Notes, No. 11 .

87. Boil a little cochineal in water with a grain or two of
cream of tartar, (super tartrate of potass) and a dull kind of crim-
son solution will be formed. By the addition of a few drops of
nitro-muriate of tin, thd colouring matter will be PRECIPI-
TATED OF A BEAUTIFUL SCARLET. This, and some
of the former instances, will give the studenj;' a tolerably cor-
rect idea of the general processes of dyeirig woollen cloths.

See note f, page 3Q5.

88 . If a few strips of dyed linen cloth, of different colours,
be dipped into a phial of oxygenized muriatic acid, the colours
will be quickly discharged} for there are few colours that can
resist the energetic effect of this acid. This experiment may b©
considered as a complete example of the process of BLEACH-
ING coloured goods. See note f, page 222 .

89 . Having found a piece of blue linen cloth, that will
bleach in oxygenized muriatic acid, dip the tip of the finger in
a solution oi muriate of tin, and press it while wet with the so-
lution, upon a strip of this cloth. After an interval of a few
minutes immerse the cloth in the phial of liquid oxygenized
muriatic acid, and when it has remained in it the usual time, it

will be found that the spot which was previously wet with mu-
tlate of tin has preserved its ORIGINAL COLOUR, while the
rest of the cloth has become WHITE. See second note, page
393.

^ Dip a piece of white calico in a strong solution of acetate
of iron

;
dry it by the fire, and lay it aside for three or four days.

After this, wash it well in hot water, and then dye it black, by
boiling it for ten minutes in a strong decoction of Brazil wood,
Jf the cloth be now dried, any figures printed upon it with a
aolpurless solution of muriate of tin, will appear of a BEAU-

5 o
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TIFUL SCAELF^T, although the ground will remain a per--

manent BLACK, See note, page 395.

91 . Dissolve 4 drachms of sulphate of iron in one pint of cold
'

water, then add about 6 drachms of lime in powder, and 3
drachms of finely pulverized indigo, stilling the mixture occa-

sionally for 12 or 14 hours. If a piece of white calico be im-

mersed in this solution for a few minutes, it will be dyed

GREEN
5
and by exposure to the atmosphere only for a few

seconds, this will be converted to a PERMANENT BLUE.
See Additional Notes, No. 52.

92. If a piece of calico be immersed in a solution of sul-

phate of iron, and, when dr)', washed in a weak solution of

carbonate of potass, a PERMANENT COLOUR will be pro-

duced, viz. tlie BUFF of the calico printers. See note 3g0.

Q3. Boil equal parts of arnotto and common potash in water

till the whole are dissolved. This will produce the PALE
REDDISH BUFF so much in use, and sold under the name of

NANKEEN DYE,

94. If muriate of tin, newly made, be added to a solution

of indigo in sulphuric acid, the oxygen of the indigo will be

absorbed, and tne solution instantly converted to a green. It

is on the same principle that muriate of tin is employed in

cleansing discoloured leather furniture; as it absorbs the oxy-

gen, and the LEATHER IS RESTORED TO ITS NATU-
RAL COLOT^n. See note 3p3.

9-'5. Take a piece of very dark olive-coloured linen that has

been dyed with fustic, quercitron bark, or weld, and spot it

in several places with a colourless solution of muriate of tin.

Wherever the cloth has been touched with this solution," the

original colour w'ill be discharged, and spots of a BRIGHT
YELLOW will appear In its stead.

96. Dip a piece of white calico in a cold solution of sul-

phate of iron, and sutler it to become entirely dry. Then im-

print any figures upon it wdth a strong solution of colourless

citric acid; and allow' this also to diy. If the piece be then

well washed in pure warm water, and afterwards boiled in a

decoction of logwood, the ground w'ill be dyed either of a slate

or black colour, according to the strength of the metallic solu-

tion, while the printed figures wall remain beautifully white.

This experiment is designed to show the EFFECT OF ACIDS
ifi DISCHARGING VEGETABLE COLOURS.

97. If lemon juice be dropped upon any kind of buff colour,

ths dye will be instantly discharged. The application of thi»
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acid by meaiis of the block, is another method by which calico-

printers give the WHITE SPOTS or FIGURES to PIECE-
GOODS. The crystallized acid in a state of solution is gene-

rally used for this purpose. These few experiments will give

the student some idea of the nature of calico-printing.

98. Take a slip of blue litmus paper, dip it into acetous

acid, and it will immediately become red. This is a test so de-

licate, that, according to Bergman, it w'ill detect the presence of

sulphuric acid, even if the water contain only one part of acid

to thirty-five thousand parts of water. Litmus paper which

has been thus changed by immersion in acids, is, when dried, a

good test for the alkalies
j

for, if it be dipped in a fluid con-

taining the smallest portion of alkali, the red will disappear,

and the paper be restored to its ORIGINAL BLUE COLOUR.
See note |, page 206.

90. Take a slip of turmeric paper, and dip it into any al-

kaline solution; this will change the yellow to a deep brown.

In many cases turmeric is preferable to litmus paper for de-

tecting alkali in solution, as it suffers no change from carbonate

of lime, which is often found in mineral waters. This paper

will detect tire presence of soda, though it should amount to no

more than -j-jVoth part of the water. The paper thus changed

by an alkali, would, if dried, be still useful as a test for acids,

as these restore its ORIGINAL YELLOW.

100. Write upon paper with a diluted solution of muriate of

copper; when dry it will not be visible, but on being warmed
before the fire the writing will become of a beautiful Y*EL-

LOW.

101. Write with a solution of muriate of cobalt, and the

writing, while dry, will not be perceptible; but if held towards

the fire, it will then gradually become visible; and if the mu-
riate of cobalt be made in the usual way, the letters will ap-

pear of an elegant GREEN colour. See page 41/.

102. Write with acetate of cobalt, or with a muriate of cobalt,

previously purified from the iron which it generally contains.

When the writing is become dry, these letters will also be in-

visible'. Warm the paper a little, and the writing will be re-

stored to a beautiful BLUE. See note
1|,

page 419.

103. Draw a landscape with Indian ink, and paint the foliage

of the vegetables with muriate of cobalt, the same as that used

in experiment No. 101, and some of the flowers with acetate

of cobalt, and others with muriate of copper. While this pic-

ture Is cold it will appear to be merely an outline of a landscape,

2 o 2



564 EXPElilxMENTS

or winter scene
;
but when gently warmed, the frees aSid

? onri
i^/sflayedSn'^their’ atu1?l

EUUlib winch they will preserve only while they continuewarm, I his may be often repeated. See note 4 ig.

104. Write with dilute nitrate of silver, which when drr
will be entirely invisible; hold the paper over a vessel contain-mg sulphaie of ammonia, and the writing will appear very di-

the METALLIC BRIL-LIAisCY of SIL\£R. See page 443.

^ solution of nitrate or acetate of lead.When the writing is dry it will be invisible. Then havino- pre-
pared a glass decanter w'iih a little sulphurct of iron strewed
over the bottom of it, pour a little very dilute sulphuric acid
upon the sulphuret, so as not to M^ct the mouth of the decanter,
and suspend the writing by means ot the glass stopper, within
the decanter. By an attention to the paper the WRITINGWILL BECOME VISIBL.E by degrees, as tiie gas rises from
the bottom of tlie vessel. See page 3g8.

106, Write with a weak solution of sulphate of iron; let it
dry, ami it will be invisible. By dipping a leather in tincture of
galls and drawing the wet feather o\ er the letters, the writincr
will be RESTORED and appear BLACK, See page 243.

“

107. Write with a similar solution, and when dry wash the
letters in the sam.e way with prussiate of potass, and they will
be restored of a BEAUTIFUL BLUE. See note 3S3.

108 . Write with a solution of sulphate of copper, wash a.s

before with prussiate of potass, and the writing will be revived
ot a REDDISH BROWN colour. See second note, page 37y.

log. Procure a glass jar, such as is generally used for de-
flagrating the gases, and fdl it with oxygenized muriatic acid
gas. If nickel, arsenic, or bismuth in powder be thrown into
this gas, and the temperature of the atmosphere be not lower
than 70°, the metal will intlame, and continue to burn with thu
most BRILLlAN 1 COMBUSTION. See note page 223.

110. Into a large glass jar, inverted ujwn a flat brick tile,

and containing near its top a branch of fresh rosemary, or any
other such shrub, moistened with water, introduce a flat thick
piece of heated iron, on \sdiich place some gum benzoin in
gross powder. The benzoic acid, in consequence of the heat,
will be separated, and ascend in white fumes, which will aS
length condense, and form a most beautiful appearance upon
the leaves of the vegetable. This will servo as an example of
SUBLIMATION.
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111. Introduce a little carbonate of ammonia into a Floretice

flask and place that part of the Hask which contains the salt on

tlie surface of a bason of boiling water : the beat will soon cause

the carbonate of ammonia to rise undecom]iosed, and attach it-

self to the upper part of the vessel, affording another example

of SIMPLE SUBLIMATION. See page ig6.
.

112. Fill a glass tumbler Italf full of lime-water; then breathe

into it frequently 'with the mouth o[)en-, at the same time

stirring it vtdth a piece of glass. The fluid, which before was

perfectly transparent, will presently become quite white, and, if

suffered to remain at rest, REAL CHALK will be deposited.

See note |, page 1C3.

113. Mix a little acetate of lead with an equal portion of

sulpliale of zinc; both in fine powder; stir them together with

a piece of gl ass or wood, and no chemical change will be per-

ceptible; but if they be rubbed together in a mortar, the two

solids will operate upon each other; an intimate union will take

place, and a FLUID WILL BE 'PRODUCED. If alum or

Glauber salt be used instead of sulphate of zinc, the experi-

ment will be equally successful. See pages 2Q2 and 288.

114. If the leaves of a plant, fresh gathered, be placed in

the sun as directed page 84, very pure OXYGEM GAS may-

be collected.

115. Put a little fresh calcined magnesia in a tea-cup upon

the hearth, and suddenly pour over it as much concentrated

sulphuric acid as will cover tlie magnesia. In an instant sp.irks

will be thrown out, and tlie mixture will bjs COMPLPiiELY
IGNITED.

1 16 - If the student be in possession of an air-pump, the fol-

lowing experiment nray he easily performed:—Let him fix a

small jar of clhir within a vessel containing a little water, and

place both under tlte receiver of tire air-pump. The exhaustion

of the receiver will cause one of the fluids to B( )IL, and the

other to FREEZE AT THE SAME INSTANT. See last

note, page t.l.

117 . If a few' pounds of a mixture of iron filings and snlphnr

be niatle into a pa.ste with water, and buried in the grouna for

a few hours, the water wdil be decoi.njroHed with so nuich

rapidity, that COMBUSTION AND FLAME will be the con-

sequence.

118. Put a little alcohol in a tea-enp, set it on fire, and in-

-vert a large bell glass over it. In a short lime an aqueous va-

pour will be sieu to condense upon the inside of the beJl^
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which, by menns of a dr}-’ sponge, may be collected, and its
quantity ascertained. Tliis maybe aduced as an example of the
formation of WATEIl BY COMBUSTION. See page 408.

1J(). Pour a little water into a phial containing about an
ounce of olive oil. Shake the phial, and if the contents be
observ'ed we shall find that no union has taken place. But if
some solution of caustic potass be added, and the phial be then
shaken, an intimate combination ot the materials will be formed
hy the disposing affinity of the alkali, and a perfect SOAP pro-,
duced. See page lyo.

120. Put a little common sulphur Into an iron dish, place it

under ajar ofoxygen gas, and set fire to it as directed page 208,
and sulphuric acid will be formed- This is an example of the
formation of an ACID BY COMBUSTION.

12t. Take the acid formed in the last experiment, concen-
trate it by boiling, mix it with a little powdered charcoal, and
submit tlie mixture in a Florence flask to the heat ofan Argand’s
lamp. By this process sulphur will be regenerated, and will
sublime into the neck ot thq flask. An example of the DE-
COMPOSITION OF AN ACID. See note page 20S.

122. Drop upon a clean plate of copper, a small quantity of
solution of nitrate of silver

j
in a short time a metallic vegeta-

tion will be perceptible, branching out in very elegant and
pleasing forms, furni.shing an example of METALLIC RE-
VIVIFICATION. See page 442.

123. Dissolve an ounce of acetate of lead in about a quart or
more of water, and filter the solution. If this be put into a
glass decanter, and a piece of zinc suspended in it by means of a
brass wirej a decomposition of the salt will immediately com-
mence, the-lead will be set at liberty, and will attach itself to

the remaining zinc, forming a METALLIC TREE. See
page 436,

124. Place a phial of water, enclosing a thermometer, in a

frigorific mixture, and by avoiding agitation cool it some degrees

below the freezing point. If it be now agitated, it immediately
becomes solid, and its temperature instantly rises to 32“

j an
instance of a change of form occasioning an EXTRICATION
OF CALORIC.

12.5. Fill a small gla.ss matrass, or flask, holding about half

a pint, with any kind of coloured water, having previously

put in a few tea-spoonfuls of ether

:

tljen invert the flask in a

shallow vessel of water, and by degrees pour boiling water upon
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its bulb. By the sudden accession of heat the eflier will be

changed into vapour ;
which will force out the coloured water,

and fill the whole of the vessel. This experiment will afford an

example of a liquid being converted into an ELASTIC VA-

POUR BY CALORIC. See note +, page lOg.

126. For want of a proper glass vessel, a table spoonful of

ether may be put into a moistened bladder, and the neck of

the bladder closely tied. If hot water be then poured upon it,

the ETHER WILL EXPAND, and the bladder become in-

flated, See page 110.

127' Put a small piece of phosphorus into a crucible, cover

it closely with common chalk, so as to fill the crucible. Let

another crucible be inverted upon it, and both subjected to the

fire. When the whole has become perfectly red hot, remove

them from the fire, and when cold, the carbonic acid of the

chalk will have been decomposed, and the BLACK CHAR-
COAL, the basis of the acid, may be easily perceived amongst

the materials. See second note, page 33g.

128. Place a lighted wax taper within a narrow glass jar,

then take a jar or phial of carbonic acid gas, and cautiously

pour it into the jar containing the taper. Ihis being an inui-

sille gas, the operator will appear to invert merely an empty

vessel, thoi'gh the taper will be as effectually and instantane-

ously EXTINGUISHED as if water itself had been used.

See page 340.

129. Make a little charcoal perfectly dry, pulverize It veiy

fine, and put it into a warm ‘ea-cup If some ^ron^^^^^^^

acid be now poured upon it, COMBUSTION AND INl'LAM-

MATION will immediately ensue. See page 322.

ISO. If strong nitrous acid be poured upon a small quantity

of a mixture of oxygenized muriate of potass and phosphorus,

FLASHES OF FIRE will be emitted at intervals for a con-

siderable time. See page 268.

131, Put a bit of phosphorus into a small phial, then fill it

one-third wdth boiling olive oil, and cork >t close. Whenever

the stopper is taken out in the night, LIGrfl WILL BE

EVOLVED sufficient to show the hour upon a watch.

132 Let sulphuric ajid be poured into a saucer upon some

acetate of potass. Into another saucer put a mixture of about

two parts quick-lime, and one of sal ammoniac, both in pow-

der, adding to these a very small quantity of boiling water.

Both saucers while separate will yield invisible gases
j

but the

moment they are brought close together, the operator will be
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ENVET.OPED IN VERY VISIBLE VAPOURS. Muriat*ot soda, jn this experiment, may be substituted for acetate of
potass. See note §, page 203.

133. Take a glass tube with a bulb in form of a common
thermometer; hll it with cold water, and suspend it by a strine.
Jf the bulb be frequently and continually moistened with pure
sulphuric ether, the water will presently be FROZEN, EVENIN SUMMER. See note page 1 22.

’

134. Dissolve five drachms of muriate of ammonia and five
drachms of nitre, both finely powdered, in two ounces of wa-
ter. A thermometer immersed in the solution will show that
the temperature is reduced below 32°. If a thermometer tube,
filled with vvater, be now suspended within it, the WATER
will soon be AS EFFE TUALLY FROZEN as in the last ex-
periment. See last note, page 92.

. f'‘ocure a phial with a glass stopper accurately ground
into It; introduce a few copper filings, then entirely fill it with
liquid ammonia, and stop the phial so as to exclude all atmo-
spheric air If lelt in this state no solution of the copper will
be eftected. But if the bottle be afterwards left open for some
time, and then stopped, the metal will dissolve, and the so-
lutipn will be colourless. Let the stopper be now taken out,
and the fluid will become blue, beginning at the surface, and
spreading gradually through the whole. If this blue solution
has not been too long exposed to the air, and fresh copper filinfs
be put in, again stopping the bottle, the fluid will once more
be deprived of its COLOUR, which it wdll RECOVER ONLY
BY RHE RE-ADMISSION OF AIR. These effects may thus
pe repeatedly produced. See note, page 438.

136. Pour concentrated nitric acid upon pieces of iron, and
very little action will be seen : but if a few drops of wafer be
added a most violent effervescence will immediately commence •

the acid will be decomposed with rapidity, clouds 'of red nitrous
gas will be evolved in abundance, and a perfect SOLUTION
OF THE METAL eftected, See note, page 438.

137. Take any .solution of iron, a chalybeate water for in-
stance, and add a little succinate of ammonia

;
a precipitate will

be immediately visible, being succinate of iron. By this test
tjre QUANTITY of iron in any solution may be ACCU-
RATELY ASCERTAINED. See page 292.

138. In like manner add sulphuretted hydrogen to a solution
f>f lead, and a deep ^rpwn precipitate will be occasioned. This
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is an effectual mode of DETECTING this and some other

PERNICIOUS METALS. See Add. Notes, No. 3l.

139. Melt sulphur in a small iron ladle, and carry it info a

dark room in the state of fusion. If an ounce or two of cop-

per filings be now thrown in, LIGHT WILL BE EVOLVED,
See page 461.

140. Dissolve some quicksilver in nitrons acid, and drop a

little of the solution upon a bright piece of copper. If it be
then gently rubbed with a bit of cloth, the mercury will pre-

cipitate itself upon the copper, which will be completely sil-

vered. This experiment is illustrative of the PRECIPITATION
OF ONE ME PAL BY ANOTHER. See page 442

141. If a little nitro-rauriate of gold be added to a fresh so-

lution of muriate of tin, both being much diluted with water,

the gold will be precipitated of a purple colour, forming that

beautiful pigment called POWDER OF CASSIUS. See
note f, page 360.

142. Take a phial with solution of sulphate of zinc, and an-
other containing a little liquid ammonia, both transpareni finids.

By mixing them, a curious phaenomenon may be perceived :

—

the zinc will be immediately precipitated in a wlhie mass, and,

if then shaken, almost as INSTANTLY RE-DlSSOLVED.

143. If a colourless solution of galls be added to a solution

of bismuth in nitric acid, equally colourless, a broivn precipitate

will be produced. This is a distinguishing CHARACTERIS-
TIC OF THIS METAL. See note -j-, page 410.

- 144. If a colourless solution of arsenic in nitric acid be
poured into a colourless solution of copper, a green precipitate

will be produced, forming an arseniate of copper similar to an
ore found in the Cornish mines. These metais may be thus
RECIPROCALLY DETECTED. See note *, page 378,

145. If a spoonful of good alcohol and a little boracic acid be
stirred together in a tea-cup, and then set on lire, they will pro-
duce av'ery beautitui GREEN FLAME. See note f, page 234.

146, If alcohol be inflamed in like manner with a little pure
strontiaii in powder, or any of its Kilts, the mixture' will give a
PURPLE FLAME. See note page 162.

147. If b.irytes be used instead of strontian, we shall have a
brilliant YELLOW FLAME. See page 1 60,

148, Alloy a piece of silver wiih a portion of lead, place the
alloy upon a piece of charcoal, attach a blow-pipa to a gaso-
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meter charged with oxygen gas, light the charcoal first with a

bit of paper, and keep up the heat by pressing upon the ma-
chine. When the metals get into complete fusion, the lead

will begin to burn, and very soon will be all dissipated in a

white smoke, leaving the silver in a state of purity. This ex-

periment is designed to show the hlXITY of the NOBLE
METALS. See note §, page 399. '

149. Fuse a small quantity of nitre in a crucible, and, when
in complete fusion, throw pulverized coal into it, by small

quantities at a time. The carbonaceous matter will decom-
pose the nitre, and the bituminous part will burn away with-

out acting upon it. This experiment will exhibit a mode of

ANALYSING COAL; for every tOO grains of nitre that are

decomposed .in this way, denote ten grains of carbon. See

page 270.

150. Bum a piece of iron wire in a deflagrating jar of oxy-

gen gas, as directed page 453, and suffer it to burn till it goes

out of itself. If a lighted wax taper be now let down into the

gas this w'ill burn in it for some time, and,then become extin-

gviished. If ignited sulphur be now introduced, this will also

burn for a limited time. Lastly, introduce a morsel of phos-

phorus, and combustion will also follow A like manner. These

experiments show the RELATIVE COMBUSTIBILITY of

different substances. See chapter 12.

151. If oxide of cobalt be dissolved in ammonia, a RED
SOLUTION will be produced, different in colour from that of

all other metallic oxides. See page 41 7.

152. If nickel be dissolved in nitric acid, a beautiful GREEN
SOLUTION will be formed. The oxide of this metal is used

to give a delicate grass green to porcelain. See page 402.

153. When colourless pmssiate of potass is added to a solu-

tion of titanium, this metal will be precipitated also of a GREEN
COLOUR.

154. Add a little colourless solution of galls to a clear solu-

tion of antimony in nitro-muriatic acid, and tlie metal will be

precipitated of a PALE YELLOW COLOUR. See page 409.

155. If a solution of tungstate of potass be poured into a

solution of the green sulphate of iron, a YELLOW PRECI PI-

TATE will fall down. By this experiment the distinguishing

characteristic of this metal is exhibited.

156. Add a few grains of oxygenized muriate of potass to a

tea-spoonful or two of alcohol, drop one or two drops of sul-
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phuric acid upon the mixture, and the whole will BURST
INTO FLAME, forming a very beautiful appearance. See
page 2(5s.

157. A mixture of oxygenized muriate of potass and arsenic

furnishes a detonating compound, which takes fire with the utmost

rapidity. The salt and metal, first separately powdered, may be

mixed by the gentlest possilde triture, or rather by stirring them
together on paper with the point of a knife. If two long trains

be laid on a table, the one of gunpowder and the other of this

mixture, and they be in contact with each other at one end, so

that they may be fired at once ;
the arsenical mixture burn.s

with the RAPIDITY OF LIGHTNING, while the other burns

with comparatively extreme SLOWNESS. See page 26s,

158. Into an ale glass of water put a few filings of zinc, and

a small bit of phosphorus
;

then drop a little sulphuric acid

upon the mixture by means of a glass tube, as described at

No. 3g, and phosphuretted hydrogen will presently be disen-

gaged, which will INFLAME on rising to the SURFACE OF
THE WATER. See page 310.

159. Take a small piece of phosphuret of lime, a little

moistened by the air, and let a single drop of concentrated mu-
riatic acid fall upon it. In this case phosphuretted hydrogen

will also be evolved, accompanied by SMALL BALLS OF
FIRE darting from the mixture, and the most intolerable fetid

smell that can be conceived. See page 310.

160. If 20 grains of phosphorus, cut veiy small, and mixed

with 40 grains of finely granulated zinc, be put into 4 drachms

of water, and 2 drachms of concentrated sulphuric acid be

added thereto, bubbles of inflamed phosphuretted hydrogen

gas will quicklv cover the whole surface of the fluid in succes-

sion, forming a real AQUEOUS FOUNTAIN OF FIRE.
See page 3 1

6'.

161. If any light substance capable of conducting heat, be

placed upon the surface of boiling water, and a bit of phospho-

rus be laid upon it, the heat of the water will be sufficient to

set the PHOSPFIOKUS ON FIRE. See page 3
1 7.

1 62. If hot water be poured into a glass jar of cold water,

it will remain on the surjace-, but if cold water be poured upon

hot water, it will sink to the bottnm of the vessel. This experi-

ment may be rendered more o vious by colouring that portion

of the water whicli is poured in. The design of this is to show

the CHANGE of the SPEClbiC GRAVITY of thej«?Kebody,

merely by the AGENCY of CALORIC-



572 EXPERIMENTS.

163 . If a solution of the green sulphate of iron be dropped
into a iiitro-niuriate of gold, the last metal will be immediately
precipitated. In this state it is often employed in GlLDIiSG
CHINA. See page SGO.

164. If flowers, or any other figures, be drawn upon a rib-

band or silk with a solution of nitrate of silver, and the silk,

moistened with water, be then exposed to the action of hydro-

gen gas, the silver will be revived, and the figures, firmly fixed

upon the silk, will become visible, and shine with METALLIC
ERILLIANCY. See page 443.

105. By proceeding in the same manner, and using a solution

of gold in nitro-muriatic acid, silks maybe PERMANENTLY
GILT at a most insignificant expense, and will exhibit an ap-
pearance the most beautiful that can be conceived. See page
443.

100. To a similar solution of gold add about a fourth part of
ether

j
shake them together, and wait till the fluids separate:

the upper stratum, or ethereal gold, is then to be carefully

poured olfinto another vessel. If any polished steel instrumient

or utensil be dipped into this solution, and instantly plunged
into water, the surface will have acquired a coat of pure gold,

being a very elegant and cr-cbnomical mode of PRESERVING
POLISHED STEEL FROM ROST. See note 355.

10/. If nitro-muriate of platina be mixed with a fourth part

of its bulk of ether, and the mixture suffered to settle, the

ethereal solution of platina may be decanted as in tlie preceding

experiment. Polished brass, and some other metals immersed
in this solution, will be COVERED WITH A COAT OF
PLATINA. 'Phis process may be applied to many useful pur-

poses. See page 308.

108. If a small thermometer be placed in a glass vessel

containing about an ounce of a solution of sodaj on adding a

sufficient quantity of muriatic acid to saturate the soda, the

mercury in the thermometer will expand
3
affording an instancy

of HEAT being produced by THE FORAIATION OE A
SALT. See page 97-

]0p. Let the last experiment be repeated, with the carbonate

of soda, instead of pure soda
3

the mercury will now sink in

the thermometer. Here, though the SAME KIND OF SALT
is formetlj COLD 18 PllODGCED. See note f, page 110.

I/O. Fill a thermometer tube with tepid water, and immerse

it in a glass vessel of water of the same temperature, contain-

ing a mercurial thermometer. If the whole be now placed ip
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a bed of snow, or in a friccorific mixture, the wafer in the tube

will softer a progressive cfimimuioii of volume, until it arrives

at about 40“; it will then begin to expand gradually, until it

becomes solid. This show's Iiow ICE is enabled to SWIM ON
3 HE SURFACE OF WATER. Seepage 11 7-

] 71 . Another example on this subject may be shown.

Fill a thermometer tube with cold water, at about 32“, and

immerse it in a vessel of warm water. In this case, the water

in the tube w'ill contract in volume till it arrives at about 42“,

when it wdll appear lor a time nearly stationary. If the heat

be now continued, the effect will be reversed, for the water in

the tube will expand as its temperature is increased. This is a

curious instance of a CHEMICAL ANOMALY'. See note

page 118.

172. It is an interesting experiment to place a glow-worm
within a jar of oxygen gas, in a dark room. The insect w ill

shine w'ith much greater brilliancy than it dues in atmospljeric

air, and appear more alert. As the luminous appearance de-

pends on the will of the animal, this experiment probably af-

fords an instance of the STIMULUS which thisgas communi-
cates to THE ANIMAL SYSTEM. See Additional Note,
No. Q.

173. Prepare a very dilute and colourless solution of platina

by dropping a small quantity of the nitro-inuriate of that me-
tal into a glass of water. If a single drop of the soludon of
muriate of tin be added to this, a bright red precipitate will ba
instantly produced. A more DELIC.vl'E REST than this of
any metal, cannot be conceived. See page 3C)'7.

174. If a morsel of dry nitrate of silver (lunar caustic) b«
laid on a piece of burning charcoal, the metallic salt will im-
mediately deflagrate, throw out the most beautiful scintillations

that can be imagined, and the surface of tbe CHARCO.:xL
will be richly COATED WITH METALLIC SILVER. .

See page 442.

175. To a colourless solution of nitrate of mercurj', add an
equally colourless solution of sub-borate of soda. This will

produce a double decomposition, and form a bright yellow
precipitate of borate of mercury

3
giving an instatvee of DIF-

FERENCE OF COLOUR IN METALS, by their union
WITFI DIFFERENT ACIDS. See p.nge 430.

176. Into a diluted solution of sulphate of copper, pour a
little liquid caustic ammonia. This will precipitate the copper
•t' a bluejsh white. During its examination,^ however^ the
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precipitate will be re-dissolved, and a beautifld blue lirtuid,
called AQUA CELESTIS, will be the result. See page 3/7.

177. If one grain of dry nitrate of bismuth be previously
mixed with a grain of phosphorus, and then rubbed together
in a metallic mortar, a LOUD DETONATION will be pro-
duced. See Additional Notes, No, 22.

178. Write on paper with a solution of nitrate of bismuth;
W'hen this is dry the writing will be invisible ; but if the paper
be immersed in water, it will be DISTINCTLY LEGIBLE,
Sec note page 412.

179. A letter written with a .diluted solution of bismuth,
becomes, when dry, illegible

;
but a feather dipped in a solu-

tion of sulphate of potass, w'ill instantly blacken the oxide, and
REVIVE THE WRITING. See note §, page 411.

180. Drop a piece of phosphorus about the size of a pea
into a tumbler of hot water, and from a bladder, furnished
with a stop cock, force a stream of oxygen gas directlv upon it.

This will atford the most BRILLIANT COMBUSTION
Under water that can be imagined. See page 317.

181. Paste a slip of litmus paper within a glass jar, near
the bottom, then fill the jar with water, and invert it on the

shelf of a pneumatic trough. If as much nitrous gas, previ-

ously well w'ashed, be passed into tire jar as will displace the

water below the level of the paper, the colour of the litmus

paper will still remain unaltered ; but on passing up atmosphe-

ric air it will immediately be reddened
;
showing THE FOR-

MATION OF AN acid, by the MIXTURE OF TWO
GASES. See page 448.

182. Take a few grains of citric acid, and twice as much
dry carbonate of potass, or of soda, both in powder; mix them,

and put them into a dry glass. No chemical change will take

place in either of these salts, but the moment water is poured

upon them, an effervescence will ensue; affording an instance

of the necessity of WA'I ER to promote SOME CHEMI-
CAL DECOMPOSITIONS.

183. Dissolve a few crystals of nitro-muriate of gold in

about 8 times their weight of pure water; place a thin slip of

charcoal in the solution, and heat the whole by means of a sand-

bath. When the solution has acquired nearly a boiling heat,

the gold will precipitate itself on the charcoal, in its metallic

splendour, forming a singular and beautiful appearance. This

experiment is designed to show that JMETALS become INSO-
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LUBLE, the moment they IMIV^RT THEIB. OXYGEN
to foreign bodies. See page 357*

184. Proceed as in the last experiment, and submit the

vessel with its contents to the rays of the sun. Here the me-
tal will be reduced, and the charcoal as effectually gilt as be-

fore. This is illustrative of the DEOXIDIZING POWER
OF THE SUN'S RAYS. See note, page 443,

185. Drop a little leaf gold into nitro-muriatic acid, and
it will instantly disappear. This experiment is designed to

show the great SOLUBILITY OF THE METALS, when
submitted to a proper menstruum. See page 358,

186. Pour a little purified nitric acid into one v’ine-glass,

and muriatic acid into another; and drop a little leaf gold

into each. Here neither of these corrosive acids will act at

all upon the metal, THE GOLD WILL REMAIN UN-
TOUCHED, Now pour the whole contents of the two
glasses together, and the metal will disappear, and be as effec-

tually dissolved as in the last experiment. See note *, page

358.

18/. If a little metallic arsenic in jx>wder be mixed with a

few zinc filings, and then treated with diluted sulphuric acid,

ARSENIATED HYDROGEN GAS may be collected,

which burns with a peculiar kind of lambent white flauie.

188, If a portion of this gas, issuing from a very small tube,

be set on fire, and then immersed in a large glass receiver of

oxygen gas, and the stream of arseniated hydrogen kept up
by the pressure of the bladder, a BLUE FLAME of uncom-
mon splendour will be produced. See note page 414.

1 89 . Take an amalgam of lead and mercury, and another

amalgam of bismuth, let these two SOLID AMALGAMS be

mixed by triture, and they will INSTANTLY BECOME
FLUID. See page 105, and note *, 106 .

igO. Charge a small glass retort with strong muriatic acid,

and insert its beak into a tubulated receiver, containing a little

water; then into this receiver insert two small thermometers,

the one immersed in the water, the other suspended above it.

By applying the heat of a lamp to the retort, muriatic acid gas

will be disengaged in abundance
;
and if the thermometers be

examined, that which is suspended in the gas, will be found to

have risen only a FEW DEGREES, while that which was
immefsed in the cold water, has acquired a BOILING HEAT.
See page 97 .



576 EXPERIMENTS.

I9I • Put into a wine-glass about a scruple of the oildizeJi
manganese and potass, prepared as directed page 422, and an
equal quantity of the same compound into another glass. On
one pour hot, and on the other cold water. The HOT SO-
Ll'TION will exhibit a BEAUTIFUL GREEN colour} the

COLD ONE, a DEEP PURPLE.
/

1Q2. If a small portion of the same compound be put into

several glasses, and water at different temperatures be poured

upon each, the contents of each glass will exhibit a different

shade of colour. I’his experiment affords another instance of

METALS PRODUCING VARIOUS COLOURS according

to their different states of OXIDIZEMENT. For the means
of varying this experiment. See note *, page 423.

Ip3. Into a glass of water containing a small portion of

common salt, drop some of a dear solution of nitrate of silver,

and an insoluble precipitate of muriate of silver will be pro-

duced. This experiment is designed to give the pupil some
idea of the method of ANALYSING MINERAL WATERS.
Every 100 grains cf this precipitate, when dried, indicate 42
grains of common salt. See page 361.

ip4. Into a glass of Aix-la-Chapelle water, or water hold*

ing a small portion of potass, drop a little of the solution of

uitro-muriate of platina, and an immediate yellow precipitate

will be produced. This affords another instance of the nature

of the means usually employed to DETECl' whatever SUB-
STANCES may be DISSOL /ED IN MINERAL WATERS,
See note *, page ] 88.

,
]Q5. Into distilled water drop a little spiritous solution of

soap, and no chemical effect will be perceived
}
but if some of

the same solution be added to hard-water, a milkiness will im-

mediately be iModuced, more or less, according to the degree

of its impurity. This is a good method of ASCERTAINING
THE PURITY OF SPRING WATER. See note f, page

21)4.

196. If a little pure WHITE calomel be rubbed in a glass

mortar wuh a little colourless solution of caustic ammonia,,

the whole will become INTENSELY BLACK.

197. A little of the solution of sulphate of manganese, be-

ing exposed in a glass phial to the light of the suiv, its rose

colour will be enlire’y destroyed. This is another experiment

to show the DE-OXIDIZING POWER OF THE SUN’S
RAYS. If the phial be removed into a dark room, the origb-
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nal COLOUR of the solution will be RESTORED. See
note §, page 443,

lp8. Dissolve about a drachm of pulverized sulphate of cop-
per in a little boiling water, and an equal quantity of powdered
muriate of ammonia in a separate vessel, in hot water. By
mixing the contents of the two glasses, a quadruple salt will
be formed which gives a YELLOW colour to the solution
WHILE HOT, and becomes GREEN WHEN COLD.

_

igt). Mix three grains of sulphur with nine grains of diy
nitrate of silver, and lay the mixture in a small heap on an
anvil, or on any piece of solid metal. If the mixture be now
struck smartly with a cold hammer, the sulphur will inflame,
but no detonation will ensue. This is an instance of a ME-
TALLIC SALT being decomposed and a combustible sub-
stance INFLAMED BY PERCUSSION.

200, If the experiment be repeated, and lha mass be strack
with a /to/ hammer, THE MIXTURE DETONATES and
the SILVER IS REDUCED.

201. Pour a solution of nitrate of silver into a glass ve.ssel,
and immerse a few slips of copper in it. In a short time a
portion of the copper will be dissolved, and all the silver pre-
cipitated in a metallic form. If the solution, which now con-
tains copper, be decanted into another glass, and pieces of iron
added to it, this metal will then be dissolved, and the copper
precipitated, yielding an example of PECULIAR AFFINI-
TIES, See note *, page 442.

202. IMelt a portion of grain tin and pour it into a metallic
cup. Allow it to cool till it is congealed to some depth, then
pierce the solid crust, and carefully pour out that portion that
is still liquid. If what remains in the vessel be suffered to
cool entirely, it will present RHOMBOJDAL CRYSTALS
of considerable size, formed by the assemblage of a great num-
ber of small needles longitudinally united. Seenote't nao-e
236. * “

203. Treat silver in the same way, and we shall procure a
metallic ma.ss, crystallized in QUADRANGULAR OR OC-
TAHEDRAL PRISMS, These two experiments ivill succeed
ietter if the metal be poured into a vessel ivith an orifice in the
bottom, which must be stopped with a p-oper plug, ami this re-
moved as soon as the upper crust hardens ; the lujuid metal will
then run out, and that which w congealed will exhibit a resulur
crystallization.

^

204. Form an amalgam with four parts ofsilver leafand two of
icrcury, and dissolve this amalgam in diluted nitric acid. Then

2 I*
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add water to the solution, equal to 30 times the weight of th«

metals employed, and put the whole aside for use. If an

ounce of this solution be at any time poured into a phial, and

a small piece of soft amalgam of silver be dropt in, filaments

of reduced silver will shoot from it, and extend upwards, in

the form of a shmb. This appearance of arborescence is called

THE TREE OF DfAN'A, See page 436.

205. If two parts of sulphate ofcopper, and three of carbonate

of ammonia, (the one a blue, the other a white salt,) be rubbed

together in a glass mortar till the carbonic acid be expelled, the

mass will become soft and humid, and, when dried, forms a

crA’stalline pow'der of a DEEP VIOLET colour. This com-

pound was formerly called CUPRUM AMMONIACUAI.

206. If a flat bar of iron be hammered briskly on an anvil,

its temperature will soon be so increased, that a piece of phos-

phorus laid upon it, w-ould instantly be inflamed. Tills expe-

riment is designed to show' that CALORIC may be EVOLVED
merely BY PERCUSSION; and that, when evolved, it is as

active and enetgetic as though it had never been latent. See

page go.

207. If a little colourless and recently prepared muriate of^

tin be poured into a rich GREEN solution of muriate of cop-

per, the copper will be deprived of a portion of its oxygen,

and a WHITE MURIATE PRECIPITATED. See note,

page 393.

203. Into' the phial containing the white muriate of the last

experiment, pour a little muriatic acid. The precipitate will

quickly be dissolved, and THE SOLUTION WILL BE
COLOURLESS. See note *, page 438.

20g, Procure some solution of sulphate of iron at the mini-

mum of oxidizement, by digesting iron filings with the com-

mon sulphate. Into this, when filtered, drop a little ol the

solution of prussiate of potass, and a WHITE PRUSSIATE

OF IRON \vill be precipitated. See note if, page 430.

210. If a very little colourless nitric acid be added to a so-

lution of sulphate of iron prepared as in the last experiment,

the addition of the pmssiate of -potass will produce not the

white, but the BLUE PRUSSIATE OF IRON. Seepage

429, and note *, page 438.

211. Pour some pure nitric acid on the black oxide of man-

ganese, and lio solution will be effected. But if a little sugar

be added, the SUGAR will ABSTRACT a.pait of tlie OXYr
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GEN from the oxide of mangsnese, and the acid will then bd
enabled to dissolve the metal. See note *, page 440.

212. Expose an ounce of nitric acid for an hour, in an open
phial, to the direct rays of the sun, and pour another ounce of
the same acid, that has not been so exposed, into another
phial. If a little of the black oxide of rnanganese be now put
into each, the oxide in the first phial will be DISSOLVED,
while that in the other will NOT BE AFFECTED by the
acid. See page 225.

213. If a piece of bright sllv&r be dipped in a solution of
sulphate of copper, it will come out unchanged: but if the
blade of a clean penknife, or any piece of polished iron, be dip-
ped in the same solution, the IRON will instantly put on the
APPEARATSICE of copper. See page 378.

214. Take the piece of silver, employed in the last experi-

ment, hold it in contact with the iron, and then, in this situ-

ation, dip them into the same solution, and BOTH will be
COVERED WITH COPPER.

215. Dissolve some oxide of nickel in caustic ammonia,
•which will produce a solution of a rich BLUE colour. By expo-
sure to the air this gradually changes to a PURPLE, and lastly

to a VIOLET. The addition of an acid will, however, con-
vert the whole to a GREEN.

21 6. Take the GREEN solution of the last experiment,
and pour caustic ammonia upon it. The original BLUE co-

lour will now be reproduced.

217- Prepare a colourless solution of tartrate of potass and
antimony (the common emetic tartar) and pour into it a little

liquid sulphuretted hydrogen. This will combine witli the

metallic oxide, and form an ORANGE-COLOURED preci-

pitijte.

218. Melt together equal parts of copper and antimony, the

one a yellow, 'the other a white metal, and the alloy that re-

sults from this mixture will take the COLOUR OF THE
VIOLET.

219 . If the gray sulphuretted oxide of antimony be fused in

a crucible, we procure a beautiful transparent glass, which is

called ihe glass of antimony

.

THIS TAKES THE COLOUR
OF THE HYACINTH.

220. When antimony is heated to whiteness in a crucible;

and in this state agitated, in contact with the air, it inHam«s
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with a sort of explosion, and presents while burnino’ a very
singular kind of WHITE FLAME, forming what have been
formerly called argeiiline flowers,

221 . When antimony is well fused upon charcoal, and if, at

the moment when its surface is not covered with any particle

of oxide, we throw it suddenly upon the ground, the globules,

into which it divides in its fall, BURN with a very LIVELY
FLAME, throwing out on all sides BRILLIANT SPARKS,
different from that of any other metal.

222 . Mix five or six grains of sulphuret of antimony with
half its weight of oxygenized muriate of potass, and then, if a
sudden stroke be given to the mixture, upon a steel-anvil, it

fulminates with a loud report, emitting, according to Fourcroy',

a FLAME as.brilliant and RAPID AS LIGHTNING.

223. If alcohol contains muriate of magnesia, it has the
property of burning with a REDDISH YELLOW FLAME.

224. Evaporate to dryness a solution of gold, made with
nitro-muriatic acid, and dissolve the crystals in a sufficiency of
pure water to prevent the crystallization of the metallic salt.

Thoroughly moisten a little magnesia with this aqueous solu-

tion, and place the mixture in the sun’s rays. A change of co-

lour will soon be apparent. It will first take a FAINT VIO-
LET hue, and in a few hours the whole will have acquired a

very DEEP PURPLE. See page 443.

225. Moisten a little magnesia witli some of the solution as

before, and then dry the mixture in the dark. Jf it be then

s’.ibmitted to the action of the sun’s rays, it will acquire only a

FAINT VIOLET, even BY SEVERAL HOURS exposure.

See note, page 43S,

226 . If the mixture employed in the last experiment be now
thoroughly wetted with pure water, and again placed within

the rays of the sun, its colour will RAPIDLY CHANGE, and
will acquire a DEEP PURPLE approaching to CRIMSON.
See page 438.

227 . Moisten a piece of white riband with the aqueous solu-

tion of gold, described at No. 224, and dry it thoroughly in

the dark ; then suspend it in a clean, dry, transparent phi;d, and
cork it close with a dry cork. Expose the riband, thus secured,

to the strong light of a bright sun, for half an hour, and only

B FAINT appearance of CHANGE OF COLOUR will be

perceived.

223. Taketlie riband out of the phial that was employed in
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th6 last experiment and ivet it well with distilled water. If it

be now exposed to the sun’s rays, it will instantly CHANGE
colour, and will quickly be stained of an INDELIBLE PUR-
PLE.

22p. Dissolve dry nitrate of silver in pure water
;
add a lit-

tle oil of turpentine, shake the mixture, and cork it close.

Submit the phial with its contents to the heat of boiling water

for an hour, when the metal will be revived, and the inside of

the phial, where the oil reposed on the aqueous solution, will

be beautifully S '. LVER ED, the fevived metal forming a ME-
TALLIC RING, extending quite round the phial. Seepage
442.

230. Immerse a slip of white silk in a solution of nitrormu-

riate of gold in distilled water, and dry it in the air. Silk thus

prepared w'ill not be altered by hydrogen gas
j
but if another

piece of silk be dipped in the solution and exposed while wet

to the same current of hydrogen gas, instant signs of metallic

reduction will appear
;

the colour wdll change from yellow to

green, and a brilliant film of REDUCED GOLD w'ill soon

glitter on its SURFACE.

231. If a piece of silk be immersed in a solution of nitrate

of silver and dried in a dark place, and then submitted to hy-

drogen gas, the silver will not be reduced
;
but if exposed

while wet to a stream of the same gas, the surface will quickly

be coated wdth reduced silver
j

various colours, such as blue,

purple, red, orange, and yellow, will accompany 'the reduction,

and the THREADS of the SILK will look like SILVER
WIRE. During these experiments the silk should he constantly

kept wet with distilled water. '

232. Dissolve some crystals of muriate of tin in distilled

water, then dip a piece of white silk in the solution, and dry

it in the air. If this be now immersed in hydrogen gas, no

change will be observed
;
but if it be exposed while wet to

the same current of gas, the reduction will soon commence,
attended with a great variety of beautiful colours, as RED,
YELLOW, ORANGE, GREEN, and BLUE, variously in-

termixed.

233. Prepare a strong solution of phosphorus in sulphuric

ether, and dip a piece of white silk in the solution
; then, when

the ether has evaporated, and the phosphorus begins to fume,

apply a solution ot nitro-muiiate of gold, made by dissolving

the crystals of that salt in distilled water; the silk will in an

instant be covered with a SPLENDID coat of METALLIC
GOLD.
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234. Proceed as in the last experiment, and instead of the
solution of gold, apply, with a camel’s-hair pencil, a solution
of nitrate of silver. Here the silver will instantly be restored
to its METALLIC BRILLIANCY^ and frequently attended
by SPANGLES of a beautiful BLUE.

235. If a bit of white silk be immersed in an ethereal solu-

tion of gold, and dried, the application of phosphorized ether
will only impart a BROWN colour to the silk

;
but if it be

placed on the palm of the hand, as soon as the phosphorus be-
gins to fume, and breathed on for a considerable time, the
BROWN will be succeeded by a PURPLE TINGE and the
METALLIC LUSTRE of the GOLD will soon begin to

appear.

236. ” An aqueous solution of nitro-muriate of gold,” says

Mrs. Fulham, “ was poured into a china cup containing some
phosphorized ether

j
instantly the gold began to assume its

metallic splendour, attended with a variety of colours, as

PURPLE, BLUE, and RED, tlie beauty ot wdiich cannot be
described; but w'hich depend on the DIFFERENT DE-
GREES of the reduction.”

237- With , a needle pass a tlu'ead through a .small bit of
phosphorus, previously freed from moisture by immersing it in

alcohol. If this be suspended in an aqueous solution of nitro-

muriate of gold, in a few minutes the PHOSPHORUS will

become covered with PURE GOLD.

238. If a piece of white SILK be dipped in an aqueous so-

lution of nitro-muriate of gold, and exposed while wet to sul-

phurous acid gas, the whole piece will in a few seconds be co-

vered with a coat of REDUCED GOLD, which remains PER-
MANENT.

239 . If a piece of white silk be immersed in an aqueous so-

lution of nitrate of silver, thoroughly dried in the dark, and

then exposed to sulphurous acid vapours, it will suffer no
change; nor, ii it be wetted with alcohol and then replaced in

the vapour, rvill any sign of reduction appear ; but if it bo

wetted with pure tvatcr, and then expo.sed to the vapour, ME-
TALLIC SILVER will immediately be seen on its surface.

A glass funnel is a convenient apparatus for these experiments.

The silk may be suspended by a thread passed through it, and

made fast to the funnel with a cork. 7'hefunnel is then to be

placed on a table, and by moving it a little over the edge of the

table, a lighted match may be readily introduced, and when the

glass isfull of vapour the match may be withdrawn The va-

pour is confined by sliding thefunnel back upon the table ; and
thus the phcsnomena of the experiment may be easily observed.
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240. Dip a piece of white calico in an aqueous solution of

acetate of lead, and then drop a little solution of sulphuret of

porass upon it If this be now placed in the palm of the hand,

t’te LEAD will be oltserved gradually to revive, and will soon

be reduced to its METALLIC STATE.

241. Di.s.solve some sulphuret of potass in alcohol, and

immerse a slip of white silk in the solution. If a drop of an

aqueous solution of sulphate ot manganese be now applied,

films of METALLIC MANGANESE, bright as silver, will

instantly appear. /

242. If a bit of silk be immersed in diluted acetate of

lead, and exposed while wet to a stream ot sulphuretted hy-

drogen gas, a brown tinge will instantly diffuse itself, like

a passing shadow, over the whole surface of the silk, accom-

panied with a blight coat of REDUCED LEAD resembling

silver.

243. If a piece of silk be immersed in an aqueous solu-

tion of muriate of tin, and exposed while wet to a stieam of

the same gas, REDUCED TIN_of great brightness will im-

mediately cover the surface, and in a little time this will be

accompanied by various colours, such as BLUE, ORANGE,
and PURPLE.

244. A piece of silk, treated in the same way, but dipped

in an aqueous solution of muriate of arsenic, will be covered

with re.splendent METALLIC ARSENIC, attended with a

CITRON YELLOW COLOUR.

245. Prepare two glasses of very dilute nitrate of copper j

into one drop a little liquid amuKinia, and into the other some

diluted ar.seniate of potass. The addition of these two co/owr-

less solutions will produce very different effects; tor the one

glass will have an abundant precipitate of a beautitul GRASS

GREEN, and the other a precipitate of a brilliant SAPPHIRE

BLUE.

To read or practise the foregoing experiments merely for the

sake of amusement, may occasionally have its advantages;

but a resolution to repeat them, and examine all the pheno-

mena, for the sole purpose of receiving instruction, is what
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the author would principally inculcate. Let it never be forgot-
ten, that no effect, however extraordinary, or even trivial, it

may appear to us, can ever happen but in consequence of some,
previously established law of unerring nature. The following

apostrophe of Dr, Darwin to the Fountain of all Goodness,
may possibly tend to impress this important truth upon the stq-

dent’s mind ;

—

“ Thus, at thy potent nod, effect and cause

Walk liand in hand, accordant to thy laws;

Kise at Volition’s call, in groups combin’d.

Amuse, delight, instruct and serve mankind.’^'
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OF

CHEMICAL TERMS.

Acetates. Salts formed by the combination of any base

with the acetic acid. See page 27g.
ACIDS, afor the nature of acids see page 200.

oocygenized. Acids combined with an additional quan-
tity of o'cygen, for particular purposes. The oxygeni-
zed muriatic acid used in bleaching is an instance, of
this super-oxygenizement. See page 222.
hyptroxi/genized. Acids which are oxygenized to a
maximum. See page 207.

ACIDULES. A term applied to the natural combination of
some acids with a portion of potash. The oxalic acid
and the tartaiic are the only acids tliat have hitherto
been found in this state of semi-saturation. See nao-e

201 .

^ “

AERIFORM Fluid substances combined with an ad-
ditional portion of caloric sufficient to give them tha
gaseous form. See gas.

AFFIIMl A, chemical. A term used to express that peculiar
propensity which diflerent species of matter have to^

unite with each other^ or with portions of matter of
their own species. See chap. 13.

cf aggregatmi. A force by which two bodies of
the suine kind tend to unite, and by which an aggre-
gate is termed without the chemical properties of tho .

substances being at all changed. See page 472.— of composition. A force by which substances of
different kinds unite, and by which matter is formed
whose properties are diflerent from those of the bodies

before their combination This attraction is stronger in

proportion as the nature of the bodies is different, be-
tween which it is exerted. See page 475 .

aggregates. Substances whose parts are united by co-
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Iicsive, and not by chemical attraction. See Affinity of
aggregation. See page 470.

ALBUM KN. ‘iiie modern name for coagulable lymph. It

is that peculiar animal substance whicli forms the serum
of the blood, the white of eggs, and other compounds.

ALCOHOL. Rectified spirit of wine. When good, its spe-

citic gravity is only O.S30. See page 348.

ALEMBIC. I'he term formerly given to the still used by

chemists for their distillations.

ALKALIES. Peculiar substances which have an urinous,

burning, and caustic taste, and a strong tendency to

combination. When united with acids they form mild

alkaline salts. Seepage 179 .

ALLOYS. A combination of any two metals, except mer-

cury, is called an alloy. Thus gold is alloyed either

with silver or copper, for the purposes of coinage.

ALLUVIAL. By alluvial depositions is meant the soil which

has been formed by the destruction of the mountains,

and the washing down of their particles by torrents of

water. See page 300. •

AMALGAM. A combination or mixture of mercury with

anv other metal, is called an amalgam.

AMMONIACALsa//s. Salts formed with ammonia, or vo-

latile alkali. See page 201

.

ANALYSIS. The resolution of a substance into its constitu-

ent parts, for the purpose of examination. See page

28.

ANNEALING. The art of rendering substances tough

which are naturally hard and brittle. Glass and iron,

are annealed by gradual coofingj brass and copper

by beating, and then suddenly plunging them in cold

water.

APPARATUS, chemical. This term is descriptive of all the

utensils made use of in a chemical laboratory. The

principal are stills, furnaces, crucibles, retorts, receiv-

ers, matrasses, worm tubs, pneumatic troughs, tlier-

mometers, &c.

AREOMETER. A gi-aduated glass instrument with a bulb,

by which the specific gravity of liquids is ascertained.

Baume’s areometer is that which is chiefly referred to

when the French writers speak of tliis instrument.

See table page 53/.

ARGILLACEOUS. A term descriptive of those earths

which contain alumiue or clay.

AROMA. A term used for the odour which arises from cer-

tain vegetables, or their infusions.
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ARSENIATES. Salts formed by the combination of any base
with the acid of arsenic. See page 2/7-

ATMOSPHERES. We.nse tliis term to express the degree
of additional pressure given to fluids. Thus, if, in or-
der to impregnate water with any of the gases, I give
it a pressure of islbs. upon every square inch of sur-
face, I am said to give it one atmosphere

j
if 30lbs. two

atmospheres, &c. &c. See page 63,
ATTRACTION. Chemical attraction is a term synonymous

with affinity ; which see.

AZOTE. A name given by the French chemists to nitrogen,
to which, being the most proper, the reader is referred.

B
BALLOON. A term given by the French to their spherical

chemical receivers.

B.ALSAMS. Certain aromatic resinous substances, which are
obtained from some trees by incisions. Of this kind

' are the Canada balsam, the balsam of Copaiva, the bal-
sam of Tolu, &c.

BAROMETER, An instmment wdiich shows the variation
of the pressure of the atmosphere, by the rise or fall

ot a column of mercury in a graduated glass tube.
See note page 46.

B.ASE. A chemical term, usually applied to denote the earth,
the alkali, or the metal which is combined with an acid
to forra-a salt.

baths. Vessels for distillation or digestion, contrived to
transmit heat gradual! \' and regularly,

sand. Vessels filled in part with dry sand, in which
those retorts are placed which require a greater heat
^an can be given by boiling water. In large works
iron plates are used instead ot vessels of capacity. They
are often called sa?id-hi nis.

m water. Vessels of boiling water, in wdiich other
vessels containing tiie matters to be distilled or digested
are placed, in order that the same heat may be kept up
throughout tne whole of any particular process.

BENZOATES. Salts formed by the combination of any base
with the benzoic acid.

BITFERN. The mother-ljquor which remains after the cry-
stallization of muriate of soda (sea salt).' It generally
contains sulphate of magnesia, and a small portion of
sulphate of .soda.

BITUMEN. A generic term, applied to a variety of fossil

inHaminable substances. See notes, page 328.
BLOW-PIPE. An instrument to increase and direct the flame
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of a lamp for the analysis of minerals, and for other

chemical purposes,

BOLT-FIEAD. A round chemical vessel with a long neck,

usually employed for digestions. It is also called a

matrass,

BORATES. Salts formed by the combination of any base

with the acid of borax. See page 2/(5.

BUTTON. A name given to the small round piece of metal

which is found at the bottom of a crucible after a me-

tallic ore or an oxide of metal has been reduced.

C.

CALCAREOUS. A chemical term formerly applied to de-

scribe chalk, marble, and all otlier combinations of

lime with carbonic acid. See page l63.

CALCINATIOM. The application of heat to saline, me-

tallic, or other substances; so regulated as to deprive

them of moisture, &c., and yet preserve them in a pul-

verulent form.

CALORIC. The chemical term for the matter of heat.

free. Is caloric in a separate state, or, if attached

to other substances, not chemically united witli tlrem.

See page 93.

latent. Is the terra made use of to express triat

portion of caloric which is chemically united to any

substance, so as to become a part of the said substance.

See page t)4. ...
CALORIMEIER, An instrument for ascertaining the quan-

tity of caloric disengaged from any substance that may

be the object of experiment. See page 100.

CALX. An old term made use of to describe a metallic

oxide.
. .

CAMPHORATES. Salts formed by the combination of any

base with the camphoric acid. See page 280,

CAPILLARY. A term uaually applied to tlie rise of the sap

in vetetables, or the rise of any fluid m very small tubes

;

owing to a peculiar kind of attraction, called capillary

attraction.

CAPSULES. Are small saucers of clay for roasting sarn-

ples of ores, and for smelting tliem to ascertain their

CAPUT-MORTUUM. A term signifying dead-head, being

that which remains in a retort after distillation to dry-

ness. See residuum, which is the modern term.

CARBON. The basis of charcoal. See page 320,

CARBONATES. Salts formed by the combination of any

' base with carbonic acid. See page 37L
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CARBURETS. Compound substances, of "which carbon
forms one of the constituent parts. Thus jdumbago,
which is composed of carbon and iron, is called carbu-
ret of iron. See page 33/.

CAUSTICITY. That quality in certain substances by which
they burn or corrode animal bodies to which they ar»

applied. It is best explained by the doctrine of che-
mical affinity. See note f, page ISO.

CEMENTATION. A process by w'hich metals are purified

or changed in their qualities by heat, without fusion,

by means of a composition, called a cement, with
which they are covered. Thus iron, by being kept a
long time in a certain degree of heat, surrounded by
charcoal powder, is converged into steel.

CHALYBEATE. A term descriptive of those mineral waters
which are impregnated with iron. See MarLial.

CHARCOAL. Wood burnt in close vessels: it is an oxide
of earbon, and generally contains a small portion of
salts and earth. Its carbonaceous matter may be con-
verted by combustion into carbonic acid gas. See page
321.

CHATOYANT. A term much used lately by the French
chemists to describe a property in some metallic and
other substances, of varying their colours according to

the way in which they are held
5

as is the case with the
feathers of some birds, which appear very different

when seen in different positions.

CHERT. A term made use of in describing a species of sili-

ceous stones, which are coarser and softer than the
common silex. It is often found in large masses in

quarries of limestone.

CHROMATES. Salts formed by the combination of any
base with the chromic acid. See page 235.

CITRATES. Salts formed by the combination of any base
with citric acid. See page 281.

COAL. A term applied to the residuum of any dry distilla-

tion of animal or vegetable matters. See page 32/.
COHESION. A force inherent in all the particles of all sub^

stances, excepting light and caloric, w'hich prevents
bodies from falling in pieces. See Affinity.

COHOBATION. When a distilled fluid is poured again

upon the matter from which it was distilled, in order
to make it stronger, it is called cohobation, Jt is not
much practised by modern chemists.

COLUMBATES. Saks formed by (he combination of any
>lase with the columbic acid. See page 24^.

COMBINATION. A term e.xpressive of a true chemical
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union of two or more substances; in opposition to mere
nieclianical mixture.

COMBUSTIBLES. Certain substances which are capable of
combining more or less rapidly with oxygen. They
are divided by chemists into simple and compound
combustibles. See page 452.

COhlBUSTION. The act of absorirtion of oxygen by com-
bustible bodies from atmospheric or vital air. The
word decombustion is sometimes used by the French

writers to signify the oppositeoperation. See page 451

.

COMMINUTION. The reduction of hard bodies into small

particles. By this process the heaviest substances may
be made fo float in the lightest fluids.

CONCENTRATION. The act of increasing the .specific

gravity of bodies. The term is usually applied to fluids

which are rendered stronger by evaporating a portion of

the water which they contain.

condensation. The act of bringing the component parts

of vapour, or gas, nearer together by jrressure, or by

cold. Thus atmospheric air may be condensed by pres-

sure, and atpieous vapour by the subtraction of caloric,

till it is converted into water.

CRUCIBLES. Vessels of indispensable use in chemistry in

the various operations of fusion by. heat. They are

made of baked earth, or metal, in the form of an in-

verted cone.

CRYSTALLIZATION. An operation of nature, in which

various earths, salts, and metallic substances, pass from

a fluid to a solid state, assuming certain determinate

geometrical figures. See page 284.

water of. That portion which is

combined with salts in the act of crystallizing, and ba«.

comes a cowponent part of the said saline substances.

See page 288.

CUPEL. A vessel made of calcined bones, mixed with a

small preportien of clay and water. It is used W'hen-

ever gold and silver are refined by melting them with

lead. The process is called cupellation.

D.

DECOMBUSTION. Synonymous with deoxidizement; which

see.

DECOMPOSITION. The separation of the constituent prin-

ciples of compound bodies by chemical means.

DECREPITATION. The sudden decomposition of salts,

attended with a crackling noise when tlu’own into a red-

hot crucible, or on an open fire*
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DEFLAGRATION. The vivid combustion that is produced
^vbenever nitre, mixed vviih an inflammable substance,

is exposed to a red heat. It may be attributed to tlie ex-

trication of oxygen fi'om the nitre, and its being trans-

ferred to the inflammable body; as any of the nitrates

or oxygenized muriates will produce the same eflFect.

DELITE. A term used by some of the French writers, sig-

nifying to break, by the action of the air, like a soft

stone into layers. See Annales de Chimie, tom. xix. 7g.
DELIQUESCENCE of solid saline ladies, signifies their be-

coming moist, or liquid, by means of water which they

absorb from the atmosphere in consequence of their

great attraction for that fluid. See page 28g.
DELIQQIUM. Is the state of potash, or any deliquescent

salt, when it has so far deliquesced by exposure to tlie

air as to have become a liquid.

DEOXIDIZE, (formerly deoxidate). To deprive a body of
oxygen.

DEOXIDIZEMENT. A term made use of by some writers

to express that operation by which one substance de-

prives another substance of its oxygen. It is called uu-
burning a body by the French chemists.

DEPHLEGMATION. Is the act of separating the water
from chemical liquors.

DEPURATION. The purging or separating any liquid in a
state of purity I'rom its fajces or lees.

DETONATION. Ancxplosionwithnoi.se. It is most com-
monly applied to the exiflosion of nitre when thrown
upon heated charcoal. See note f ,

page 208.

DIGESTION. The effect produced by the continued soak-^

ing of a solid substance in a liquid, with the application

of heat.

DIGESTOR Papin s. An apparatus for reducing animal or

vegetable substances to a pulp or gel'.y expeditiously.

DISTILLATION. A process for separating the volatile parts

of a substance from the more fixed, and presemug
them both in a state of separation.

DOCIMASTIC ART. The art of assaying metals.

DUCTILITY. A quality of certain bodies, in consequence

of which they may be drawn out to a certain length

without fracture. See page 351.

DULCIFICATION. The combination of mineral acids with

alcohol. Thus we have dulcifipd spirit of nitre, dulci-

fied spirit of vitriol, &c.

E
EDULCORATION. Expressive of the purification of a sub-

stance by washing with water. ^
.
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EFFERVESCENCE. An intestine motion which takes place
in certain bodies, occasioned by the sudden escape of a
gaseous substance,

EFFLORESCENCE. A term commonly applied to those.

saline crystals which become pulverulent on exposure

to the air, in consequence of the loss of a part of the
water of crystallization. See page 28Q.

ELASTICITY. A force in bodies, by which they endeavour

to restore themselves to the posture from whence they
were displaced by an)’ external force. See page 52.

ELASTIC FLUIDS. A name sometimes given to vapours

and gases. Vapour is called an elastic fluid
j

gas, a

permanently clastic fluid.

ELECTIVE ATTRACTIONS. A term used by Bergman
and others to designate what we now express by the

v'ords chemierd ; which see. When chemists

flrst observed the power which one compound substance

has to decompose another, it was imagined that the

minute particles of some bodies had a preference for

some other particular bodies; hence this property of
matter acquired the tenn elective attraction. See chap-

ter 13.

ELEMENTS. The simple, constituent parts of bodies, which
are incapable of decomposition; they are frequently

called priirciples. See “ Simple Substances.”

ELIQUATION. An operation whepeby one substance is se-

parated from another by fusion. It consists in giving

the mass a degree of heat that will make tlie more fu-

sible matter flow, and not the other.

ELUTRIATION. The operation of pulverizing metallic ores

or other substances, and then mixing them with rvater,

so that the lighter parts which are capable of suspen.-

sion may be poured off, and thus separated from the

grosser particles. The metallic substances which are

reduced to an impalpable pou’der are prepared by this

process.

EMPYREUMA. A peculiar and indescribably disagreeable

smell, arising from the burning of animal and vegeta-

ble matter in close vessels.

EOLIPILE. A copper vessel with a small orifice, and partly

filled with water. It is made hot, in order that the va-

pour of the w’ater may rush out with violence, and

carry a stream of air with it to increase the intensity of

fires. It is an instrument of great antiquity.

ESSENCES. What are called essences, in chemistry and

pharmacy, are the essential oils obtained by distillatioa

Irom odonfetpus vegetable substances.

1

I

I
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ESSENTIAL SALTS. The saline substances found in plants;
and which are held in solution by the water wherein
they are infused. They are obtained by evaporation
and cooling.

ethers. Volatile liquids formed by the distillation of some
of the acids with alcohol.

EVAPORaIION. The conversion of fluids into vapour by
heat, I'his appears to be nothing more than a gra-
dual solution of the aqueous particles in atmospheric
air, owing to the chemical attraction of the latter for
w-ater.

EUDIOMETER. An instrument invented by Dr. Priestley
for determining the purity of any given portion of at-
mospheric air. The science of investigating the dif-
ferent kinds of gases is called eudiometry.

Expression, a term used in pharmacy, denoting the act
ot forcing out the juices and oils of jkants by means of
a press. By a similar term the expressed are distin-
guished from the essential oils,

exsiccation. The act of drying moist bodies. It is

etfected in two ways; by exhaling the aqueous parti-
cles by the application of heat Of atraosjiheric air, and
by absorbing the moisture with soft and spongy sub-
stances. Thus, small matters a?e dried by chemists
with bibulous paper

;
and larger masses, by spreading

them on tablets of chalk.

extracts. The soluble parts of vegetable substances,
first dissolved in spirit or water, and then reduced tot

the consistence of a thick syrqp, or paste, by evapo-
ration.

F.

Eat. An oily concrete animal substance, composed of oil,

sebacic acid, and carbon.

FERMENTATION. A peculiar spontaneous motion, tvhich
takes place in all vegetable matter when exposed for a
certain time to a proper degree of temperature. For
the changes which are effected by saccharine fermenta-
tion, see page f40'.

FIBRINE. That white fibrous substance which is left after

freely washing the coagulum of the blood, and which
chiefly composes the muscutar fibre.

FILTRA'P'ON A chemical jn'ocess for the depuration of
liquid substances. B bulous paper supported by a fun-
nel is commonly made use of; but tor dear and ex-
petifiive liquors chemists generally use a little carded
cotton lightly pressed into the tube of a glass fupnel.

2 Q
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The valuable concentrated acids should be filtered

through pounded glass.

FIXITY, A term applicable to that property of some bodies

of bearing a great heat without being volatilized.

FLOWERS. In chemical language are solid dry substances

reduced to a powder by sublimation. Thus we have

flowers of arsenic, of sal ammoniac, of sulphur, &c.

which are arsenic, sal ammoniac, and sulphur unaltered

except in appearance,

FLUATES. Salts formed by the combination of any base

with fluoric acid. See page 275.

FLUIDITY. A term applied to all liquid substances. Solids

are converted to fluids by combining with a certain por-

tion of caloric. See page 31.

FLUX, a substance which is mixed with metallic ores, or

other bodies, to promote their fusion; as an alkali is

mixed with silex, in order to form glass.

FOSSity. See Mineral, with which it is synonymous.

FULIGINOUS. A term sometimes made use of in descri-

bing certain vapours which arise in chemical operations,

having the thick appearance of smoke.

FULMINATION. Thundering, or explosion with noise.

We have fulminating silver, fulminating gold, and

other fulminating powders, which explode with a loud

report by friction, or when slightly heated. See page

3/4.

FURNACES. Chemical vessels of various forms for the fu-

sion of ores, or other operations which require heat,

blast. Are built for making iron, smelting

ores, &c. They are so contrived that their heat is much
increased by means of powerful bellows. A black-

smith’s forge is a kind of blast furnace,

wind. Chemical furnaces for intense heat, so

,
constructed that they draw with great force, without

the use of bellovv^s.

FUSION. The state of a body which was solid in the tein-

perature of the atmosphere, and is now rendered fluid

by the artificial application of heat.

G,

GALLATES. Salts formed by the combination of any base

with gallic acid. See page 242.

GALVANISM. A new science which offers a variety of

phaenomena, resulting from different Conductors of

electricity placed in different circumstances of con-

tact
;

particularly the nerves of the animal body. See

page 01.
'
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GANGUE. A term made use of to denote the stony matter
which fills the cavities, and accompanies the ores in the
veins of metals.

GAS. All solid substances when converted into permanently
elastic fluids by caloric are called gases. See page 6g.

GASEOUS. Having tire nature and properties of gas.

GASOMEtER. A name given to a variety of utensils and
apparatus contrived to measure, collect, preserve, or
mix the different gases. An apparatus of this kind is

also used for the purposes of administering pneumatic
medicines.

GASOMETRY. The science of measuring the gases. It
likewise teaches the nature and properties of these elas-

tic fluids.

GELATINE. A chemical term for animal gelly. It exists

particularly in the tendons and the skin of animals.
GLASS. Some metallic Oxides when fused are called glass.

They have somewhat of resemblance to common glass.

phosphoric. A vitreous, insipid, insoluble substance,
procured by boiling down phosphoric acid to a syrup,
and then fusing it by an increased heat.

• gall. See Sandiver.

GLUTEN. A vegetable substance somewhat similar to ani-
mal gelatine. It is the gluten in wheat-flour which
gives it the property of making good bread, and adhe-
sive paste. Other grain contains a much less quantity
of this nutritious substance.

GRADUATION. A process, by evaporation, of bringing
fluids to a certain degree of consistence, in order to

separate more easily the substances they hold in solu-
tion.

• . The division of a scale or measure into
decimal, or other regular, parts.

GRAIN. The smallest weight made use of by chemical
writers. Twenty grains make a scrupie

; 3 scruples a
drachm

;
8 drachms, or 480 grains, make an ounce,-

12 ounces, or 576O grains, a pound troy. The aver-

dupois pound contains 70OO grains.

GRANULATION. The operation of pouring a melted metal
into water, in order to divide it into small particles for

chemical purposes. Tin is thus granulated by the dyers
before it is dissolved in the proper acid.

GRAVITY. I'hat property by which bodies move towards
each other, in proportion to their respective quantities

of matter. This is the property by which bodies fall

to the earth. See chapter 13.

specific. This differs from absolute gravity in as
' 2 q2
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much as it is the weight of a given measure of any

solid or fluid body, compared with the sa?>ie measure of

distilled water. It is generally expressed by decimals.

See page 36.

GUMS. Mucilaginous exudations from certain trees. Gum
consists of lime, carbon, oxygen, hydrogen, and nitro-

gen, with a little phosphoric acid.

H.

HF.AT matter of. See Caloric.

HEPAR. The name formerly given to the combination of

sulphur with alkali. It is now called sulphuret of po-

tass, &c., as the case may be.

HEPATIC gas. The old name for .sulphuretted hydrogen,

HERMETICALLY. A term applied to the closing of the

orifice of a glass tube, so as to render it air-tight. Her-

mes, or Mercury, was formerly supposed to have been

the inventor of chemistry ;
hence a tube which was

closed for chemical purposes, was said to be Hermeti-

cally or chemically sealed. It is usually done by melt-

ing the end of the tube by means of a blow-pipe.
_

hydrogen, a simple substance; one of the constituent

parts of water. See page 305.

gas. Solid hydrogen united with a large por-

tion of caloric. It is the lightest of all the known gases.

It is used on this account to inflate balloons. It was

I'ormerly called inflammable air.

HYDRO-CARBONATES. Combinations of carbon with

hydrogen are described by this term. Hydro-carbonate

gas is procured from moistened charcoal by distillation.

See page 31 1.

HY'DROGENIZED sulphurets. Certain bases combined with

•sulphuretted hydrogen,

HYDRt^-OXlDES. Metallic oxides combined with w'ater.

HYDROMEl'ERS. Instruments for ascertaining the specific

gravity of spirituous liquors or other fluids.

HYGROMETERS.^ Instruments for ascertaining tlie degree

of moisture in atmospheric air.

HYPEROXY^GENIZED. A term applied to substances which

are combined with the largest possible quantity of oxy- •

gen. We have muriatic acid, oxygenized muriatic

acid, and hyperoxygenized muriatic acid. The latter

can be exhibited only in combination. See page 267.
, ^

/

I.

INCINERATION. The burning of vegetables for the sake
,
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of their ashes. It is usually applied to the burning of
kelp on tlie coasts for making mineral alkali.

INFLAMMATION. A phsenomenon which takes place on
mixing certain substances. The mixture of oil of tur-

pentine with strong nitrous acid is an instance of this

peculiar chemical effect.

INFUSION. A simple operation to procure the salts, juices,

and other virtues of vegetables by means of water.

INSOLATION. A term sometimes made use of to denote

that exposure to the sun which is made in order to

promote the chemical action of one substance upon
another.

INTEGRANT particles. See note *, page 302.

INTERMEDIATES. A term made use of when speaking

of chemical affinity. Oil, for example, has no affinity

to water unless it be previously combined with an al-

kali
j it then becomes soap, and the alkali is said to be

the intennedium which occasions the union.
;

K.

KALI. A genus of marine plants which is burnt to procure

mineral alkali by afterwards lixiviating the ashes. See

page 184.

L.

LABORATORY. A room fitted up with apparatus for the

performance of chemical operations.

LACTATES. Salts formed by the combination of any base

with lactic acid. See page 242.

LAKES. Certain colours made by combining the colouring

matter of cochineal, or of certain vegetables, with pure

aluraine, or with oxide of tin, zinc, &c.

LAMP ARGAND’S. a kind of lamp yiuch used for che-

mical experiments. It is made on the principle of a

wind furnace, and thus produces a great degree of light

and heat without smoke.

LENS. A glass, convex on both sides, for concentrating

the rays of the sun. It is employed by chemists in

fusing refractory substance.s which cannot b.i operated

upon by an ordinary degree of heat. See note, page

112 .

LEVIGATION. The grinding down of hard substances to

an impalpable powder on a stone with a mulier, or in

a mill adapted to the purpose.

LIQUEFACTION. The change of a solid to the state of a
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fluid, occasioned by the combination of caloric. See
page 32.

LITHARGE. An oxide o^" lead which apjiears in a state of
vitrification. It is foimed in the process of separating

silver from lead. See note §, page 3gg.
LIXIVIAl ION. The solution of an alkali or a .salt In

water, or in some other fluid, in order to form a

lixivium.

LIXIVIUM. A fluid impregnated with an alkali or with a

salt.

LUTE, A composition for closing the junctures of chemical

vessels to prevent the escape of gas or vapour in di-

stillation. See Additional Notes, No. 34.

M.

MACERATION. The steeping of a solid body in a fluid

in order to soften it, without impregnating the fluid.

MALATES. Salts formed by the combination of any base

with malic acid. See page 241

.

MALLEABILITY, That property of metals which give^

them the capacity of being extended and flattened by

hammering. It is probably occasioned by latent caloric.

See page 351,

MARTIAL, An old term for chemical preparations of iron.

See Chalybeate.

MASSICOT. A name given to tire yelloiv oxide of lead, as

minium is applied to the red oxide,

MATRASS. Another name for a bolt-head ;
which see.

MATRIX. The bed in which a metallic ore is found. See

page 351.

MATT. That mass of metal which separates from the scoriae

in smelting ores without previous roasting,

MENSTRUUM. The fluid in which a solid body is dis-

solved. Thus water is a menstruum for salts, gums,

&c., and spirit of wine for resins.

METALLIC OXIDES. Metals combined with oxygen.

By this process they are generally reduced to a j>ul-

verulent form
5

are changed from combustible to in-

combustible substances; and receive the property of

being soluble in acids. See page 440.

METALLURGY, The art of extracting and purifving me-

tals. See page 352.

MINERAL. Any natural substance of a metallic, eartliy, or

saline nature, whether simple or compound, is deemed

a mineral.

3
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MINEKALIZEE.S. Those substances wlrch a“e combined

with metals in their ores
;
such are sulphur, arsenic,

oxygen, airbonic acid, &c. See page 352.

MINERALOGY. The science of fossils and minerals.

MINERAL WATERS. Waters which hold som? metal,

earth, or salt, in solation. They are frequently termed

Medicinal Waters.

MINIUM. The red oxide of lead. See note page 435.

MOLECULE. The molecules of bodies are those ultimate

parades of matter which cannot be decomposed by any

chemical means. See page 302.

MOLYBDATES. Salts formed by the combination ot any

base with the molybdic acid. See page 23.5.

MORDANTS Sub.stances which have a chemical alhnily

for particular colours ;
-they are employed by dyers as a

bond to unite the colour with the cloth intended to be

dyed. See page 10.

MOTHER-WATERS, or Mothers. The liquors which aie

left after tlie crystallization of any salts. See page

MUCILAGE A glutinous matter obtained from vegetables,

transparent and tasteless, soluble in water, but not m.

spirit of wine. It chiefly consists of carbon and hy-

drogen, with a little oxygen.
. .

'
,

'

MUCITES. Salts formed by the combination of any base

with the mucous acid. Seepage 243.

MUFFLE. A semi-cylindrical utensil, resembling the tilt ot

a boat, made of baked clay
5

its use is that ot a cover

to cupels in the assay furnace, to prevent the charcoal

from falling upon the metal, or whatever is tire subject

of experiment. . . r u
MURIATES. Salts formed by the combination of any base

with muriatic acid. See page 265.

N,

NATRON. One of the names for mineral alkali, or soda.

NEUTRALIZE. When two or more substances mutually

disguise each others properties, they are said to neu-

tralize one another.
, , , . c

NEUTRAL SALT. A substance formed by the uinon ot

an acid with an alkali, an earth, or a metallic oxide, in

such proportions as to saturate both the base and the

nitrates. Salts formed by the combination of any base

with nitric acid. See page 269.

NJTJIOGEN. a simple substance, by the French chemrsls
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called azote. It enters into a variety of compounds,
and forms more than three parts in four of atmosuherio
air. See page 74.

^

O.
OCHRES. Various combinations of the earths with oxide

or carbonate, of iron.
'*

OIL. A fluid substance well known. It is composed of hy-
drogen, oxygen, and carbcjii..

ORES. Metallic earths, which frequently contain several exr

nv A T
matters

;
such as sulphur, arsenic, &c.

ALAlEti. Salts formed by the combination of any base
with oxalic acid. See page 279.

OXIDE. Any substance combined with oxygen, in a pro-

without producing acidity.OXlDlioEMEM. I he operation by which any substance is
conibined with oxygen, in a degree not sufficient to
produce acidity. '

0X1 gen. A simple substance composing the greatest part
of water, and part of atmospheric air. fSee pa<^es 73
and 43].}

v t d /->

‘
: Oxygen converted to a gaseous state by
caloric. It is also called vital air. It forms nearly
one-fourth of atmospheric air.

OXIGENIZE. To acidify a substance by o.xygen. Syno-
nymous with Oxygenate.

OXYGENIZaBLE. a term applicable to all bodies that
combine with .oxygen, and do not emit flame during
the combination.

OXYGENIZEMEXT. The production of acidity by oxy-
gen. See page 307.

P.

PARTING. The operation of separating gold from silver
by means of nitrous acid, and other mediums. See
page 20.

PELICAN. A glass alembic, with a tubulated capital, from
which tw'o opposite and crooked arms pass out, and
enter again at the swell of the vessel. .'I he instrument
is designed for operations of cohobaiion, and is cal-
culated to save the trouble of frequently luting and un-
luting the apparatus. It is now .seldom used.

PELLICLE. A thin skin which forins on the surface of sa-
line solutions and other liijuqrs, when boiled down to
a ( ertain strength.
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PHLOGISTON. An old chemical name for an itnaginaty

substance, supposed to be a combination of lire with

some other matter, and a constituent part of all inflam-

mable bodies, and of many other substances.

PHOSPHATES. Salts formed by the combination of any base

with phosphoric acid. See page 272.

PHOSPHITES. Salts formed by the combination of any base

with phosphorous acid. See. page 274.

PHOSPHUKETS. Substances formed by an union with

phosphorus. Thus we have phosphuret of lime, phos-

phuretted hydrogen, &c. See page 320.

PLUMBAGO. Carburet of iron, or the hlack-lead of com-

merce. See page 337*

PNEUMATIC. Any tiring relating to the airs and gases.

trough. A vessel fllled in part wdth water

or mercury, for the purpose of collecting gases, so

that they may be readily removed from one vessel to

another. See note, page 70.

PRECI PUPATE. Any matter which, having been dissolved

in a fluid, falls, to the bottom of the vessel on the ad-

dition of some other substance capable of producing a

decomposition of the compound, in consequence of its

attraction either for the menstruum, or for tlie matter

which was before held in solution.

PRECIPITATION. That chemical process by which bodies

dissolved, mixed, or suspended in a fluid, are separated

from that fluid, and made to gravitate to the bottom

of the vessel.

PRINCIPLES OF BODIES. Synonymous. with Elements}

which see.

PRUSSIA'l'ES. Salts formed by the combination of any base

with prussic acid. See page 283.

PUTREFACTION. The last fermeittative process of na-

ture, by which organized bodies are decomposed so as

to separate their principles, for the purpose of reuniting

them by future attractiotis, in the production of new

compositions.

PYRITES. An abundant mineral found on the English

coasts, and elsewhere. Some are sulphuvets of iron,

and others suiphurets of copper, with a portion of

aluraiiie and silex. The flrrmer are worked for the

sake of tlie .sulphur, ai\d the latter for sulphur and

copper. They are also called Marcasites and Fire-

stone.

martial. That species of pyrites which contains

iron for its basis. See a full account of these minerals

in Henckel’s Pyrilologia.
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PYROMETER, -An instrument invented by Mr. Wedgwood
for ascertaining the degrees of heat in furnaces and in-
tense fires. See Philosophical Transactions^ vols. Ixi;.

and Ixiv. and Chemical Catch, page 102.
PYROPHORI, Compound substances which heat of them-

selves, and take fire on the admission of atmospheric
air. See an account of a variety ot experiments
with these compositions in Wiegleb’s Chemistry,
page 622, &c,

Q.

QUARTATION. A term used by refiners in a certain

operation of parting. See Lewis’s Com. I’ech, and
page 20.

QUARTZ. A name given to a variety of siliceous earths,

mixed with a small portion of lime or alumine. Mr.
Kirwan coniines the term to the purer kind of silex.

Rock crystal and the amethyst are species of quartz.

R.

RADICALS. A chemical term for the of bodies;

. which see.

M compound. When the base of an acid is

composed of two or more substances, it is said that

the acid is formed of a compound radical. The sul-

• phuric acid is formed with a simple radical
j

but the

vegetable acids w’hich have radicals composed of hydro-

; gen and carbon are said to be acids with compound
radicals.

' REAGENTS. Substances which are added to mineral w'ar

ters or other liquids as tests to discover their nature and

composition. • See Test.

RE.ALGAR. Red sulphuretted oxide of arsenic.

RECEIVERS. Globular glass vessels adapted to retorts for

the purpose of preserving and condensing the volatile

matter raised in distillation.

RECTIFICATION. Is nothing more than the re-distilling

a liquid to render it more pure, or more concentrated,

by abstracting only a part.

REDUCTION, The restoration of metallic oxides to their

original state of metals; which is usually effected by
means of charcoal and fluxes. See page 442.

REFINING. The process of .separating the perfect metals
' from other metallic substances, by what is called cupel-

lation. See page 44 I

.

REFR.\CTORY. A term applied to eartlis or metals tliat are
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.either infusible, or that require an extraordinary degree

of heat to change or melt them.

REFRIGERATORY. A contrivance of any kind, which, by

containing cold water, aohwers tiie purpose of condens-

ing the vapour or gas that arises in distillation. A
worm-tub is a refrigeratory.

REGISTERS. Openings in chimneys, or other parts of che-

mical furnaces, with sliding doors, to regulate the qu.^n-

tity of atmospheric air admitted to the tire-piace, or

to'open or shut tire communication with the chimney

at pleasure.

REGULUS. In its chemical acceptation, signifies a pure

metallic substance, freed from all extraneous matters.

REPULSION. A principle whereby the particle.s of bodies

are prevented from coming into actual contact It is

thought to be owing to laloric, which has been called

the repulsive power. See chap. 13.

RESIDUUM What is left in a pot or retort after the more

valuable part has been drawn off. Thus tlie sulphate

of potass which remains in the pot after the distillation

of nitrous acid is called the residuum It is sometimes

called the caput mortuum

RESINS. V’’egetable juices concreted by evaporation either

spontaneously, or by lire. Their characteristic is solu-

bility in alcohol, and not in water. It .seems that they

owe dieir solidity chiefly to their union with oxygen.

RETORT, A vessel in the shape of a pear, with its neck

bent downwards, used in distillation
j

the extremity

of which necK tits into that of another bottle called a

receiver.

REVERBERATORY. An oven or furnace in which the

flame is confined by a dome which occasions it to be

beat down upon the flocr of the furnace before it

passes into the chimney. Some are so contrived that

it returns or reverberates upon the matter under

operation.

REVIVIFICATION. See Reduction, which is a synonymous

term : though ” reviviflcadon” is generally used when
speaking of quicksilver.

ROASTING. A preparative operation in metallurgy to dis-

sipate the sulphur, arsenic, &c., with which a metal

may be combined.

ROCK-CRYSTAL. Crystallized silex. See page 145.

S.

SACCOl-ATES, Salt.s formed by the combination of jny

base witli saccholactic acid. See page 243.
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SALIFIABLE BASES. All the metals, alkalies, and earths,
which are capable of combining with acids, and form-
ing salts, are called salifiable bases.

SALINE. Partaking of the properties of a salt.

SALTS neutral. A class of substances formed by the com-
bination to saturation of an acid witli an alkali, an
earth, or other salifiable base.

triple. Salts formed by the combination of an acid

with two bases or radicals. The tartrate of soda and
potass (Rochelle salt) is an instance of tins kind of
combination.

SAND lath.

J
SANDIVKR. A matter, composed of different salts, which

rises as a pellicle on the surface of the pots in which
glass is melted. It is' used as a flux in the fusion of ores,

and for other purposes. The term is probably a cor-

ruption of Sel de verre.”

SAP-COLOURS. A name given to various expressed vege-
table juices of a viscid nature, which are inspissated by
slow evaporation for the use of painters, &c.

;
sap-green,

gamboge, &c. are of this class.

SAPONACEOUS. A term applied to any substance which
is of the nature or appearance of soap. See page igO.

SATURATION. The act of impregnating a fluid with an-

other substance, till no more can be received or im-

bibed. A fluid which holds as much of any substance

as it can dissolve, is said to be saturated with that sub-

stance. A solid may in the same way be saturated

with a fluid.

SEBATES. Salts formed by the combination of any base

with sebacic acid. See page 248.

SELENITE. A salt exi<-ting in spring water, formed by sul-

phuric acid and lime. Its proper chemical name is

Sulphate of Lime. See note f, page 2Q4.

SEMI-METAL. A name formerly given to those metals

w'hich, if exposed to the fire, are neither malleable,

ductile, nor fixed. It is a term not used by modern

chemists.

SILICEOUS EARTHS. A term used to describe a variety

of natural substances which are composed chiefly of

silex
;

as quartz, flint, sand, &c.

SIMPLE SUBSTANCES. Synonymous with Elements

;

which see. See also page 302-

SMELTING. The operation of fusing ores for thepurpo.se

of separating the metals i|iey contain, from the sulpl)ur

and arsenic with which they are mineralized, and also

from other heterogeneous matter.
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SOLUBILITY. A characteristic of most salts. See Solution.

See also page 2C)0.

SOLUTION. The perfect union of a solid substance with

a fluid. Salts dissolved in water are proper examples

of solution.

SPARS. A name formerly given to various crystallized

stones; such as the fluor spar, the adamantine spar,

&c. These natural substances are now distinguished

by names which denote the nature of each.

SPECIFIC GRAVITY. See the word G?m%.
SPELTER. The commercial name of zinc.

SPIRIT. A term used by the early chemists to denote all

volatile fluids collected by distillation.

SPIRIT PROOF. A term made use of to describe such

ardent spirit's a's are of the same strength as tlie brandy

of commerce, or of the specific gravity of 0.g30, water

being 1.000.

STALACTITES. Certain concretions of calcareous earth

found suspended like icicles in caverns. They are

formed by the oozing of water, through the crevices,

charged with this kind of earth. See note X, page 144.

STEATITES. A kind of stone composed of silex, iron, and

magnesia. Also called French chalk, Spanish chalk,

and soap-rock. .
'

STRATIFICATION. A chemical operation by which bodies

are placed in a condition to act mutually upon each

other by being arranged layer by la)'er, stratum super

stratum, as is practised by metallurgists.

SUB-SALl’S. Salts with less acid than is sufficient to neu-

tralize their radicals. See page 201

,

SUBEPiATES. Salts formed by the combination of any base

with the suberic acid. See page 282.

SUBLIMATE. A name given to several mercurial pre-

parations.

SUBLIMATION. A process whereby certain volatile sub-

stances are raised by heat, and again condensed by
cold into a solid form. Flowers of sulphur are made
in this way. The soot of our comtuon fires is a fa*

miliar instance of this process. See Flowers.

SUCCIN ATES. Salts formed by the combination of any bas^

with the succinic acid. See page 245.

SUGAR A well known substance, found in a variety of ve-

getables, composed of oxygen, hydrogen, and carbon.

See page 332.

SULPHATES. Salts formed by the combination of any base

with the sulphuric acid See page 202.

SULPHll’ES. Sali.« formed by the combination of any base

with the sulphurous acid. See page 2o4,
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STJLFHURES, or SL/LPHURETS. Combinations of alk^^
lies, or metals, with sulphur. See page 307 .

SULPHURETTED. A substance is said to be sulphuretted
whei*it is combined with sulphur. Thus we say Sul-
phuretted hydrogen, &c.

SUPER-SAUI S. Salts with an excess of acid, as the super-
tartrate of potass. See page 261 .

SYNTHESIS. When a body is examined by dividing it into

its component parts> it is called analysis
; but when

we attempt to prove the nature of a substance by the
union of its principles, the operation is called synthesis.

SYPHON. A bent tube used by chemists for drawing liquids

from one vessel into another. It is sometimes called a
Crane.

T.
TARTRATES. Salts formed by the combination of any base

with the acid of tartar. See page 280.
TEMPERA! URE. The absolute quantity of free caloric

which is attached to any body occasions the degree of
temperature of that body. See page 102.

TENACITY. Is a term used when speaking of glutinous

bodies. It is also expressive of the adhesion of one
substance to another.

TEST. That part of a cupel which is impregnated with
litharge in the operation of refining lead. It is also

the name ot whatever is employed in chemical experi-

ments to detect the several ingredients of any compo-
sition. See lie-agent.

TEST-PAPERS. Papers impregnated with certain chemical
re-agents; such as litmus, turmeric, radish, &c. They
ai'e used to dip into fluids to ascertain by a change of
colours the presence of acids and alkalies.

TEIERMOMETER. An instrument to show tlie relative

heat of bodies. Fahrenheit’s thermometer is that

chiefly used in England. (See page 102.) Other ther-

mometers are used in difterent parts of Europe. For ,

the ditierence in the scale of these thermometers, se«

the Table at page 542.

TINCAL. '1 he commercial name of crude borax.

TINCTURES Solutions of substances in spirituous menstrua.

TOPrREFACTlON. An operation similar to Roasting;

which see.

TRITORIUM. A vessel used for the separation of two fluidi

which are of different densities. The same operatioix

may be performed by a common funnel.

TRITURATION. A chemical operation whereby substances

are united by friction. Amalgams are made by tliis

method.
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TUBULATED. Retorts which have a hole at the top for

inserting the materials to be operated upon, without

taking them out of the sand heat, are called tubulated

retorts.

TUNGSTATES. Salts formed by the combination of any

base'with tungstic acid. See page 278,

TUTENAG. An Indian name for zinc, Chinese copper

is also called by this name, which is a compound of

copper, tin, and arsenic, much resembling silver in

colour.

V.

VACUUM. A space unoccupied by matter. The term is

generally applied to the exhaustion of atmospheric air

by chemical or philosophical means.

VAPOUR. This term is used by chemists to denote such

exhalations only as can be condensed and rendered

liquid again at the ordinary atmospheric temperature,

in opposition to those which are permanently elastic.

VATS. Large chemical vessels, generally of wood, for

making infusions, &c.

VITAL AIR. Oxygen gas. The empyreal or fire-air of

Scheele, and the dephlogisticated air of Priestley,

VITRIFICATION. When solid substances have under-

gone very intense heat, so as to be fused thereby,

they frequently have an appearance resembling glass.

' They are then said to be vitrified, or to have undergone

vitrification.

VITRIOLS. A class of substances, either earthy or me-

tallic, which are combined wdth the vitriolic acid.

Thus there is vitriol of lime, vitriol of iron, vitriol of

copper, 8cc. These salts are now called Sulphates, be-

cause the acid which forms them is called sulphuric acid.

VITRTOLATED TARTAR. The old name for sulphate of

potass.

VOLATILE ALKALI. Another name for ammonia.

VOLATILE SALTS. The commercial name for carbonate

of ammonia. See page 200.

VOLATILITY, A property of some bodies which disposes

them to assume the gaseous state. This property

seems to be owing to their affinity for caloric.^

VOLUME. A term made use of by modern chemists to ex-

press the space occupied by gaseous or other bodies.

U.

UNION chemical. When a mere mi.xture of two or more

substances is made, they are said to be mechanically

united ;
but when ,eacb or either substance forms a



608 A VOCABULARY OF CtlE^tlCAL TERMS.

component part of the product, the substances have
termed a chemical union.

USTULAHON. The roasting of ores, to separate the
arsenic and sulpliur which mineralizes the metal. When
the matter is preserved which fiies olf, the process is

called sublimation
j
hut when this matter is neglected,

the operation is called ustulation,

W.
Water, The most common of all fluids, composed of 85

parts ot oxygen and 15 of hydrogen. See page 120.
mhieral. Walere which are impregnated witli

mineral and other substances are known by this appel-*

lation. These minerals are generally held in solution
by carbonic, .sulphuric, or muriatic acid.

WAY dry. A term used by chemical waiters wthen treating

.
ot analysis or decomposition. By decomposing in the
dry- way, is meant, by the agen&y of tire.

W'^AY humid. A term used in the same manner as the fore-»

going, but expressive of decomposition in a fluid state,
‘

. or by means of water, and chemical re-agents, or tests.

WELDlTviG HEAT. That degree of heat in which tw-o

pieces of iron or of plaiina may be united by ham-
mering.

W''OLFRAJVJ. An ore of tungsten containing also manga-
nese and iron.

W'ORM-1 UB. A chemical vessel wdth a pewder worm fixed

in the inside, and the intermediate space filled with
water. Its use is to cool liquors during distillation.

Se j Refrigeratory

.

W’^OULF E’s apparatus. A contrivance for distilling the

mineral acids and other gaseous substances with little

loss; being a train of receivers with safety pipes, and
connected together by tubes. For a full description of
tl lis most useful apparatus, see Philosophical Transao
tions for

Z.

Z.AFFR.E, An oxide of cobalt, mixed with a portion of

tiliceous matter. It is imported in this state from
Saxony.

ZERO. The point from w'bich the scale of a thermometer is

graduated. Thus Celsius’s and Reaumur's thermome-

ters have their zero at the freezing point, while the

thermometer of Fahrenheit has its zero at that point at

which it stands when immersed in a mixture of snow
and common salt. See Notes, page 103.
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A
Acarrazas, vessels for cool-

ing wine . .Ill
Acetate of iron, manufacture

of , 237
Acetates •

. 279
Acetous acid . 236
Acetic acid . 237
Acids . 206

how decomposed . 208—— how classed . 211
their formation 203. 254
their action on other '

substances . . . 249
their uses . . 250
medicinal uses . .251
enter into the composi-
tion of salts . . 256

existing in mountains 252
Adepts, ancient . . 429
.ffiolipile, ancient use of 456
Affinity, chemical 1 SO. 47 1 . 475

explained 475
• laws of ib.

simple . .477
compound . 478
disposing . ib.

quiescent . 479
divellent . . 480
study of the laws of ib.

tables of . .481
Berthollet’s elucida-

tion of . 482
examples of . 499

• same as the planetary
attractfon , 488

Agate . . . 145
instance of its forma-
tion . . ib.

Air . . .51
•— its action on salts . 289— inflammable , 1.80.305

vital . . . 84
fixed . . . 227— balloons . . 39

Air-gun . ; 52— bladder in fish . ib.
Airs factitious, medicinal use 73
Albumen . . . 58g
Alchemists . . 353
Alcohol . . 348

favours crystallization 289
Algaroth, powder of . 409
Alkali . . .179

phlogisticated . 2S3
Prussian , . jb.

-volatile . .196
Alkalies, sources of 182. 2©;?

^hovv purified . I915

how distinguished 187
quantities imported 194

cients . ] 82
uses of . 183
regeneration of .193
test for , . 183

Alum manufactories 21, I5l. 192
uses of . . 509

Alumine . .149
a test for . .

* 242
acetate of 151. 5l0
sulphate . , 264
sulphite

. . , ib.

fluate
. . 276

camphorate . 282
Amalgams

. . 372
Amalgam electrical . . 407
Amber . •

. _ 245
Amethyst . . 423
Amianthus, ancient use of . 146
Ammonia

. .196
its effect on metal-

lic oxides . 197
how formed . ib.

exretnporaneous

formation of . ib.
how decomposed 193
proposal for a ma-

nufacture of . 199
test for

. . ib
2R
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Ammonia, IW5 of

ricetatc of

— arscniatc

caibonabc •

citrate

campliorate

. . muriate
nitrate

— oxalate

__—.—-- phosphate
— phosphite

' sulphate

sulphite

.— tungstate

stibe/atc

Amniotic acid

Analysis
Analysis of soils

Ai-.iinal heat

Anthracollte

Antimony
its characteristic

— ores of

used formeily

pigment
sulphuret of

butter of

salts of

oxides of

Antiseptics

Anthracite

Apatite
Acjua-l’ortis and atmospheric

air compared
Aqua regia

Archil
Archimedes, anecdotes of

Areometer •

Arrows poisoned

Arseniates •
,

Arf.eniate of copper, artificial

as

Arsenic

172.

its characteristic

medicinal remedy for

white, how prepared

its various uses

employed medicinally
. ! ... s n

199
279
273
272
231
232
267
271

280
274
ib.

264
265
278
282
249
28
4
73
328
407

' ib.

408

410
ib.

409
ih.

ib.

364
150
372

224
226
200

2. 37
541

523
277
417
ib.

ib.

414
ib.

416

Atm.osphere, its extension .53. 57
— reOccts the sun’s

rays . 63
- its weight . ib.

collective weight
computed ib.

composition . 64

means for its pu-
rification 68. 523

81. 498

Atmospheric air . •

its transparency ib.

equilibrium of 38

cause of its flu-

idity . 32. 38

ministers to our

. pleasures 51. 55

rarefaction of 53

in China
acid cf

Arsenious acid

A-sbestus
_ _ ;

Astringent principle

234.

Atmosphere, iu formalion

holds water in

solution

remarks on its

temperature

its elasticity .

417
415
234
146

242
33

46

43
r.»

its sppe. gravity 37. 62

its expansibility 53

— no gas can be sub-

stituted for

— its eflccts on water

its various uses 55.

of a density exactly

suitable for the fea-

54
55
57

36

58
70

thered tribes

- its operation in pump
ing
analysed

a chemical compound 64

its constituent p^ts ad-

mirably apportioned 71

necessary for the sup-

port of animal life 76

exemplified by a me-
lancholy instance ib.

— promotes combustion, 74

— its elFcct oil the

• blood . • 77

condensed, produces

, heat and light 461

Atmospheric pressure 58. 500

experiments to show 53

use of • ^
- its eflects on organ

ized beings'

Attraction
planetary

- of cohesion

^ of aggregation

.... .— how measured

elective

Aurora borealis

Aurum nuisiviuu

Azote
Azoticgas

61
113. 471

. 471
. 472

472. 474
. 475

ib.

. 132

. 334

. 66
74
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B. Borates
Balloon air

Barilla , . k

Bark, its great afiinity for
oxygen .

'

Barometer . 4G.

Its nse in measuring
mountains

Barytes

sulphate of— carbonate 159,

sulphite
• muriate

arseniate

T hj'peroxygenized mu-
riate

nitrate— acetate
• oxalate

citrate

camphorate
suberate

Basaltes

Bell-metal

Benzoic acid

Benzoin .
' .

Beryl . , ,

Bile animal
Biot, his experiment
Bismuth

its characteristic
• butter of
oxides' ,— salts

magistery

11 .

89.

Bitumen, salt of
Black Jack
Bleaching

,

—— remarks on
Blend
Blood, circulation of

its use in the system
cause of its colour

Blue John . IC'l.

piue pnivH/r, for laundresres

Bodic.s, known in three dif-

ferent states

Bndv, human, a laboratory

Boiling, explained

point, afieefed by the

pressure of the atmo-
sphere . .61

Bones, animal . . 298
of birds, h.ow formed 105

Books and prints, cleaned by
muriatic acid . 220

Coratic atid . , 28;)

89
183

7

533

534
158

263
. 272
265
266
278

269
271

279
280
281
282
lb.

287
380
2-14

ib.

1.56

186

89
410
ib.

412
411
412
ib.

309
405
192

222
405
497
467
.5.34

275
420

29
6

123

native

277
298

Borax . . . 277
Boscovich, thc'oryof . 30
Brass '

. 379. 406
Breweries . . .18
Bridge, Trajan’s, in part con-
verted to au agate • . 14.5

Brimstone . .312
Bronze . . . 407
Buoyancy, explained . 35
Burnt bodie.s, may be rendered

again cojubnstible . 466
Butter of antimony . . 409— bismuth . .412

Calamine . . 40.'

Calico-printers . .1C
Calomel, caution respecting 37'

Caloric . . . 7.8- S"

-.us-esof . . 8f

intrusted to man only ib

1
sources of . . ib

transmitted from the

. 89 . 11 £sun

89its velocity

rays of, distinct from
those of light— latent— free— specific

absolute— of fluidity— pervades all bodies

contained c^'en in ice— its effects— capacity of bodies for— favours combination— also promotes decom-
position— expands bodies— its effect on timer

piec.rs— repulsive po.wc’- of— coiicluctecl differently

bydilTer^nl bodies— retained by afiinity— how pre.served in animal
bodies . . £0—-its tendency to equili-

brium . 1 15. lie

—given out duringfreeziiigl 17— conductors of . .115— how produced bv com-
biotioo . . -Ills

ib.

93
ib.

,iC0
~ ib.

105
95
138
106
96
ICS

ib.

lO-'j

107
110

H4
113
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Caloric, diminishes the attrac-

tion Of cohesion . 486
acts an import.mt part

in all cases of chemical
affinity • 487

Calorimeter 100
Cameleon, mineral 422
Camplior 245
Camphoric acid . ib.

Camphorates • 281
Candles, manufacture of , 17

substitute for 18

Carbon 324. 501
•• use of to animals 355

its combination with
minerals , ib.

Carbonates 271
native 293

Carbonic acid 227
- — discovery of . 326

analysis of . 339
examined by synthesb ib.

properties of . 340
decomposed by plants 341

proportion of in earths

and alkalies . 344
Carbonic acid gas • 66
- its uses in the atmo-

sphere 67. 342
»' prevented from accu-

“ mulating . 68
Carbonic oxide 445
Carbonous oxide , ib.

analysis of , 4-16

Carburetted hydrogen gas 311— metals 335
Case-hardening . 385
Cassius, purple precipitate of 360
Causticity . 180
Cendres Gravelees . 183

Cements , 168

Ceruse 438

Chalk • 252

Charcoal 321
properties of • 349

' uses . 323
inoorruptibility of 322
in Herculaneum 323

- analysis of • 4«
levigated for writing

with . 323
- . ' inflammation of in oxy-

gen gas . . 338

accidents from burning
in chambers . 343

Chemical nomenclature 257
. action, destroys iden-

tity . . 25

Chemist, his peculiar resources
Chemistry defined

utility of the science

taught in the French
schools

—— interesting to every ci-

vilized nation
- explains the operations

of nature
• ' " necessary to medicine

its importance to land-

holders

teaches the knowledge
of minerals

its use to the scientific

farmer
^
— its tendency in educa-

tion
—

—

— gives the habit of in-

vestigation

its moral tendency
—

-

a fascinating science

23
25
2

23

5

ib.

23

24
ib.

431
heilce its eflects on youth ib.

Chinese coins

furnaces

405
146
235
425
253
186
371
281
240
140
175

Chromic acid

Chromium
Chrysolite

Chrysolite of Greenland
Cinnabar
Citrates . .

Citric acid

Clay
potters

' how sometimes produced
by nature . . 254

Clothes, why necessary 79
Clothing of animals varied by
nature according to climate 82

Clouds . . .45
Coal, formation of . 326

diflerent kinds of 327. 517
pits and mines, how
lighted OEConomically 1

7

Cobalt . . .417
salts of . .419
oxides of . .418
ores of, how analysed . ib-

Cobalt, muriate of . 419
acetate of . _

. 420
—— formerly deprecated in

the German church ib.

Cohesion • .30
Cold, cause of that tr^nsation 87

artificial . 87.92.98
intensity of in Russia 137

effects of . . 50-i— remarkable instances of ib.
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Coicbrook Dale, remarkable
explosion there . 181

Collision . . go
Colours . . . 10
‘ ' — vary by absorption of

oxygen . lb.

manufacture of 191
Columbia acid . . 249
Coliimbium . . 425
Combustibles, simple 302.452
— remarks on their pro-

perties . . .350

compound . 453
Combustion 89. 451. 503. 517

—

spontaneous . 88
Dr. Thomson’s theory
of . . 454

' ' supporters of . 455
explained . 458

—

its elFect on bodies 465
' a servant, and not the

enemy of nature ib.

can destroy nothing
' 443. 468

Berthollet’s explana-

tion of . 468
reflections on . 503

Compass, mariner’s . 383
Compression . . 89
Condensation, produces heat 90
Copper , . . .375
• Chinese . . 402

formerly thrown away 510
culinary vessels 377
salts of . . 378

• oxides . .377
Copperas works , 20. 387
Coralline rocks '

. .165
Cork

.
_

. .40
Corrosive sublimate . 374
Corundum . . 276
Cosmetics, mineral 309.411

disagreeable effects of 412

Cotton manufactures . 9
Creation, beauties of, originated

in benevolence . 417

Crystallization . 21. 134

dry . . 287.

... explained . 284

water of . . 28S

Cudbear . . . 22

Cuthbertson’s apparatus for the

composition of water 130

D.
Decomposition . . 29

of organized beings 503

Deplriogisticated nitrous gas 447

Deliquescence

Derbyshire spar

Diamond
uses of

Distillation

Distillers

. 289
. 275

344. 386
325. 515
108.515

19

Drains, house, how purified 308
Ductility . . . 32
Dyeing . 10. 189.394

articles used in 1 90. 200. 394
Dyer’s spirit . 394. 440

E.

Earth, the heat of, computed 44
Earths . . .142

characteristics of . ib.

— classification of . 143
appear to be infinitely

varied . . 142
combination of 175
the separate uses of 176

Earthen ware manufactures
12.152

Ebullition, temperatures neces-

sary for . .493
Edge-tools, temper of 390
Efflorescence . . 289
Eggs of birds . ,165
Elastic fluids . S3. 41
Electricity . .91
Elementary particles 302
Emerald . 156. 253
Emery

,
. • . 388

Enamels . . 391
Eolipile . , . 456
EpSom salt . .173
Etching on glass . 232
Etljer will boil by its own la»

tent heat . . 61
phosphoric .318

Ethiops mineral . 315.374
Evaporation . . 43

from the ocean ib.

use of this principle 48
produces cold ' 60. 122
how applied in India 1

1

1

286
226
448
107

Evaporating pans
Eudiometer, the invention of

operation of

Expansion of bodies by heat

Experiment by Duke of Elo-

rence . 500
Experiments, instructive and

amusing , . 549

F.

Farming improved by chemistry 4
Females, cured by oxygen gas 495
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Fermentations, vegetable 346 Gas, sulphuretted hydrogen 307
vinous Fb< — sulphurous acid, use.l in

• — how checked 314 bleaching 217
Fevers contagious, how use of in medicine ib.

guarded against 222 Gases, how produced 70
Fibrina, its formation 497 how transferred and mea-
Finery cinder 3S7 sured 71
Fire, a compound 455 expansion of 109

how procured by savages 90 respirable and non-re-
Fire-works, phosphoric 318 spirable 71
Fish, how they rise in water 52 —— remarks on lb.

Fluates 275 Gasometer, use and descrip-

native 298 tion of 495
Fluidity, cause of 31 Gems, artificial 430
Fluids formed from solids 109 Germination of seeds hastened 223
— '— elastic 32 Giant’s Causeway 287
Fluoric acid 231 Gilding, water 512
Fluor spar ib. by hydrogen gas 358
Fountain, boiling, in Iceland 144 Glass manufactures 13. 147

Freezing 116 method of etching on 232
••— its slowness 105. Ill phosphoric • 230

purifies water 134 Glauber’s salt • 283
Frigorific mixtures 96 Glazing for earthen ware 15.3

Friction 90 Glow-worm . 464 518
Frozen animals < 81 Gluciiie 156
Fulhame, Airs., her process of salts of • ib.

gilding 358 Glue, manufacture of . 167

Fuller’s earth 150 Gold 355
Fulminating powder. How- —— standard . 359

ard’s 374 —— native 356

Furnaces Indestructible 146 —— alloys of . 359

Fusibility 291 oxides 357

Fusion . , 109 salts 358

solution of 360

G*
—— pigment • ib.

ethereal • 359

Gadolinite 157 —— Mosaic .

’ 394

Galena 397 potable • 359

Gallic acid , 242 fulminating- • 355

Galls , ib. uses of • 359

Gardening 22 dissolved by Aloses . 360

Gas 69 Granite rocks . 300

— ammoniacal 196 Gravity, specific 36. 39

— how procured 199 necessary to be un-

.— carbonic acid 227 derstood 39

r— produced by respiration 79 Gravitation 471

— carburetted hvdrogen 69.311 Greek fire 509

-*-r phesphuretted hydrogen 310 Green, Scheele’s 37.8

-—hepatic 308 —, Brunswick ib.

— mixture of oxygen and hy- Grotto of Besangoii 138

drogen 306 del Cane 342

,— nitrogen 74 Gum, analysis of 332

—- muriatic acid 218 Gim-metal 380

— nitrous acid . . 226 Gunpowder, manufacture of 271

— fluoric acid 231 . how improved 167

.— oxygenized muriatic acid 221 Gypsum 17 2. 252

— inflames metals 25«3 floor* • -295

I
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H,
Hankwitz, Godfrey, phospho-

rus-maker . .316
Hardness . • 30

Harmattan . - 46

Harrop, Mr. his experiments 140

Heart, its structure . 497

Heat and cold, sensation of 87

Heat, how produced by the

solar rays . .113
— '

collected bv a convex lens 112

operation of in producing

chemical combinations
27. 486

—— expands bodies - 106
—— animal, origin of . 78

Hellot’s sjTnpathetic ink . 419

Hematite, Eancashire • 381

Hepars . • 303

Hepatic gas . • >h.

Hindoo physic .
_

• 309

Honey-comb, the peculiarity

of Its form . .123
Human body, a laboratory 6

Hume, Mr. his opinion of silex 144

Hyacinth . • 155

Hydrogen . 130. .305

.1—i forms oil and resin

in vegetables . 84

— how produced in stag-

nant waters . 311

its great affinity for

oxygen • 125

, revives metals 358. 443

Hydrogen gas, its levity '130

— how procured . ib.

— instances of its ex-

plosion . . 305

contained in the atmo-

sphere . • G8

- carburetted . 69

Hydrogenetted water useful in

medicine . . • 307

Hydrometer - • 4.92

Hvdrostatical axiom . 36

Hydrosulphurets • 309

Hygrometer • 43

Hvperoxvgenized muiiates 267

dangerous explosive

nature of • 268—— caused the death of

two chemists ib.

u.sed medicinally 269

Hyperoxygenized muriatic

iicld .
• 268

danger of endeavour

ing to exhibit it in a

separate state 268

1 .

Ice . . - . 120

— lighter than water . 1 17

— remarks on this fact . 119

— its origin .
_

• 134

— combines with caloric in

melting . 32. 101

— use of its porosity 54
.— its extreme hardness . 529
—

i in freezing produces heat 117

— in melting produces cold ih.

— mountains • .136
— islands near Hudson’s Bay ib.

— at the poles affects the sea-

sons . • Ib.

— immense masses at the poles ib.

— its hardnesss there . 138

— forms at bottom of the

ocean . .137
— employed in building . ib.

— formed into furniture . ib.

— palace of . 529

Identity, destroyed by chemical

action . .26
Ignis fatuus . .133
Incombustibles . . 454

Incombustibility explained 466

Indestructibility of matter 463

Inflammable air . . 30.5

Ink, indelible . . 364

stains removed • 220

how to prevent its being

removed for fraudulent

purposes . ib.

sympathetic • 419

Integrant particles of bodies 302

Inundations by the sudden

melting of ice, how pre-

vented . . 10>

remarks on . ib.

Iron . 3S0. .514. jl5

test for . 3o3

ancient prejudice re-

specting . . 390— universally distributed ib.

found in strawberries and

other vegetables 380

ore.s of . • 381— oxide of . 386. 387

— — salts of . . 387

carburet . . 3!l8—— nianufacUire of 8. 336.' 38

1

38 1. ;> 1 .5

cold short 318.381
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Iron, hot short I . 384
cast . SS6. 384
bar . . 384
wrought . . ih.— malleability' of . ib.

employed in remote, an-
tiquity . . 389

medicinal properties ib.

combustion of . 453
magnetic property of .383

various colours produced
by its oxide . 431

fbundries . . 9
trade, improved by che-
mistry . . ib.

Iron-moulds, how removed 220
Irrigation, use of • 4
Ittria . .157
Ivory, how silvered

,
364

James’s powder . . 409
Jaspers and marbles stained

permanently . . 364
Jet •

. . . 328

K.
Kelp
Kemo shell

Kermes mineral
King’s yellow
Kupfernickel , ,

L.
Lac, East Indian

Laccic acid

Lactic acid

Lake of Averno
Lakes, vegetable

Lamp, Argand's

Land, cultivated on chemical

principles by Lavoisier

Landscape, chemical

Lapis calaminaris

lazuli

ollaris

Latent heat explained .

I.avoisier, a chemical farmer

184
165
410
417
401

Lead poisonous when taken in-
ternally , . . ggg
employed in refining

silver . . 399
salts of . . 398
oxides . . 397
litharge . . 399
acetate . . 393
carbonate . 298. 438
nitrate . . 393
muriate . 287. 509
white, manufacture of

438.511
red, manufacture of 435

Lees, soap
_

. ,190
Lemons, acid of . 240
Lens, convex , .119
Licking-plares in America 266
Light, origin of . . 46Q
•— - produced by combustion

^61 .

'
' . combined with atmo-

spheric air . 461
its velocity 462. 507
becomes often latent in

bodies . . 462
Sir Isaac Newton’s de-
scription of . 463

decomposable into se-

ven rays

effect on vegetation

on metallic oxides
246 Lighting of mines, &c.
ib. Lightning, its probable use
242 Lime
342 —— test for

424 .—.— stone

459 magnesian
how known

5 uses of . ^

420 in tanning
404 — in soap-making
S9l in sugar-refining

1 74 —- .. chemical use of
94 its operation pn land

5 —— ope kind injurious to land

463
464
442
17

41
163
172
252
170
ib.

167
170

171

170
171

169

4
Lead 395 anciently used in bleach-

ores 397 ing . 167
ochre ib. how dissolved by nature 164
its use by the ancients in why its slacking produces
wines 396 heat .98—— used as a cosmetic by the salts of . 172
Roman ladies 397 —— carbonate . 164

—— its oxides, how reduced 398 fluale . 231
a test for . '. ib. muriate . 202—— sheet, how made 399 phosphate 172. 229

• medicinal use of 400 phqsphuret . . 31^
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Lime.-sulphuret . .316
Lime-kiln, new kind . 167
Limpet, the curious use it makes

of the pressure of the atmo-
sphere. . . 57

Liquefaction explained
.

. 109
Liquids . . 31

Liquor silicum . . 149

'

Litharge . . 399
Litmus-paper ~

. 207
Liver of sulphur . 308
I.unar caustic . . 364
Lungs, their formation . 77

use of their extended
surface . . . ib.

decompose atmospheric
air . . 78

Lutes . . . 528

M.
Magistery of bismuth . 412
Magnesia . .172

uses of . . 174
— its use as a flux . 1 73
• its effect on resins ib.

purifies water . 174

how prepared for medi-

cine . .173
salts of 264. 272. 277. 278.

282

native salts of 294. 296. 297

muriate 173. 202

sulphate . .173
Magnesian limestone injurious

to land . . .170
Malachite . . 379
Malic acid . . 241

Malleability and.ductility 32

Maltha . .517
Manganese . .421

uses of . . 423

its use in glass-mak-

ing . . ib.

use in making steel 424

oxides of . 422

— salts of . . 423
. — sulphuret of . 422

Manometer . • 52

Manures . 4. 169. 329

Manufactures in general im-

proved by chemistry 8

Marble • • 252

Marine acid • .217
Marie . . • 1.69—— how analysed

.

. ib.

Match-bottles, phosphoric 317

Matter, indestructible 470. 516
— iniinitcly divisible 2Q

Medicine improved by chemistry S
Mellitic acid . . 249
Mercury . . 370

why fluid - 371
uses of . . 374
how rendered solid 371

^— oxides of . . 372
salts • .3/3
acetate of . ib.

muriate . . ib.

fulminating . 374
why proper for ther-

, mometers • 102
Metallic ores, analysis of 427

oxides . . 434
sulphurets . 316
salts . . 440

1- solutions 440. 435
^ tree . . 436

Metals . . 351
. their characteristics ib.

how purified . 352
their number . -353

noble . . 354
malleable . . ib.

brittle . . ib.

semi- . . ib.

combustible . 453
incombustible . 372

advantages we derive

from them . ib,

.
— variety of . 427

their mutual affinity 429
oxidizement of 363
how affected by oxygen 430
some decompose water 436
expand by heat 108

— oxidized by decompo- '

.
sition of wafer . 43S *

by acids . . 438
by atmospheric air -i 434

how recovered from acids

439 . 443
become poisonous by their

union with oxygen ^
combine with different

portions of oxygen 438
dissolved by acids

,
439

Miasmata, putrid, destroye4 222

Mica green . - 425

Milk, animal . . 229
Mill-stone . - 175

Mindererus, spirit of . 279
Minerals, analysis of . 352
Mines, diamond . . 325—— quicksilver . 370

. - salt, near Cracow 2ST
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' Mlnurat, (ted lead) . 435
Mirrors, ancient . 37!)

Mfiture, its chemical effects 27. 92
produces condensation

' 92. 106

Moisture of atmospheric air 42. 67
uses of 43

Moleculse of bodies . 30
Molybdenum . 235. 425
Molybdic acid . . 235
Mortar and cements 168.506
Motha»-\vater . . 286
Mountains, use of .178

primitive . 300
secondary . ib.

Mucous acid . . 243
Muriatic acid . .217

dephlogisticated 221
oxygenized . ib.

' hyperoxygeuized 268
Muriates . • 265

native . . 296
Muriate of soda, its use to cattle 266— as a manure '

. ib.

use in pottery 153
Music generated by atmosphe-

ric air • . . .52
\

N.

Naphtha . . .517
Natron . . .182
I—— beds .

‘
. 185

artificial . ib.

lakes in Egypt . ' ib.

Natural History, knowledge of

dependent on chemistry 22

Navigation of vessels . .34

Neptunian system . 299

Neutral salts . ' • 256

Nickel . . .400
. 1 . uses of • • 402

I employed in painting

on porcelain . ib.

oxides of '

. . 401

salts . • ^02

Nitrates . • • 269
native . • 297

JCtre, formation of
_

270. 508,

use to makers of oil of

vitriol . J 509

... — how procured in France .508

how refined • 29

1

Nitric oxide • • 4*18

Nitrid acid • • 224

Nitro muriatic acid . 226

Nitrous acid ' • . ib.

Nitrous oxide . • 447

Nitrous oxide, ludicrous cflects

produced by
,4-17

Nitrogen . .74
absorbed by the blood 82

—— gas . .74
its use in the atmosphere 75
medicinal u.se of . 76
emitted from the lungs 82
contrivance for effecl-

ingthis . 83.528
- remarks on ditto . 83—' specific gravity of ib.

Nitrum of tlte ancients 183
Nomenclature, chemical 257

old one, how to

be understood 433

O.
Oak saw-dust, use of .242
Ocean, remarks on . . 140

how preserved from
freezing . . 135

its effect on the atmo-
sphere . 140. 498

— - -— recession of . 504
temperature of,decreases

with its depth 13S——— generates ice at great

depths . 136

T an interesting spectacle 141

Oil, analysis of . . 332
— vegetable . 84. 128
— mineral, must have had a

vegetable origin . 128
— fish . . . 191
— drying . . 449
— factitious . .312
— oxygenized '

. . 449

— phosphoric . .318
— of vitriol, works . 214

Opium, its narcotic effects

checked . . 241

Ores, analysis of 352. 36

1

Organized beings, decompo-
sition of . . 4.50

Orpiment . . 416
Oxalates . . 279
Oxalate of potass • 260

of lime, forms human
calculi . 280

Oxalic acid . . 238

Oxide, definition of • 433—— of gold . • 957—— silver • • 363-

— — platina . . 367—— mercury . . 379
I copper . • 377

——— iron . .
.

396
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Ox’de of tia

——— lead

Oxides

nickel

zinc

-antimony
• bismuth
arsenic

• cobalt

manganese
carbon
nitrogen

sulphiir

- phosphorus
• ixydrogen
- natric

• nitrous
- azote

animal and vegetable

combustible
metallic

— properties of
— formed by means of

water . . 436
— how reduced . 442
— aflected by light 443
— reduced by hydrogen 444
— used in glass . 148

— used in painting por-

celain . 150

— give various colours ib.

Dxidizement . . 434
di/Terent degrees of 438

Oxygen . • 73. 128— necessary to vegetables 74
• the basis of air and water 128

found in still larger quan-
tity in snow and rain-

water . . 73

its importance . 128

-its various properties 431

- effect on colours 527
- its effects in decomposing

animal and vegetable

substances

Oxygen gas .

its specific gravity

how procured
-— necessary to respiration

necessary to combustion

its effect on the pulse

combined with snow
medicinal effect of

effects on the blood

may be procured from
vegetables

contains light . .

, 392 Oxygenized muriatic acid 31.210.

. 397 221

. 401 effect on vegetables 223
. 405 Oxygenizement .. 206
. 408 different degrees of 209

. 411

.415
_

P.
* . 418 Paper, incombustible . 146

. 422 Paracelsus . . 353

338. 445 Paring and burning land 329

. 446 Particles, integrant 29. 302

. 444 Parting . . 442

. ib. Pearl ashes . .194

. 445 Pearl white . .410
. 446 used as a cosmetic 41

1

. ib. Percussion . . 90
. ib. Perspiration, use of 49.110

. 449 remarks on . 49
ib. Petre refiners . 22. 291

452 Petrifactions explained 340

434 artificial, how formed 339

439 Petroleum . .517
Pewter . . . 412

Pharmacy improved by chemistry 5

Phlogistic theory compared with

the modern . . 433

Phlogisticated alkali . 283

Phlogiston . _
• 433

Phoenix, fable of ... 443

Phosphates . . 272
— native . 298

Phosphate of iron . 335

of lime, its use in eggs 165

——in wheat 273

Phosphites . • 274

Phosphorescent animals 318

Phosphoric acid . 228

medicinal effects of 230

Phosphorous acid . . ib-

Phosphorus . .315
how discovered ib-

though poisonous, used

in medicine . 3 IT

Baldwin's . . 2-71

450 — Bologna . .155
73 Phosphuret of iron .318.384

74 Phosphuretted hydrogen gas 320

496 nitrogen gas ib.

73 Pig-iron . 9. 384

ib. Pilatre do Rosier, his accident

ib. with hydrogen gas . .305

ib. Pinchbeck . • 406

495 Pin-mdnufacturer» . 436

496 Pit-coals . 337

Pitch, mineral • . 517

84 Plaisters . . 10

66 Plaster of Paris ; • 363
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Plater floors 1 . 295 Q-
Planetary attraction . 488 Quartz . 14.9

Pktina . see cubic i . 277
— salts of

,

. 367 Quicklime ' . . 163— - oxides . ib. Quicksilver . 370
’ uses of . . 368

Plumbago 327. 337 R.
Plutonian system . 299 Rachitis, a specific for. . 273
Pneumatic trough . 70 Radical vinegar . 237
Poisons, their nature 7. 523 Radicals . 302

difference between mi- Rain, theory of . 47
neral tind vegetable 7 Re-agents . 27

•
' antidotes for . ib. Reddle . 150

•——case of a gentleman saved Realgar . 416
after having been poi- Refining of gold and silver 20. 442
soned ; . jb. :rr- sait-petre . 291

Pools, stagnant . 311 Repulsion 110,483
Porcelain . 154 Sir Isaac Newton’s

' difference between it experiment on 483
and earthen ware ib. Boscovich’s theory of ib.

• manufactures 12. 154 sensible & insensible 484
manufactory at Sevres 155 • magnetic . ib.

Potass . 182 Its operation on bodies485
quantity produced from Resin 84. 332
difterent vegetables ib. its composition . 332—— acetate of . 279 Respiration, a curious process

carbonate . 196 83. 528
muriate . 266 effects of . 524
hyperoxygenized muriate 2G9 remarks on . 528
nitrate . 270 of vegetables . 84

phosphite . 274 Resuscitation, human . 510
—

-
pnissiate . 283 Retorts . 219
sulphate . 262 Rochelle salt , 281— tartrate , 280 Rocks, primitive . 300—— sulphuret . 195 Rosin . 332

Pottery 12. 152 Rubelite . 423
glazing of . 153 Ruby . 253

Precious stones, artificial 430
Precipitate, red . 373 S.

per se . ib. Saccholactic acid . 243

Pressure of the atmosphere 500 Sal-acetosellas . 238
- experiments to show it 57 Sal-ammoniac , 201

Prince’s metal . 380 French manufacture of 202

Prussian blue . 247 uses of . ib.

' native . 388 . — first made in Egypt 203
Prussiates . 283 Saliva . .357

Prussic acid . 247 its afimity for oxygen ib.

Pqlse-glass . 59 Salsola soda . 181.18,3

Pumice-stone . 183 Salt, manufactures of . 296

Pump, its action explained 58' — its proportion in sea-water 109

Putty . 392 — mines . 186. 297

PyroKguous acid, manufacture — wort . 184

of . 236 Salts . . . 256

Pyrites, martial . 204.312 their number . 257

copper . 375 nomenclature of , )b.

Pyrometer . 102 — crystallization of . 284

Pyrosoma Atlanticum . 318 permanency of . 2W
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Salts, decomposition of . 292—— solubility of . . C90
Salts of gold ”

, . 358
'

silver . , 364
platina . . 367
mercury . . 373
copper . 378

- - - — iron . . 387
«. tin . . 393

leSd . . 398
nickel . . 402
zinc . . 406
antimony . 409— bismuth . .. 412—^ arsenic . . 415
cobalt . . 419
manganese . 423

Salts, artificial . . 293
native .

' • • ib.

\ formed in remote ages 298

mountains of - ib.

neutral . . 260
how distinguished 283
volatile . .201

Sand, curious property of 145— a slow ^onducter of heat 1 15

Sand-stone . . 175

Sandiver . . 584

Sap colours . . ib.

Sea, observations on . 141

— temperature of . 137

Sea-water, freezes at a lower

temperature than fresh-water 135

Sea-salt . .184
Sebacic acid . . 248

Scheele’s green . .417
Seeds, germination of, hastened 223

Sevuin, Mr. his account of tan,

1-c. . . 242
Sel do Seignette . .281
Selenite . . 294

renders waters hard ib.

Semi-metals . . 354

Shells, tesmceoiis . . 16-4

. crustaceous . 165

produce mountains 164

of eggs . . 165

Shot, manufacture of . 511

Sidcral systems . . 488

Sideritc . • • 385

Silex - . .144
its uses • 146

Mr. Hume’s singular opi-

nion of . . 1 44

Silver . . • 360

ores of • .361
oxides of - • 363

6

Silver, salts of . sg4
nitrate of, an antiseptic 3j.

ancient uses of . sg3
standard , - ib.

test for . . 361
Sky, its colour accounted for 'SS

Simple substances . . 302
Smalt, strewing . 419.420
Snow . . . S24

its use . . 115
how melted by the Swiss 113

Soap, manufacture of 15.171.190
known to the ancients 182
found in Pompeii , ib.

Soda 1 , . 183
origin of . &.
known to the ancients 182.

187
why preferred to potas^ 1.89

account of the manufac-
ture of, for making glass 20*
produced by the vegeta-
tionbf plants , 184
how extracted from com-
mon salt 160. 1 84

its use in the bile 186
carbonate of . 184.195
use as a re-agent • 1.Q6

muriate . 184.265
hyperoxygenized muriate 267
nitrate

.
. . 271

phosphate . . 273— sub-borate . . 277
sulphate . . 263
tartrate of, and potass 281

Soils, their goodness, how ap-
preciated

,
- .177

how renovated by nature 300
chemically altered by rain 40

Solidity, w'hat . . 30
the natural state of bodies 31

Solids expand by heat 107
Solvent, universal, of the an-

cients . . 429
Solubility . . 290
Solution . .109

produces cold 96. 117
facilitates combination 48S
of tin . . 440

Spar . . • . 164
calcareous '

. , 293
Derbyshire . 16'4. 172
Dogtooth . ,164
ponderous . . 1.58

Specilic gravity - . .36
disrov'cred by
Ai chiinedv, . 37
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Specific gravity, how denoted
- " metnods of deter-

mining
Specific caloric

Spelter

Spirits of Mindererus—^ salt

H4

-— — wine
Spoons, fusible

Springs, origin of
Stalactites

Stars, fixed, their distance
States of bodies
Steam

— expansive force of
(Economical use of

Steam-engine .
*

— its origin
Steel . S36.
— how it differs from iron

instrument, how known
cast

cast, its manufacture
Stink-trap

Stones, analysis of
specific gravity of

— fallen from the air

• precious, artificial

36

491
100
404
279
218
348
413
178

164

489
29

110
122

124
123

2

385
385
386
ib.

9
308
176
35

401
430

Sulphur, llvef of . . &i.5
Sulphu rets . . ib.

used in bleaching ib.
Sulphuretted hydrogen 211.307

a test for metallic

oxides . 307
Sulphuric acid . .213

attempted to be made
by the decomposition
of atmospheric air 65

cause of its freezing 215
action on metals ib.

test for barytes ib.

Sulphurous acid .216
Sun, the great solirce of caloric 89

conjectures respecting its

nature . .112
probably a habitable world ib.

conjectures respecting the
cause of its heat ib.

emits three kinds of rays 89
Supporters of combustion 455
Sweet-makers . .19
Swimming of solids in fluids 34. 40
S)nm pathetic inks . 419
Synthesis . . 28
Syphon, its action . 59

Stone ware 150
Storar 244 T.

Stoves, foreign 459 Tallow 17
Straw, analysis of 273 Tan . 243
Strontian 161 a test for . ib.
-• use in medicine 162 Tanning of leather 13. 170

carbonate of 161 Tantaiium . 425
r sulphate of ib. Tapers, phosphoric . 318

Suberates 282 Tar, mineral 326. .617

Suberic acid 246 'Tartar . 2-ro
Sublimate, corrosive 374 cream of

. . ib.

Sub-salts and super-salts 261 —

1

triple salts of . 280
Succinic acid 245 Tartar, emetic . 409
Sugar, analysis of 332 Tartaric acid . 210

decomposed by fermen- Tartrates . 280
ration 348 Tea-urns, how browned 378

— manufacture of
'

. 524
• refining 20. 1 70

acid of . 238
Sulphates . 262

how analysed 263
native . 294

Sulphites . 264
Sulphur . 312
-» known to the ancients ib.

V*- uses . 314
— combinations with oxy-

gen ih.

' flowers of . 594

Teeth, human
Tellurium
Temperature, cejuai distribu-

tion of

animal, varies remarh-
ablv in "(lifl’erent ani-

mafs
Iiiimav, bow preserved

the same in all climates ib.

Terra pniider'osa . . I."

8

Test for alkalies . .188
Testaceous animals, shells of 1<;4

Theories various, of the earth 299

276
425

1 16

80



tkhJ

INDEX €23

Thermo lamp
'htfmiometers

varieties of

how made
air
real zero not known

Thernioscopes
Tides, how produced
Tin . .391.— or«
'— mines .— mines, Cornish, their an-

tiquity

— various uses of— test for the presence of— oxides of— salts

— solution of

311
101

103
101

102
101

102
471
51^
391

376

391
393
392
ib.

39.3

410
• its use in dyeing scarlet 39.5

Tinc.il
.'

. 277

Tin glass, or bismuth . 410
Tinned pdates . .512
Titanium •. . 425

Tombac . . 407

Tonnage of ships, how taken 3.5

Topaz . .431
Trajan’s bridge . • 145

Transmigration, probable ori-

gin of
Tomsmission of caloric

Transmutation of metals

Transpiration of vegetables

Tree, metallic

Triple salts

Tungstate of lime

Tungstates

Tungsten
Tlingstic acid

Turbith', mineral

Turf burning
Tvviligbtj how produced

remarks on
Types, printers'

Vegetables, analysis of . 332—^ afford potass . 1 82

directions for burning ib.

their beneficial ope-

ration on the atmo-

sphere •

give out oxygen gas 34
decompose water 330

Van Helmorit’s expe-

riments on S-*!®

Verditer . . . .378

Verdigris . . Jb.

Vermdion . 108. 373
Vessels, cause of their swim- _
ming on water ,, „ 34

Vinegar, manufacture of 19. 2.35

directions for- conducting 2.35

process for concentrating 237
Vital air

Vitriol, Roman
green

• white
Vitriolic acid

Volatile alkali

Volcanic eruptions

510
114
353
84

436
280
424
27a
424
234
373
329
535
54

411,412

Uranium
Uric acid

Urine

U.

vv.

378
sa7
406
21

S

195
122

405
249
27ii;

54.

Walk, how may be improved
bv a chemist

Water
known in throe states

fornuatlou of
naturally solid

cause of its fluidity— how formed by nature
its composi.ion 124.

V.

Vapour 42. 44. 121

explained

dissolves in warm air

rendered invisible by
solulion in atmosphe-

ric air

its quantity of caloric

great expansion of

its effects exemplified

Variolous poison, prevented

Vegetables, variety of

remarks on -

u,e of .

207

ib.

50!l

135
loot

192
1 30»

• its specific gravity . 133
- its boiling point 60. 538
-its density at dilferent

temperatures , 113
-its uses . . 13»

42 formed by compression of
46 the vases

^ l'32

produced by combustion 458
purified by freezing 1.34

42 expand^ in freezing’ H8. 134
121 • effects of ibis expansion 119.

122 134
123 in giving out caloric ob-
0'}i) serves a law dilferent to

330 that of other fluids 113
use of tl,:s cxeepiiun 11#

331 gives ioJsdity to salts
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Water, Its solidity in spars,

.marble, &c. . 139— its salubrious quality ac-

counted for . 305— how preserved on voyages 127

an easy method recom-
mended . . 364

hoxV cooled in Spain 1

1

1

why it extinguishes fires 122— held with great intensity

by some bodies . 139
• dissolves in air . 46—— is always contained in the

atmosphere . ib.

— not compressible by art 138

how decomposed arti-

ficially . . 126— - how decomposed by na-
ture . . 127— Harrowgate . . 309—- hydrogenated . 307

Waters, carbonated 228. 340. 343
—— . mineral . . 228

hard . . 294
ofthe ocean . 140

—

petrifying . . 341

Water cement . . 506

Wax, analysis of . . 332
—— bees’ . .128
—— vegetable . • ib.

Wedgwood, Mr. . 12

I advantages he derived from

chemical knowledge 13

Mr. Thomas, his experi-

ment by friction 90

Welding . 382. 389

Wells, often dangerous to enter 342

Wet clothes, why injurious
_

60

Whale, the immense size of its

blood-vessels . . 498

Wheat, farina of • 273

Whinstone - .186

M^ill-o'-the-wisp *

153, 31 j
Windows, double, use of 81
Winds, velocity of , .39
Wine tests . . 513
Wines, a hint in bottling 236
Wolfram

. . . 234
Wood, its expansion by heat 108
Woollen manufactures . 9
Writers, ancient chemical, how

to be understood . 433
Writing-paper incombustible 146
Writings found in Hercula-
neum . . . 323

Writings, decayed, how re-

vived . . . 220

Y.
Yeast, properties of . 346

why useful in putrid

diseases . . ib-

Yttria . . . 157

muriate of . ib.

Z.
ZalFre . . . 418
Zero, of thermometers . 103

real, not known . 100
Zinc . , . 403

when malleable , ib.

highly combustible . ib.

ores of, how analysed 405
test for . . 406
its charaQteristic . ib.

its oxides . . 405
salts . . 406
amalgam of . 407
flowers of . . 405
its combination with car- ,

bon . . 337
its peculiar attraction

for oxygen . . 436
Zircone . .155

/
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AN INDEX
TO

THE NEW MATTER
THAT HAS BEEN ADDED TO THE SECOND EDITION.

[Where a numeral onjy is given, it refers to the page qr the text-, all

the other articles will be found in the Notts, A. N. sigpifies Addi-

iional

Acetate of barytes, recom-
mended for a test. Note ||,

279

Acetic acid exudes from the

human skin. Note, . 237 '

from wood. Note 32

1

recommended as a

test to distinguish

the alkalieSjNote, 188

Adage, chemical. Note J, . -487

Alum slate, its large quantity of

refuse. Note *, . . 264

Alum, account of a singular

manufacture of this salt.

Note *, . . ib.

manufactories, Daniel Col-

wall’s account of. Note, 152

Aluminous fossils, A.N.No. 42. 519
Amber pits, of Prussia, Note

||,
245

Animal heat, new theory of,

A. N. No. 59, . . 533

Antimony found in America,

Note f,
• • 408

Apparatus for phosphorous

acid, Note f, . . 2.30

Aromatic vinegar. Note *, 238

Arseniated hydrogen gas, bums
curiously. Note *, 278

Arseniate of potass how formed.

Note *, ... ib.

'Arsenic, how collected in Sax-

ony, Note • .414
alloyed with copper,

Note*, . .416
its properties in form-

ing alloys, Note f,
ib.

Arsenic acid, useful in manu-
factures, Note f, 278

sulphuret, its use. Note, 417
Atrnospheric air, its composi-

tion discovered by Scheele,

Note f, ... 64

B.

Bacon, Lord, on the improve-
ment of the arts. Note, 23

Barytes, use in medicine. Note §,

160
capable of producing a

beautiful white co-

lour, Note
||,

161

in what instances it

dilFers from alkalies.

Note 1|, , . 143
sulphate of, in Derby-

shire, Note, 158
Basso relievos, made from the

waters of St. Philip, Note *, 166

Bath, metallic, use of,' Note, 386
Benzoic acid, process for pre-

paring, Note [, . . 244
Blood, its peculiar capacity for

hcHt, Note . . 78
a change efiedtecl in its

capacity. Note f, 79
remarks on ditto . ib.

Bodies, weight of, not increased

by caloric . . 107
Boracic acid, where found.

Note
II,

. . 277
3 S
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Brass, its importance, Note, 407
Brecdon limestone. Note, 170
Bridge of chains in China,

Note:f, . . . 389

C.

Calcareous fossils, A. N, No.
44. . . . 521

Calico-printing, bow improved 11

Caloric, absorption of, A. N.
No. 36. . .~5I0

its absorption during
liquefaction. Note f, 96

its combinations, A. N.
No. 4. . . 493

probably condensed in

oxygenized muriate
of potash. Note, 98

a conjecture, how pro-

duced by friction 91
produced by electricity

and galvanism . ib.

-— on its origin, A. N.
No. 59. . . 533

of combustion, A. N.
No. 38. . . 517

evolved by condensa-

tion, an exception to.

Note f, . 97
Camphor dissolved by acetic

acid, Note *, . . £38
Camphoric acid, its habitudes.

Note *, ... 282
Carbonated water, how formed

artificially. Note, . 343
Carburetted hydrogen, formed

by wood. Note, 127

used in Persia,

Note *, . 204
Caustic alkalies, more fusible

than others. Note §, 292
Caution respecting the mixture

of sulphuric acid and oil of

turpentine. Note -f, . 94
Charcoal, an (Economical me-

thod of making it,

Note j, _ . 321
• - a curious property

of, A. N. No. 2. 492
deflagrated by galva-

nism, Note, 92

Chenevix’s remarks on the

oxides of iron. Note, 387

Chinese mariner’s compass.

Note, . . . 472

Chrome, imparts a variety of

coloius to other metals.

Note », .
,

. 430

Citric acid, in powder, its use
for saline draughts,
Note §, . 240
its afHnities.Note H,28l

Clay, how prepared by the
Chinese for their porcelain.

Note, . . .155
Clothing, why best of light

spongy substances. Note *, 81
Clouds, a new theory of,

Note f, ... 45
Coal, formation of. Note 327

large masses on fire.

Note ='=, . . 204
mineral, sometimes pro-
duces oil. Note *, 128

Coins, Roman, Note, . 394
Coke, w'hy preferable to char-

coal, Note *, . . .324

ovens, A. N. No. 50. 525
Cold, why felt when naked.

Note f, . . 82
produced by solution,

how accounted for.

Note f, . .97
artificial, power of pro-

ducing, very limited,

Note *. . . 106
by rarefaction, curious

example of. Note. . 122
Contagion, destrexyed. Note §, 251

Copper, native malleable.

Note . .' 375
-' mines of, in America,

Note f, . . ib.

cases of its poisonous
elFects, Note j, . 377

waters in Ireland,

Note*, . . 378
sulphate of in America,
Note, . . 375

Crystallization, A. N. No. 1.5. 503
• air necessary

for. Note §, 285

D.

Decompositions, by galvanism,

_A. N. No.58. . . 531
Diamond, the -empress of Rus-

sia’s, Note, . . .326

Diamonds, how purified. Note 386
Dollars, Spanish, contain gold,

Note |, . . 363

E.

Exception to an axiom in com-
bustion, Note . .55
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Eipansion of water, attempt

to prevent, Note *, 134
- produced in some

few bodies by cool-

ing. Note . 118

Experiments, new ones, added
to the Chapter of Experi-

ments in this edition, viz.

No. 16. 17. 18. ‘22 . 38. 90.

91. 96. 124. 134. 157. 159.

160 and 168 to No. 245 in-

clusive.

F.

Fire-works, Chinese, Note f, 270
Flint, ground for the potteries.

Note *, . . . 153

Fluate of ammonia recom-
mended for a test.

Note*, . . 276

of lime, used as a flux,.

Note, . . 275

Eluoric acid, in the teeth and
in ivory. Note f,

.231
Formula, to express the difle-

rence in the scale of the dif-

ferent thermometers, Note *, 103

Forsyth’s new gun-powder,
A. N. No. 56. . . 530

Fossils, external characters of,

by Werner, Note 176
« -- phosphorescent. Note, 159

siliceous, A. N. No. 4 1. 518

aluminous, A. N. No.
42. . . 519

magnesian, A. N. No.
43. . . 520

. calcareous, A. N. No.
44. . .521

Fulminating gold, account of

an accident v/ith. Note", 356

'

Fusibility, new experiments on, •

Note*, . • .111

G.

Galvani-sm, Mr. Davy's new
experiments on, A. N. No.

.58. . • • 531

Gas, its quantity from coals.

Note §, . .311
carbonic acid, its small

,
capacity for caloric.

Note *, .
.

•

nitrogen, less capacity

than ice . • ih.

Giants causeway, A. N. No. 14. 5(J1

Glazing with salt, when in-

troduced, Note *, .153

Glucine, insoluble in water,

Note§, . . 156

Gold, its colour in fusion.

Note, . - . 355—— leaf,modern use of. Note * 360’

mines, in Scotland, Note, 357

oxidizable by galvanism f ibj

Granite mountain, of an im-

mense size. Note *, • 146

Gun-lock for inflaming oxy-

genized muriate of potass,

A. N. No. 56.
_

. .530
Gunpowder, a new kind, A. N.

No. 56. ... ib.

H.
Hall, Sir James’s, curious expe-

riments, Note §, . . 293

Note*, . .Ill
Htematite, its use in burning.

Note, . . . . 389

Hiero, fountain of. Note, 122

Hume, Mr., his intention of

publishing his peculiar ideas

on Silex, Note *, . . 144

Flydrogen, how procured pure.

Note *, . .130
flyperoxygenaed muriates ex-

plode spontaneously.

Note, . . 269

r used in gunpowder.
Note . . ib.

I.

Ignis fatuu.i, its origin, Notc|, 133

Insects for cabinets, how best

prepared. Note, . • 343

Instruments, surgical, best mode
of tempering, Note, . 336

Iron expands in cooling, Note *, 118

bow rendered magnetic.

Note f, . • 383

its point of fusion, Notef, ib.—— lo.5s in making it mallea-

ble, Note . . 384

phosphate of, its use in

medicine, Note, . 388

native, in masses. Note 38

1

ores, how wrought in

England, Note *, 163

K.
Knight, Dr. Godwin’s, skill In

magnetism, Note f, • 388

Kunliei’s enamels, Note, . 430

L.
Lead, its fraudulent uses, Note, 336

2 S 2
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Lead, its poisonous qualities

Note, . . . 596
colic prodiiccd^ty it. Note, ib.—— its modern uses in the

manufacture of but-

tons, Sic. Note 399
Leather, Morocco, English ma-

nufacture of . . 15
laght, Sennebier’s remarks on,

Note § . . 443
given out by the mix-
ture of metals with
sulpliur. Note, . 428

duced by galvanism.
Note

f, . .91
——— its extensive journeys,

A. N. No. 21. . 508
Lightning bug in America,

Note, . . 464
Lime, its operation in making

mortar and cements 168
used as a flux. Note *, ib.

in what instance it diflers

from the rJkalies, Note
|[,

143

found in sea-water IC6
Limestone, See. fused by Sir

James Hall, Note .111
Loadstone, natural. Note f, 484
<

: a very large one.

Note *, . ib.

Lungs, how an inconvenient
increase of temperature in

them is prevented, Notef, 79

M.
Magnesia, distinguished by

Hoft'man, Note §, l73

its use in porcelain,

Notef, . .174
Magnesian fossils, A. N.

, No. 43. . . .520
Magnets, how made. Note §, 47

1

Manganese, metallic, how pre-

served, Note f, .. . 421

Matter, a remark on its inde-
,

structibility, Note §, . 345
Mercurial medicines, a curious

effect of. Note f, . .315
Mercury, how adulterated.

Note, . .413
its purity how ascer-

tained. Note *, 372
• one mode of oxidize-

ment, . • 373
——“—fulminating, descri-

bed many years ago,

Ntfi« f',
. 374

Metallic oxides, on. Note*, 434
• how to be distin-

guishedfromearths,

Notef, . . 142
Metals, their specific gravity,,

compared with that

of the earl Its, Note *, 351
new ones discovered

in the ore of Platina,

Note
f, . . 354

— Note *, . . 365 ,

uniformity of thcircry-
stallization. Note §, 427

lose their ductility by
cold. Note, . 33

inflamed by galvanism,

Notef, . . 91

have various aflinities

for oxygen, 4S5. 438
Meteoric stones. Note f, . 381

Mineral cameleon, a cau-

tio.n in making.
Note, . . 42.8

oil, how collected in

the duchy of Mo-
dena, Note *, 123

Morocco leather, now ma-
nufactured in England 15

Morveau’s phials, A. N. No. 19. 506
Muriate of potass, large quan-

tity in Irish kelp.

Note f, . 192
of soda, remarks on its

not being decom-
posed by all marine
plants, Note f, 193

Muriatic acid, its absorption

by water, Note, . .219

.

Natron, a conjecture re.spect-

ing its production in Egypt,
Note f, . .

. .185
Nickel, Note §, . . 400

how oxidized, Note *, 401
needles of. Note §, 400

- use of in colouring

glass. Note, . 402
uses in alloys, Note f, ib.

Nitre, made in England, Note, 271

beds, Note, . .133
caves in America, Notef, ISO

Nitric acid, why easily decom-
posed, Note §, . 225

Nitrogen distinguished by its

negative qualities 74

may beprocuredfrom
flesh, Note *, 75



INDEX.

jJ^itrogen, its small capac'tj

for caloric, Note *, . 82
I^itroiis o?ide, its stimulant

powers. Note, . . 447
Nomenclature, its peculiar use.

Note *, 253
variations in,

' Note -j-, . ib.

O.
Oils See., their composition.

Note, . . . 312
Oialate of ammonia recom-

' mended as a test.

Note §, . .
I 239

of potass, recommended
as a test. Note :j:, 280

Oxides, opinions respecting,

Note f, ... 440

Oxide of manganese, how de-

composed, Note *, 424
* of tungsten, insoluble

in acids. Note ib.

Oxidize .and oxygenize, their

distinction. Note §, . 467

Oxygen, concentrated in oxy-

genized muriate of

potass. Note f ,
458

on its union with light 462

Oxygen and nitrogen form va-

rious compounds. Note f,
65

Oxygenized muriatic acid, how
formed extemporaneously.

Note, . . . 221

P.

Panary fermentation. Note f ,
347

Paper, chemicallv improved 21

Pastes, or artificial gems.

Note +, . . • 147

Pearl diamond, a granite

mountain. Note *, • 146

Pcchblende, Note §, . 425

Pepys’sgalvanic apj'>aratus,Note, 92

Phipson’s, Mr., prior claim

respecting malleable zinc,

Note, •
_

• • 504

Phosphate of iron in the blood,

A. N. No. 61. . . 594

Phosphite of ammonia, experi-

ment with. Note
1],

_

. 274

Phosphorus, its origiii ob-

scure. Note f. 316

a caution respect-

in" its usc,Note^, 317

Platina,how oxidized. Note |],
307

— its amalgamation,
Note i,

Platina, how rendered com-
bustible, Note t, 367

vessel, employed in

rectifying sulphu-

ric acid. Note -j-, 363
—— vessels, disadvantage

of. Note, . 369
valuable alloys of. Note, ib-

proposed to be em-
ployed in enamel
painting, Note §, ib.

Plumbago, found in wells,

Note_§, . - . 337
Porcelain tower in China,

Note =!•, . . 154
manufacture of im-
proved, Note f , ib.

Potass, formation of, Note f, 182

of commerce will not

crystallize. Note *, 196

Prusslates, one of their pecu-

liar properties,

Note t, . 142

their use as reagents,

Note . 283

Pyrites martial, burn sponta-

neously, Note, S28
often produce serious

accidents . . 328

Q-
.

Quiclclime, its affinity for

water, Note f, . .165

Rags, bleaching of . .22
Rain, theory of, A. N. No. 63. 53-1

Refining, not always conducted
CEconomicallv . . 20

Roebuck, Dr.,the author of the

present process of making
sulphuric acid. Note *, 214

Rock rrvstal fused. Note f, 456
Rock salt, an immense moun-

tain of, in America, Note +, 186

Ruby, how analysed. Note, 473

S.

Saline solutions expand in cool-

ing, Note *, . .118
Salt, Its use in agriculture, Note, 267-

mountaiu of. Note -j-, 186
works in Syria, Note f, 296

Sijilts, their species, very much
multiplied lately. Note 259
soluble and insoluble.

Note f, . . .291
Saussure’s remarks on vegeta-

tion, Note §> • . '34 f. 372
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iNDE^.

' Ship Ajax, how imagined to

have been lost. Note, . 328
Silcx, in Bath waters, Note j, 144
Siliceous fossils, A N. No. 41. 518
Silver, its antiquity in com-

merce, Note . 360
mines in Scotlahd and
Ireland, Note, . SCI

native, from China,
Note, . . . ib.

— coins, how fraudulently

diminished, Note f, 363
— fulminating. Note f, 364

sulphuret of. Note f, 362
Smyth, Dr. Carmichael, his par-

liamentary reward. Note §, 251

_ Snow, its lightness, how ser-

viceable to the earth.

Note . .81
a curious example of its

production by rare-

faction, Note, . 122
Soils, all good ones contain lime 169
Solar rays, remarks on. Note *, 89
Soluble tartar. Note, . 281

Stansbury’s patent locks. Note, 369
Statues, how made in Peru,

Note, . . . . .341

Steam, its power increased.

Note *, . . 121

used in bleaching.

Note *, . .124
Steam-engine,improved,Note *, 121
— the masterpiece

of human skill.

Note, . 124

Steel, its peculiar ductility.

Note *, .
'

. 390
—— its hardness accounted

for. Note, . . 385

Stone chambers for bleaching.

Note, . • . 124

Stroutian, in what instances it

dift'ers trom the alkalies.

Note
II,

. . .143
Suberates, their properties.

Note t, .
_

. .282
Sulphur, discovered in vege-

tables, Note t,
'

• . 313

Sulphuric acid, easy process

for making. Note f, 208
. — new theory of forma-

tion of. Note

.

214

French theory of its for-

mation, proved false,

A. N. 63. . .635

Sulphites, how formed. Note j, 265

Super-sulphuretted hydrogen,
Notef, . . .308

Swinestone, Note ^ . . 309

T.
Tan, formed artificially, . 14
Tanning, a hint towards in-

creasing the' profits of the

trade . . . . ib.

Tellurium, how discovered.

Note f, . ; . 425
Thermo lamp, introduced 70

years ago. Note, . 312
employed in Persia

to .support a popu-
lar superstition 204

Thermometers filled with al-

cohol, their use, Note f, 102
Tin, its purity how known.

Note *, . . . 392
used in the Roman coin-

age, Note, - . . 394
Titanium, where found,Note

1|,
425

Treneolitci its phosphorescent
property . . . 159

Tungstic acid, its peculiar ha-

bitudes, Note ||,
. . 235

Twilight, further explanation

of, A. N. No. 64. . . 535
Types, their composition. Note, 41

1

U.
Uric acid, collected from urine.

Note f ,
. - . 24S

V.
Vanquelin’s remarks on alum.

Note, . . . 264
Vegetable acids, base of. Note j, 240
Vegetables, how absorb car-

bonic acid, Note, . . 331

Vegetation, new experiments
on, A. N. No. 57. . .531

W.
Water, produced by electri-

city, Note’*, . 126
decomposed by galva-

nism, Note . 125

decomposed by nature 127— decomposed by vege-

tables . . 127
decomposed by fish,

a

curious example of.

Note f, . . ib.

reproduced by galva-

nism, No.e . I2S
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Water, its repulsion, Note f , 483
its efficacy in vegeta-

tion, A. N. No. 57. 531
its circulation in lakes,

&c. A. N. No. 5. 494
hard, made soft by al-

kalies, Note +, 294
- in Iceland hotter than

the boiling point.

Note, . . 61

Major Williams’s expe-

riments on its expan-
sion, Note, j . 1-34

.. .. of the baths of Su Philip,

Note *, • •

White, for water-painting.

Note
[|,

. . 161

Y.
Yttria, its discovery, Note *, 157

^ origin of its name,
Note . . ib.

Z.
Zero, real, of temperature,.

Note f , . . . 101

Zinc, recommended for sheath-

ing ship bottoms, Note, 404
sulphate of, generally im-
pure, Note f, . . 40#

ERRATA.

Page 11, line 3 of the notes, for colour read colours.

1 1 , line S from the bottom, for these read similar.

17, line 7, read the note as a part of the text.

32, line 8 of the notes, for iegin to hoil read evaporate.

58, line 16 of the notes, dele the semicolon after the word u’a<w-

84, line 1 1 of the notes, iorfoul air read carbonic acid air.

90, line 14 of the notes, for 92 read 93.

103, last line but one,'for tolerable, read tolerably correct.

107, line- 3 of the notes, for 25.127® read 25127®.

Ill, line 7 of the notes, dele the before water.

121, line 5 of the notes, for 320 read 32.

ISO, line 7 of the notes, move the (;) from thm to it.

1.07, line 15 of the notes, for 58, read 5S.

144, line 3 from the bottom, for 60 read 61.

209, line 12 of the notes, for acids read acid.

282, line 11, for genius read genus.

313, line 5, for is solid read is a solid.

317, last line but two, for Jlours read Jlour.

324, line 5 of the notes, for being read both.
^

334, line 5 of the notes, for follhunng read following.
S76, line 1 1 of the notes, dele See Additional Notes, No. S3.

461, lipe 24 of the notes, for No. 19 read A'o. 40.

464, line 8 of the notes, for 346 re^d 341.

516, line 15, for to read of.

£60, last line but one, for gass read glass.
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To Merchants^ Druggists, Manvfacturers, and Arlis*^^

SAMVEL PARKES,

GENERAL MANUFACTURING CHEMIST,
AT

HaggerstoTie, near Shoreditch, London,

Prepares the following Articles of the utmost Purity, and upon

the best Terms.

Aqua-fortis, simp.— duplex
gilding

--dipping

brass founders.’

refiners’

Spir. Nitri-fortis

dulcis

Acid, Nitric

Purif.

* Muriatic
— dulcified

— oxygenized

Acetic

Boracic cryst.

Citric ditto

Fluoric

Oxalic crysf.

Tartaric ditto

Sulphuric, or

Oil of Vitriol

Aromatic Vinegar

Ether Acetic
—^ Nitric

Vitriolic

Liq. Vol. C. C.

Aqua Ammonias
purse

funis

fortissira.

Spir. Amn-ronia:

comp.
Aqua regia

Kali ppt.

tartarisatum— vitriolatum

Pliosphs^te of Soda
Sal Acetosellne

Acetate of Zinc
Oxymuriate of Potash
Nitrum Purif.

Cora.

Sal Enixum

Muriate of Tin, and all other Metallic Solutions.

Pnissiate of Copper, and some other line Colours, and

Every kind of Chemical Test in great purity.

Solution of Oxygenized Muriate of Lime, Dyers’ Aqua-fortis,

and all other Chemicals for Bleachers, Dyers, and Calico-

printers.

Aqua-fortis, Oil of Vitriol, &c., properly secured and packed

in Carboys, or Cases for Exportation. Orders by Letter,

accompanied with a Town reference, will be duly attended

to, -and executed with dispatch.

5Uch»t4 ’liyiot /ixl Co., Uujc-Une.














