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PREFACE.

Tue fubfiance of the prefent eflays is
part of the materials, colleéted by the
author with a view of delivering an ex-
perimental courfe of popular lectures on
Chymiftry and Natural Hiftory. Profef-
fional engagements having prevented the
adoption of his intended plan, it wasthought
by him, that it might prove acceptable to
the public in the prefent form.

It is not to be confidered as a ﬁri&!y'
{cientific work, but rather as one adapted
to convey uieful information to the clafs
called general readers, by which is meant,
thofe who are defirous of an acquaintance
with various literary and fcientific fubjects,
without entering into the minutie of any

fcience, .
A 8
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The {ubjedls, here treated of, being elu-
cidated and explained upon their tsue prin-
ciples, the work is calculated to' remove
many erroneous conceptions concerning

common occurrences.

By pointing out very frequent applica-
tions of chymical lalgﬁiv'lf:{Tgc to ufeful pur-
pofes, the reader will be led to form a
notion of the extenfive utility of the fci-
ence; and by preferving a conneétion be-
tween the fubjets of the different eﬂ"ays;
it is prefumed that he will have formed a
general idea of the whole fyftem of Chy-
miftry.

Should the view, that is here given, ex-
cite a fingle reader to a further profecution
of the ftudy, or thould the fubjeét, as here
treated, be the means of diffufing informa-
tion, that is at all ufeful, the author’s am-
bition will be fully gratified.
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Subjects connefted with Chymiftry are
fo numerous, that the work might eafily
have been fwelled to a much larger fize;
but by attempting too much, we frequently
effect nothing. It is hoped that the felec-

tion will be thought judicious.

The prefent work differs effentially from:
the fcientific and well-received ¢ Chymical
Effays” of Dr. Watfon. He has given
complete eflays on fingle detached fub-
jects, whereas the author of the prefent
work has introduced a very great variety
of interefting matter into each effay, and
has connected the different eflfays together
into a feries. He has alfo been careful to
felect fubjects, that are more generally in-
terefting.

In a work of this kind the materials muft
of courfe be colleéted from a variety of
aunthors, whom it would be ufelefs and tire-

A 4
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fome to quote. Chaptal, Prieftley, Saui-
fure, Pictet, Foureroy, St. Fond, Rumford,
Kirwan, Bancroft, Saunders, and many
others, have been occafionally had recourfe
to; and fome of the experiments related
by Mi. Henry, in his valuable Epitome of
Chymiftry, have been felected as appropri-
ate, and particnlarly correct.
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ESSAY E
THE OBJECT AND UTILITY OF CHYMISTRY.

To the fludent, defirous of information, two
queftions ﬁatumliy arife on hearing the name of
any [cience, profeflion, or art, which has not been
the fubje@t of his fludies. He firft inquires what
is the objec? of this science, profeflion, or art, and
what kind of information it affords, He then as
cagerly demands to be informed- of its wtility.

Suppofe geography to bhe the fcience; what 1%
geography ? he alks; what does it teach? or what
does a knowledge of it imply? Geography, he ig
told, is the fcience, that teaches us the divifion
of the globe into land and water; the former into
kingdoms, and {maller ‘portions; the latter into
feas, lanes, and rivers; and then teaches us the
velative fituation of thefe varvious parts, What
is the advantage of this knowledge? is the next
guefltion; and he is told in anfwer, how much the
traveller is benefited by it in traverfing diftamt
regions; how ufelul it is to the general marching
into an enemy’s couniry; how neceffary to the
fludent of natural hiftory ; and how requifite to the
philofopher, fludying the manners, moral and poli-

tical, of different nations.

B




THE OBJECT AND UTILITY

td

If aftronomy is the fubjeét of inquiry, the fame
fuestions arife; and he is informed that its objeft
1s, to teach the fituation and motion of the fun,
planets, and other heavenly bodies; their fitua-
tion with refpeét to the earth, and to each other;
and their motion in their refpeftive orbits, as

‘well as on their own axes. As to the advantage

of fuch knowledge, it is various, and important.
It enables us to foretel the change of feafons, as
well in countries that we never wvifited, as in our
own; to. explain- and to predict various natural
ph@nomena, as ecliples, conjunétions of the plan-
ets, and the appearances of comets; and by the
aid of calculation it teaches the navigator to fteer
his courfe through unknown feas, and to afcer-
tain his precif& {fituation either on the ocean, or
on the land, though in climes never before vifited

r

by man.
Similar queftions to the above muft naturally

arife refpeéting other fciences; and the anticipa-
tion of them refpetting chymiflry will furnifh us
with matter for the prefent effay; forming an
appropriate, and, I truft, interefting introduétion to
the reft. - .

In pointing out the objeét and utility ef chy-
mifiry, 1 fhall explain ina general way the advan-
tages that have been derived from 1it, 1n 1ts
extenfive application to the arts; and the affift-
ance it affords us in explaining a variety of
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natural phxnomena, and in ftudying the Dthcr_
. fcaences.

CrvyaisTrY, to define it, or exprels its obje&
‘in a few words, may be faid to teach us, the
changes that are effelled in the component paris gf‘
bodies by their mutual aftion. Butas definitions are
always dry, and the belt may become the fubjeft of
cavil and difpute, I fhall endeavour to illuftrate and
explain my meaning by the relation of a few fimple
experiments.

When a piece of marble or a piece of chalk is
dropped 1nto a glafs of aqua fortis or a glafs of
vinegar, an effervelcence immediately takes place,
or the liquor froths, in confequence ot the extri-
cation of air or gas; the marble or chalk 1s
gradually diffolved, and the liquor at length.
remains clear and tran{parent. Certain changes
“have here been effetted in the component parts
of the marble and the acid, by their mut:al action
of the one upon the other; and it is the objeét of
chymiftry to teach, both what thefe changes are,
and how they have been effetted. What is called
practical chymiftry teaches us the firft, and theoreticat
chymiflry the {fecond part. _

This attion of the acid upon the marble, and
of the marble upon. the acid, differs materially
from any kind of mechanical aétion, and is called
a chymical actin. For inflance, it differs mate-
rially from the mere diffufion that takes place

-B e
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when fand and water, or oil and water, are agitated
together in a phial, By fhaking they are made to
act meckanically, and for a moment the fand oy
the oil is diffufed through the water; but no fooner
do you ceafe to agitate them, than they inflantly
fepardie; the fand fubfides to the bottom, or the
ol fwimson the furface of the water, But with
refpe€t to the marble and the acid, the former is not
merely diffufed; they have afted chymically, and
the marble will not be depofited on {flanding, nor
can they be again feparated bhut by other chymical
- attions, : .

The peculiarity of this kind of aftien, in
which it differs from other kipds, is, that it only
takes place at immealurable and micnfible dif.
tances; it being neceffary to chymical aciion, that
the particles of one body fhould be in clofe con.
tact with thofe of the other. Hence it follows,
that few folids can be made to aét chymically on
each other, a fluid and solid more eafily, and two
fluids dhill more fo, becaufe their particles are more
readily brought into contact,

Inftances however may be brought of chymical
aftion between fubilances in all thefe forms; and
we fhall fele¢t for examples luch as will prove
very amufing and interefling experiments,  As
an inftance of two folids being brought to all
chymically, rub together in a mortar fmall por.
tions of Lrimftone and the oxymuriate of potafh,
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By frituration they are made to act on cach other,
and the confequence is repeated flaflies, and {light
¢xplofiens. A fmall portable apparatus for per-
forming this experiment may -be had at the fhops
in London.

As an inftance of a folid and a fluid, drop fome
potalh into an infuflon of rofes; and as an exam-
ple of two fluidg, pour an acid into the fame infua-
fioni by the former the red liquor will become
green, and by the latter uddition it will recover
its original colour, or rather become bright red:
this change may be repeated on the fame liquor as
often as you pleafe by the alternate addition of an
alkali and an acid. ;

As another example of two fluids afting chymi.
cally on each other, mix together a faturated {olu~
tion of Epfom falt in water, and a faturated folution
of muriate of lime. In this experiment the two
tranfparent fluids are fuddenly converted into one
folid mafs, and that without freezing.

Laitly, as an inftance of chymical attion between
two galles or acriform fluids, mix the common air of
the atmofphere with mitrous gas, as in the common
eudiometer, and a diminutioh of volume, and for
mation of nitrous acid, inftantly take place.

The above experiments are all examples of chy-
mical atlions; and it is the objett of chymiftry to
afcertain, and to explain, the various changes that
kave taken place in them.

B8
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When two fimple bodies are made to unite chy-
mically, we call the fubftance refulting from, the
union & compound. This compound may again
unite either to a fimple or to another compound,

forming in the firft cafe a triple fubftance, or in

the laft. a compound of four fimples; and thefe
again _may unite to others, forming f{ubflances fill
more compound.

Now 1t is one of the grand objeéts of chymftry,

to leparate thele compounds into the fimple ele-
ments, of which they are compofed; and the
operation by which it is performed, is called ana-
Lyfis.
- When we bave accurately analyfed any com-
pound fubftance, we may often reproduce it by
properly combining the fimple fubflances, of which
we have difcovered it to be compofed. This pro-
*cefs 1s termed [ynthefis, which in the 1nveihigation
-of any chymical fubflance forms with the former,
namely analyfis, the complete chymical teft.

Ot what 1 have here faid I fhall now give an

'examp]f: in the decompolfition and recumpoﬁtiun

of Epfom falt. By diulolving it in water, .and
then adding an alkali, the foflil alkali, called foda,
for example, an earthy powder 1s precipitated,
which, when colleéted by filtering the liquor
through paper, is found by particular chymical
tefls to be magnefia. The filtered liquor by fur-
ther tefts is dilcovered to Le nothing but Glauber’g
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falt diffolved in water. - Now Glauber’s falt 1s
known to be foda:combined with fulphuric acid,
or oil of vitriol, the former of which was added in
the experiment. . We have here analyfed Epfom
falt, and found its conftituent parts to be magnefia
and [ulphuric acid. |

If magnefia be diflolved in fulphuric acid, di-
Juted with water, and the liquor evaporated, a
fale is cryftallifed, that is found to be Eplom falt ;
fo that we have here the fynthetical proof, that
Epfom fult is a combination of ;nagncfiu and {ul-
phuric acid.

Some chymical fubftances have a greater difpo-;
fition to unite ithan- others, as f{ulphuric acid and
foda, than {ulphuric acidvand magneflia, in the
above experiment. This 1s termed their chymical
attraéiion, or affinity ; and mn chymical language we
fay, that fulphunc acid and foda have a ltronger,
afhnity, than the former and magnefia; or we fay
that fulphuric acid has a ftronger attrattion. for foda
than for magnefia.

It 1s in confequence of thefe different affinities,
that we are enabled to decompofe one {fubftance by
the addition of another, as Epfom falt by the ad-
dition of foda; and it is the objett of chymiflry to
teach the degrees of thele aflinities between different.
fubllances, wl.ereby the chynult 1s able to foretel
the conlequence of mixing fuch and fuch {ubftances,

B 4
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together; and he who knows the moft in thefe
refpeéis is the beft praélical chymift,

I have now explained the obje&t of chymiflry,
and {hall therefore proceed to point out fome of
the moft flriking inftances of its utility, and its ap.
. plicability to ufeful purpofes,

Almoft every art may be confidered as a chymical
procefs; and although we fee many of them daily
performed by the moft ignorant - people, and al-
though fome may have been originally difcovered,
and even brought to their prefent flate, without
any afliffance from the chymift, yet they become
to him interefling objetts of attention ; and it is
only by his aid, that the nature of the procefs can
be underftood, and explained. It is by fuch know-
ledge that very many have been {implified, and im.
proved; nor are the original difcoverics of the
chymift few or unimportant.

In the art of dyeing, every part of the procefs
i1s chymical, and many improvements have heen
made in it by fcientific men. Dr. Bancroft in this
country, and Berthollet in France, have within
thefe few years done much i fimphfying the opera-
tions, and in rendering them lefs expenfive. Fhey
have alfo improved the dyes in fome cales, and in-
troduced many new colouriug drugs, the particulars
of which will fall more properly to be noticed in an

ellay on this fubjett.
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Bleaching again, which ten years ago was a pro-
eels of many months, may now be lefs expenfively
and more completely performed in as many days.
The difcovery of oxygenated muriatic acid, by
which this great improvement in the art of bleach-
ing has been effefted, was made by Scheele, a
Swedifh chymift; and Berthollet, a Frenchman,
has the honour of having firft applied it to this
purpofe ; and various {cientific men in this country
have improved the mode of ufing it. Every ma~-
nufatturer has now taken advantage of this dif-
covery, by which the extenfive bleach-fields are
contratted, and their goods brought to a much
earlier market.

Tanning is another art,, that has been very much,
and is likely to be flill more improved, by having
become the fubjett of chymical inveftigation. In
tanning, the objet is, to convert the foft and
porous hide into a more hard and compatt fub-
ftance, that is lefs ealily penetrated by water, and
lels liable to putrefattion. This has always been
chiefly effetied by long continued immerfion in an
infufion of fome bark, moft commonly oak bark.
Seguin, a Frenchman, examining the nature of the
procefs {cientifically, and alcertaining the chymical
qualities of the infufion, found. that it is not, as
generally believed, the afringent quality of the
bark, that operates the change, but a diftinét prin-
ciple, now called the tanning principle, which ex-

Bs
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10 THE OBJECT AND UTILITY

ifts in different proportions in the bark of different
trees. This tannins principle he has devifed the

- means of extratting, and applying to the hides in a
more concentrated form, than it had hitherto been
ufed; by which means hides, that required twelve
or eighteen months, may now be tanned in lefs than
as'mar;}' weeks, and of courfe be brought to market
at a much lower price.

In the making of pattery and porcelain every one
muft be aware of the great improvements that
liave been introduced within the laft ten or twelve
years; and it 1s- generally known too; that to
Mr. Wedgwood ‘we are indebted for moft of
thefe valuable improvements. 'This fcientific ma-
nufaCturer accurately analyfed the befl toreign
wares, to difcover of what earths they were formed,
and in what proportions ; he examined in the fame
way different antique vales, and other articles,
and by a very ingenious contrivance, which will
be noticed in a future effay, he invented the
means ofi-alcertaining the exalt degrec of heit,
to which any fuch articles had been expofed in
their baking. He then -fought  through various
parts of this country for earths, fuch as he wanted ;
what he could net find, he tormed artificially by
the due admixture of others; and, by all thefe
means combined, he has been enabled to imitare
the wares of China, and of other countries, that
‘excelled us; and has invented different kinds, both

4
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more ornamental ard more uféful, than what were
before manufattured. ; _

It will require litle confideration to fhow the
application ot chymiltry to melallurgy. None
of the metals are found naturally pure and una
combined, at lealt not in any confiderable quan-
tity. They are united fometimes with [ulphur,
fornetimes with pure air under the term of calces,

{fometimes with acids, and often with each aother, "

Copper, for inflance, is found-in all thefe ftates ;
in the form of pyrites with fulphur, of calx with
pure air, of blue vitriol with fulphuric acid, and
often mixed with filver, and other metals. It is
true that the. means of feparating and purif}!ing
many of them have been accidentally difcovered
b};r unfcientific men; but with how much more
certainty, -and. how much more fimply, will he
execute the bufinefs, who, acquainted with the
affinities, and other laws of the {fubftances he ein-
ploys, knows exatly, what will {eparate their com-
ponent parts, and what -will purify them from ad-
ventitious matter. One or ‘two inflances of the
advantage of chymical knowledge in this depart-
ment will fufficiently evince the EhthﬁvE appli-
cability of 1t to metallurgy.

Copper is frequently found combined with vi-
triolic or fulphuric acid in the form of blue vitriol;
and in the mines, where it 1s found in this flate,
there are fiequently ftreams of water very much

Be
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mnpregnated with this copper ore, which were

formerly thought ufelefs, and were confequently
negletted.

Chymiftry teaches us that fulphuric acid has a
fironger attrattion for iron than for copper; of
which fact you may eafily convince yourfelf by the
following fimple experiment: Diffolve fome blue
vitriol in water, and immer{e into this folution the
blade of a knife, a key, or any other piece of po-
lished iron, and you will prefently perceive its
{urface to be covered with a layer of copper, the
acid of the witriol having {feized on the iron, and
in the fame proportion depofited the copper. To
ap}ﬂy this ufetully to the point in queftion, it 1s
only neceffary to throw old ufelefs iron into thefe
fireams, and a depofition of good copper will be
gradually “effected; which is a plan, that 1s now
very generally prattifed.

Az another inftance, fomewhat fimilar to the
former, of advantage derived from chymiftry, I
thall mention a mode of obtaining green vitriol
adopted in a manufaétory at Newcaftle. There is
often found among the coals of that place a large
quantity of an ore, called pyrites, which, as it
injures the quality of the coals, is always separated
from them, and was heretofore confidered as ufe-
lefs. The chymift has now taught the manufatturer

to convert thefe pyrites into green vitriol, and has
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thus rendered valuable what was before confidered

as ufelefs,

The pyrites contain both iron and fulphur; green
vitriol is a combination of iron aad fulphuric aeid;
what 1s to be effetted therefore is, to convert the
{ulphur into fulphuric acid, and difpofe it to unite
with the iron. This converfion only requires, that
the fulphur fhould be made to combine with oxygen,
or the pure part of the air, for fulphuric acid is
fulphur acidified by oxygen, and the mode adopted
in the prefent inftance is as follows.

A large area of ground is enclofed, that has a
gentle dechvity ; the furface is made even, and is
covered with afat clay, and a furrow is formed in
the midft of it, to collett and convey the water to

proper refervoirs. The pyrites are {pread out in

layers on this area to the height of fome feet, and
by expofure to the air, rains, and other viciflitudes
of the weather, they {oon heat, fwell, and fall into
powder. This operation is affifted by turning the
pyrites with rakes, that have iron teeth, and by
occalionally fprinkling them with water, when the
feafon is dry. The fulphur by this procefs abforbs
the oxygen or pure part of the air, which converts
it into fulphuric acid. This acid {eizes the iron,
and forms green vitriol,. which, diffolved in the
water, 18 conveyed into the refervoirs. From thefe
refervoirs it is carried to coppers, where it is boiled,
and evaporated to a {ufficient ftrength, It is then
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cryftallifed by cooling in wooder. troughs. This
green virnol, martial vitriol, or copperas, as it is
often called, forig an atticle of traffic, and is ufed
by* dyers, and trequently by curners, as alfo in
many other of the arts; and 1t is a principal ingre--
dient in the making of ink. It is likewiie a very
ferviceable medicine in a variety of complaints.

In brewing, baking, making wine, [pirits, vine-
gar, &c.,'we have pure chymical procefles, that
can only be thorouglily underftood by the chymitt,
and are confequently moft likely to be improved
by him. To enumerate and delcribe all the im.
provements made by chymufts in thefe and other
arts, .would be unproper in an intreduttory effay.
I fhall therefore now conclude the applicability of
chymiflry to operations of art, by a late improves
ment in the art of making vinegar in the large way.

It 1s a fatt now well known, that beer, wine,

fugar and water, and other fuch liquors, become

four, in confequence of their abforbing . or ims-
bibing the pure part of the air, or oxygen. It is
alfo known, that the greater the furface of the

liquor, that is expofed to the air, the more quickly

it abforbs the pure part of it, and becomes four.
This therefore 1s the grand point that is to be
aimed at in the whole procefs; and by conftantly
pumping the liquor into a large cuoler, through
which it is allowed to run in a f{low {lream, and
return to the vat, from which it was pwmped, the
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furface thus expofed to the zir is confiderably
greater than it would otherwife be, and the time
of making the vinegar 1s thereby very confider:
ably fhortened. For the {ame realon, when it is
made in the {mall way, the air fhould be freely ad-
mitted, and the caflk be not more than half filled, that
a greater furface may be in contaét with the air.

. The fublerviency of chymllry to the other fci-
ences might be expati:ted upon very largely, but
not without entering too minutely into the [ciences
themfelves. - Medicine has been benefited by it in
a variety oi ways, in the compolition of remedies,
as well 25 1n ‘thc-.; prattice.  Almoft all the animal
funétions, as refpiration, digeflion, &c. are chy-
mical procefles, fome perhaps peculiarly modified
by the principle of Lfe. Our breathing is a chy-
mical precels, that until lately was hardly at all
comprehended. The dileales of the chell, where
the organ of refpiration is feated, will naturally be
fuppofed to be connefled in a great mealure with
the ftate of that funtion. This is cm-m?u@ the
cafe; and the phylician-therefore, 'who is ignorant
of the nature of this chymical procefs, will be much
els likely to employ the proper remedies, than one,
who 1s well acquainted with this important func-
tion. Numberlefs fuch inftances might be pointed
out, to fhow the fuperiority of that part of the pro-
tefhon, that 1s well verfed in chymiflry, over fuch
2 know nothing of this {cience.
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The natural philofopher, without the aid of chy-
miflry, would form but an inadequate notion of the
properties of air, water, fire, or light. He would
know that the air of the atmolphere is elaftic, pon-
derous, and more or lefs compreflible ; but he
would be ignorant that it is a compound of a pure
and an impure air, the firft fupporting combuftion,
and life by refpiration, whillt the other is unfit
{or either.

The mineralagift requires chymical tefls to dif-
criminate between fubftances that to the eye appear
fimilar, and to afcertain more fixed characters for
diftinguifhing between one mineral and another.

Laftly, the agricultury? may derive advantage
from chymiftry by f{cientifically examining the na-
ture of the foil, and the nature of his manures,
and by thefe means learning properly to adapt the
latter to the former,

I have now pointed out fome very palpable ex-
amples of the ufeful application ot chymical know-
ledge. To explain more fully the procefles, that
I have here only hinted at, will occupy fome of the
future Eilays, in which I fhall likewife feleét fuch
oihers, as are likely to prove moft intereffing and
moft ufeful. I thall at the fame time endeavour
to preferve fuch a connettion between the {fubjetts
of the different Effays, as fhall convey a general
idea, at leaft of the outlines, of the whole [cience

of chymiftry.
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CHYMICAL ELEMENTS,

In every age there have been certain fubflanécs
eonfidered by the philofophers of the day as cles
ments, or {imple fubftances;, of which every thing
elfe has been fuppofed to be compounded, But
what have been enumerated by the philelophers
~of one age as elements, have been afterwards
proved by thofe of another to be compounds;
and as the feience of chymiftry has been im.
proved, we have difcovered the means of analyfling
or decompofing what was previoully conceived
¢o be a fimple. Thus water, from time imme-
morial to a very late period, was allowed by all
philofophers to be one of the elements of nature;
modern chymifts have however decompofed i,
and detefted with accuracy the ingredients of
which it i1s formed, and even the propoitions in
. which they exift.. For many ages pall, and even
.to this day by many, earth, air, fire, and weter,
have been, and are confidered the four elemeuts,
of which this globe, and every thing terreflrial,
are formed. Chymiltry now teaches us, that there
are many kinds of eayth, aud many kinds of air,
perfetly diftinét from each other, fome of which
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are’ compound, and fome fimple. It teaches us
that“fire, called now caloric, is a fimple {ubftance ;
and that water, as I faid before, is a compound.
Although we can now treat more accurately of
the elementary {ubftances, we cannot {peak de-
cidedly; and you muft flill keep in mind, that what
are at prefent termed elements, may by future chy-
mifls be difcovered to be compounds; and that we
only mean, by calling them fo, to affert that, in the °
prefent ftate of chymical knowledge, they are not
decompofable. The {ubftances at prelent confidered
as elements are the following. Caloric (the matter
of heat or fire); light ; oxygen (the bafe of pure or
vital air); azote'(the bafe of 1mpure air) ; hydrogen
(the bafe of inflammable air); carbone, or pure
_charcoal; phofphorus; fulphur ; two of the alkaline
falts, viz. foda and potafh ; the nine éarths ; and all
the metals. |
As thefe are the fimple fubftances at prefent
known; a complete body of chymiftry would be
given, by treating of their various combinations
with each other; and perhaps the moft {cientific
fyflem would be formed by treating of each fim-
ple fubflance feparately, and noticing under the
head of each all thofe compounds, that derive their
moft remarkable properties from that particular ele-

ment.
W hether, however, this might or might not be

the beft mode of forming a complete fyltem of
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chymiftry, it will afford a very convenient arrange-
ment for the partial account intended to be given in
the following Effays. It will afford us every op-
portunity, that can be wifhed for, of noticing fuch
peculiarities in the properties both of the elements
and thenr compounds, as will be thought worthy of
attention; and will lead us to notice their ufes, to
explain any art to which they may be applicable, any
lcience to which they may be {ubfervient, or any
phznomena which they may tend to elucidate. The
{ame plan will allo have the advantage of connetting
one Efl:y with another, and forming of the whole a
connefted feries, that will be calculated to give a
general idea of chymiftry as a fcience. The order,
in which the elements have been enumerated above,
is the order, in which they will be treated of; firft
then of beat and light.
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ESSAY II1. %
THE CONNEXION OF HEAT AND LIGHT,

Tuzere is fo infimate a connexion between hesat
and light, that we have in many inltances the ap-
pearance of the one being eonverted into the other;
they are fraquently concomitants i the fatie phas
nomenaj and she fame caules in & variety of ins
ftances produce both,

This their intimate connexion has given birth
to a variety of hypothefes; and various conjec»
tures have been hazarded in confequence, refpeét-
ing the nature both of heat and light. We muft
not however, in treating this. fubjeét, indulge in
thofe fpeculative opinions, that have occupied in
vain fo much of the time and attention ot phile-
{ophers, and concerning which there 1s flill as much
difcordancy as ever.

We mult pals over the long contended ques-
tions, whether heat 1s a mere vibration of particles,
or a particular fubftance; whether it is a modi-
fication or a component part of light; or whether
light, as fome ' fuppofe, is a component part of
heat, Ina popular work of this kind it would be
highly 1mproper to enter into abilrufe difquifi-
tions on f{uch points, and we fhall therefore, in
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goncurrence with the generality of modern chy.
mifts, fpeak of heat and light as fubftances, and
as diftin@t and fimple fubftances; and we muft
content ourfelves with noticing fome few inftances
of their connexion, without attempting to explain
them, The fun is generally confidered to be the
common fource, and the only fource, both of heat
and light; and it is probable, that all progeeded
originally from that fountain, although the light and
heat affarded by combuftion, the emiflion ot light

from phofphorus, and of heat by Iriftion, appeay

at firlt fight to be {o many inftances of diltiné
{ources,

The rays of the fun feem to afford heat only
when they meet with -an opaque f{ubfiance, and
pot when they pals through e traniparent one,
as air, or water, or when they are seficiied by a
white or polifbed one, The air 18 noi heated im.
mediately by the rays of the {un patiing thicugh
it ; but on their meeting with an opaque body,
as the carth for inftance, hcat is eheited, and ig
thence gradually cammunicated to the furround.
ing atmofphere, This accoumts for the intenfe
cold of lofty mountains, If the rays of the fun
warmed immediately the air, throngh which it
palled, the air ought to have the fame temperature
in thofe regions, as in the vallies below ; but it is
not until the rays are obftruéted hy the earth, that
they have the effett of communicating heat; and
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therefore the further we remove fiomh the earth’s
furface'the greater is the degree of cold.

When the fun’s rays fall upon a white or polifhed
body, they communicate no heat; and in propor-
tion as {ubflances have the power of refletting the
rays, is their temperature more or lefs increafed.
An .old but curious and interefting experiment
may be brought in elucidation of this fatt. If
pieces of cloth of different colours (white, fcarlet,
and black, for inftance) are laid at the fame
time on the furface of the fnow, where the fun’s
rays can fall upon them, they will be found after
fome hours to have funk into the fnow to va-
rious depths, according to their reflefting powers;
the white, which refleéts the moft light, will have
funk the leaft; the fcarlet, refletting lefs, will
have funk more; and the black, which refle@s
little or none, will have funk by far the deepeft
into the {now.

- In this experiment the rays fa]lmg on the b]acL
bemg abforbed, and not reflefted, produce heat,
which cauﬁng the fnow to melt, neceffarily makes
that piece of cloth to {ink; the others refleéting
more of the rays, lefs heat i1s emitted, and confe-
quently they fink lefs into the fnow. It is for
the fame realon that black clothes of all kinds are
much warmer in fummer than light-coloured ones.
And the fame fa&t, we are informed by Sauffeur,
s known to the Swifs peafants, and taken advan-
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tage of by them when the {now lies too long upon
the ground. He tells us, that, when this 1s the
cale, and they want particularly to fow their [eeds,
they are in the habit of {preading black cloths
upon the furface of the “fnow, to facilitate its
melting. |

You will now eafily underftand, why a thermo-
meter, that has its bulb blackened, is more fenfible
to an increafe of heat than a common one; and
why, when both are expofed to the light, the black-
ened one indicates a higher temverature. - In thig
cafle the rays of light, that dre reflefted by the com-
mon thermometer, are abforbed, and emit heat in
the blackened one, and confequently increafe the
temperature of the contained mercury.

That it is the abforption of light in this cafe,
that caufes the heat, 1s proved by interpofing a
plate of tranfparent glafs between a thermometer
and a lighted candle. The glals will evidently
intercept the rays of heat, and tranfmit only thofe
of light, and yet the mercury in the thermometer
will rife, and particularly 1f the bulb of it is
blackened.

The fultry heat experienced on the furface of
the water in a funny day arifes from the reflec-
tion of the rays of light. The temperature of the
water 1s. but little raifed, becaufe the light is re-
flefted, and not abforbed: but the reflefted rays
as well as the. dire€t rays of the f{un ftriking up'm;
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any objeft, that is on the furface of the 'water,
makes it fo much the hotter to perfons in that
{ituation,

Some perfons reafoning upon thefe fafts, that
light when abforbed emits heat, and that black
bodies abforb whalfl white - ones refle&t it, have
argued for the propriety of forming black walls_for
truit ¢rees; but their reafonings are infufficient
without experiments to determine the point, as
will appear from the following confiderations The
walls themfelves will no doubt be warmer than if
tuey were white; but the heat will be communi-
cated from the walls to the air immediately in con.
tatt, and not to the fruit, which very feldom touches
the wall, -and then only by a {mall furface; the
heated air being unconfined, will moft of it pals
away, and thus the heat emitted by the abforption
of light be of little advantage towards the ripening
of the fruit, But if the walls are white, they re.
fieft the light; and thele refletted rays meeting
with the opaque fubffance of the fruit, and other
part of the trees, emit heat, that is direétly applied
to the defired purpefe. The fruit is in this refpe&i
precifely in the {ame fituation with a perfon on the
{urface of the water,

1t is therefore neceflary to determine by expe-
riments, to what extent the temperature of the air.
18 increafed at the diftance from the black wall,
that the fruit ufually hangs; and whether it is more

6
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“inore than equivalent to the heat emitted by the ab-
forption of rays refletted from the white wall.

In a pinery, however, or other hot-houfe, par-
ticularly where there is no fruit growing near the
wall, I conceive that a black wall would be de-
cidedly preferable to a white one; for here the air,
heated by the warmth of the wall, not being allow-
ed to efcape, would increafe the temperature of the
whole air in the houfe; whereas the rays refletted
by a white wall would many of them pafs again
through the glafs of the windows and the roof,
without adding to the warmth within,

Befides the above inftances of intimate con-

nexion between heat and light, the phanomena of

combuftion afford ftill others. When the tempera-
ture of a piece of iron is raifed to the ftate called
incandefcence, that is until it becomes red hot,
it emits light as- well as heat; and when a more
inflammable {ubftance is heated, combuflion is tha
confequence, during which there is a rapid extri-
cation of light in the form of flame. The fource
of the light in thefe inftances is ftill a matter og
difpute. R,

Although heat and light are in fo many inftan-
ces very intimately connefted, we have examples
of the exiftence of the one without the other,

By friftion, heat is extricated unaccompanied by
light.

C Ie
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In phofphorus, and other bodies poflefling phof-
phorefcent qualities, as glow worms, fhining fifh,
and putrid animal and vegetable fubftances, we
have lLight without heat; at leaft the means have not
yet been dilcovered of rendering the heac fenfible.
And again, the rays of light refle€ted from the moon
have not yet been fatisfattorily proved to emit heat.
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ESSAY V.
{TEAT [N PARTICULAR. EXPANSION BY HEAT:

OuRr obfervations on heat in particular will be
belt arranged -I-J}?‘ confidering f{eparately the general
effetts of heat. Thefe are, l{t. Expanfion; 2dly.
A éhangq of form, as from folid to flu.id; or from
fluid te vapour; and 3dly. Combultion.

Expanfion by heat. All bodies, whether in the
folid, fluid, or gascous {late, are more or lefs ex-
panded in every dire€tion by the application of heat;

unlefs in fome inftances, where there feems to be a

chymical change in the nature ‘of the fubftance, as
in the baking of clay, where there is a contraétion
in all dimenfions, inftead of expanfion, which {eems
to arife from a femifufion, during which there is an
alteration in the arll'-angc:mf:nt of the particles, ap-
proaching fomewhat in its nature to the cryftal-
lization of falts. |
As bodies in general expand when heated, {o
do they contraét when cooled; but to this there is
an exception in the freezing of fluids, where, in
confequence of the new arrangement in their par-
ticles, there is always a confiderable expanfion,
The force with which water expands when in
the aét of congelation is immenfe. Mulchen-
C2
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broeck, who made experiments on this fubje& by

freezing water in mietallic globes, found the force
{ufficient to burft one of brafs, that would have

required a force equal to 277001bs. to have burft
it.

It is by this means that huge fragments of rocks
are feparated; the water that penetrates into the
fiflures expanding with fuch force during con-
gelation, as to break off the corners and pro-
je€tions.

The fame circumitance is {ometimes taken ad-
vantage of in {pltting {late. The Collywellern
flate is dug from the quarries in large blocks,
thefe are then placed in an oppofite direftion to
what they had in the guarry, and the rain is allowed
¢o fall upon them; it penetrates the fiflures of the
{late, and the firft fharp froft freezes the water,
which, expanding with its ulual force, iphts the
{late into thin layers.

The benefit that a froft is known to afford to
ploughed land, is effetted by the expanfion of the
water breaking and crumbling down the clods of
carth. :

The expanfion of a Jfolid body by heat may be
inftanced in iron, and other metals; If a cylin-
der of iron, that exafily fits a ring, fo as juit to
pafls through it, be heated until it becomes red hot,
it will not then pafs through the fame ring; but if
you immerfe it in cold water, or wait tll 1t is
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gradually cooled, it will pafs through the ring
again with the fame facility as before. This faét is
taken advantage of by coopers in faftening the ftaves
of a cafk with iron hoops; they heat the iron hoops,
and of courfe enlarge them, before they put them
en, that in cooling they may contraét, and tighten
the cafk.

In time-pieces this expanfion of metals is the
caufe of {light errours; the vibration, or time of
oscillation, of a pendulum is regulated by it's
length; the longer the rod the flower the vibra.
tion; in the fummer, therefore, the rod being
lengthened by the heat, the pendulum ofcillates
lefs quickly, and the clock goes {lower than in
winter; and this is the cafe with all clocks made
in the ufual way. To reflify this errour, time-
pieces, intended to be. very accurate, are made
with what is called the gridiron-pendulum, which
is invented on the principle that different metals
are expanded by heat in different degrees. Brafs,
for inftance, expands twice as much, and zinc
three times as much as iron by the fame increafe
of temperature. In the gridiron-pendulum, there-
fore, there are two rods of different metals, con-
neéted by a crofs-bar, fo proportioned in length,
and fo difpofed, that the expanfion of the one fhall
elevate the weight in the [ame proportion as the
expanfion of the other tends to deprefs it; the pen-
dulum therefore conflantly remains of the fame

Cs
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length, and the effefts of expanfion or contraétion

in the rod are counteraéted.

- In the glafs manufaétories the expanfion and con-
trattion of glafs by heating and cooling isa frequent
fource of inconvenience and expenfe. It is natu-
rally a very fragile article, and if cooled or heated
very fuddenly 1s known to crack, and break to
pieces ; hence _thé ne-::leﬂit}r of what 1s called anneal-

. ing, which is the expofing of new made glafs to be

very gradually cooled.

If heated glafs 1s fuddenly cooled, the external
furtace, having a ten_ﬂencjf to contratt whilft the in-
ner parts remain in their expanded flate, is neceffa-
rily ruptured in the fame way that a bladder filled
with éir, when wet, will be cracked in drying by
the exertion of its particles to contratt, whiiit the

. air within remains 1n the fame ftate of expanfion.

If theannealing of glafs be not well performed,
the particles on the furface may be contratled fo
much more, than thofe of the internal parts, as to
give the glafs an irregularity in its texture, but not
{o' much fo as to caufe a frafture. Such glafs ap-
]’]Eall‘s found, and is therefore faleable, but s ever
after lels able to bear fudden alternations of heat and
cold. This is the caufe why fo many glafs veflels
crack the firfl time that hot water 1s poured into
them, or that they are otherwile expofed to fudden

Teat. The reafon why glafs breaks by the too [ud-

den application of heat is, that the particles of the
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furface being mote heated expand more than thofe
of the inner parts, and in their tendency to {eparate
produce a frature. |

Several ingenious modes of breaking glafs in any
required dire€tion,” fuch as are prattifed by chy-
mifts, are founded on this circumftance ; by which
means glafs veflels that are broken may be fafhioned
and fitted for a variety of ufes.

One mode, as pointed out by Mr. Henry, 1s to
dip a pi¢ce of thread or ftring in {pirits of turpentine;
wrap it round the glafs in the dire¢tion that you re-
quire 1t to be broken in, and then fet fire to it,
Another mode is, to draw a red hot fkewer acrofs
the glafs in the delired 'direétion ; and a third 1s, to
wrap a red hot wire round the glafs, and if it does
not immediately crack, to throw cold water on 1it,
whilit the wire remains hot. The two former
modes depend upon the {udden expanfion, and the
laft upon the fudden contraétion of the particles on
the {urface of the glafs.

The expanfion of fuids by heat is much greater
than that of folids. It is made very evident by
heating {pirits or -any other fluid n a glals veflel,
that has a long and narrow neck ; as the heat is in-
- crealed the fluid is expanded, and it confequently
rifes in the neck of the vellel.

This expanfion of fluids las been very ufefully
applied i the conftruttion of thermometers, by

, C 4 '
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which 1t 18 made the means of meafuring the ‘va-
riations of heat in other bodies.

In the thermometer, which is an inftrument {o
common as to need no defcription, the liquor con-
tained in the tube is expanded by heat, and con-
tratted by cold, and confequently rifes and falls ;
which rifing and talling is rendered very fenfible to
the eye, by making the bore of the tube, which
may be compared to the neck of the vellel in the
former experiment, very fmall in proportion to the
bulb, which may be confidered as the body of - the
vellel. '

This tube being applied to a fcale, formed on
fixed principles, the rife and fall of the liquor with-
in it is meafured with accuracy, and thus becomes
the true fign of the increafe or diminution of tempe.
rature in any fubftance, to which the bulb of the
thermometer 1s applied. It does not however indi-
cate the real quantity of heat in fu¢h {ubftances, but
only fhows that one body i1s warmer than another,
and by how many degrees of heat the temperature
of the one exceeds that of another.

When a thermometer 1s immerfed in  water,
which caufes the mercury inthe tube to fland at the
fiftieth degree, and then into water, which raifes i
to a hundred, 1t 15 a common expreflion to fay,
ihat the latter water is twice as hot, or contains
twice as much heat as the former; and thus Sir




EXPANSION BY HEAT. 33

Ifaac Newton talks of boiling water being three
times as hot as the blood in the human body.

This however is an errour, and it arifes from the
idea, that the fcale of the thermometer commences
at the point, below which there is no heat. Thus
Newton believed the freezing point to be the natu.
ral zero, below which there was no heat ; whereas
we now know, that the freezing point is feveral de-
grees above the temperature of theair at certain fea-
fons in the polar regions, as in Hudlon’s Bay, or
at Kamt{chatka. In the latter place mercury has
frozen by e:{pc-.fure to the natural cold, fo that the
air at fuch time muft have been at lealt 40° below
the zero of Fahrenheit’s {cale, or 72° below the
freezing point.

By artificial means flill more intenfe cold than
this has been produced, and yet we have no reafon
to believe that we have reached the lowell point, orx
that of the privation of all heat.

The range of heat.from its lowelt to its higheft
degree may be aptly compared to an immenfe chain,
formed of links, that have exaftly the fame length,
the extremities of which chain are beyond the li-
mits of our fight. The moft diftant link, that we
can diftinguifh towards one extremity, we mark as
the firft, that next to it the fecond, and fo on, till
we come to the moft diftant that we can diftinguifh
towards the other extremity. Now in fpeaking of
the links of this chain, which may be compared to

Cs
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the degreesl of heat on the {cale of a thermometer,
it ‘would evidently be erroncous, to fay, that an
t}bj{:& placed at the hundredth link was twice as far
from the extremity, as onec placed at the fittieth;
nor could we fay how tar either was from the ex-
tremity ; but knowing that there are fitty links be-
tween the two, we can form an idea of their dif-
tance from each other, and their relative fituation
with refpett to other objeéts placed alc;ng the fame
chain, that are within our view.

So, with refpett to the-thermometer, we know
the number of degrees between the temperature of
boiling water and of ice; and that the former,
which is at 212° 1s as much hotter than water-at
122°, as this is hotter than jce, which 1s at 329,
there bemg 90° between each. Thus then the ther-
mometer teaches us the relative, but not the abiu-
lute heat of bodies.

The tube of the thermometer 1s fometimes ﬁﬂc{l
with air, fometimes with {pirits, and fometimes
with mercury. The air thermometers, being molt
delicate, are uled in fome chymical experiments;
;15 the air is expandéd or contratied 1 thefe theimo-
meters, a coloured liquor 1s made to fall or nife,
which marks the degree of expanfion, and Lunfm
quentt}r ihe variation of tempclﬂtum

The fpirit-thermometers are applicable to 1ntenfe
degrees of cold, becaufe the {pirit will not freeze
where the mercury wauld but they will not an{wer
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for fuch high Heg-rces of heat, the fpirit being fooner
evaporated. For ordinary ufe and for moft chymi-
cal experiments the mercurial thermometers are to
be preferred, and principally for this reafon, that
mercury is equably affetted by equal increments of
heat at différent temperatures, which 1s not the cafe
with fpirits, and itill lefs fo with air.

Thermometers, from their ‘conftruétion, are not
calculated to meafure very high degrees of heat; the
tubes would be broken, and the mercury would be
‘volatilized, 1t they were expoled to much heat.
To anfwer this purpofe other contrivances have been
offered.  Some thought that the expanfion of me-
tals would furnith a convenient meafure, others
propofed the rate at which metals cool, as a meafure
of their former temperature; but none can be com-
pared 1n accuracy to the pyrometer invented by
Mr. Wedgwood. |

Noticing the contraétion GF'{"]d:}J’?i!i baking,' he
found that it contraéis umiarmly according to the
degree of heat; and if the fame kind of clay is ufed,
that its contrattion becomes an accuratc meaflure of
the temperature.

His ]nmmcter confifts' of a number of f{mall
pieces of | -ghtl} baked clay, and a brafls plate with
“two rulers, fo fixed to it, that they gradual ly ap-

pmach each other. On this plate 1s a fcale of de- -

: grees, made to correfpond with thofe of Fahrérnheit's.
Lhe firlt'degree of the pyrometer corvef ponding
Cé
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with 10771° of Fahrenheit's, and each degree after.
wards equalling 130° of Fahrenheit’s. The pieces
of clay are all of a size, and fit in, between the ru.
lers, where the firft degree is marked.

When - this inftrument is ufed, one of the pieces
1s expofed to the heat required to be afcertained,
that of a furnace for infltance; and when it has been
expofed long enough to have acquired the heat of
the furnace, it is withdrawn, cooled, and then ap-
plied to the rulers, between which it is allowed to
flide as far as its bulk” will admit it. The degree
marked at the place, where it flops, indicates the
temperature of the furnace ; for the greater that has
been, the more will the clay be contrafted, and
confequently the further it will flide between the
converging rulers.

Before we quit the fubje€t of expanfion of fluids
by heat, we muft notice the peculiarity of water n
this refpet. Within a certain range of temperature
water follows the general law of being expanded by
heat, and contraéted by eold; but beyond this,
it is affefted in the oppofite way. When heat is
applied to water at 82° it gradually contraéts till it
arrives at 40°, whereas other bodies expand in the
fame fituation; but after it arrives at 40°, it follows
the general law, and is dilated by the further apph-
cation of it, When boiling water 15 gradually
cooled, it regularl}' contratts, until it arrives again
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at 40°, and then it fhows its peculiarity, and is ex-
panded as it is further cooled.

The final caufe of this peculiarity 1s to prevent
the fudden congelation of large malles of water, and
to preferve a warmth in fome part of the water of
lakes, and rivers, that may f{upport the life of its
various inhabitants. How it effefts this, is thus
explained.

Water never freezes until its temperature 1s re-
duced to 52°. When the particles of water are
expanded or contrafted by variations in their tem-
perature, they become fpecifically lighter or heavier
than the furrounding particles, and conlequently
Tife in the former and fink in the latter cafe.
When therefore the water of a lake, which is at
60°, is gradually cooled by the approach of winter,
the particles on its {urface, being firlt cooled, con-
traét, become fpecifically heavier, and therefore
{fink. Their places are fupplied by others, which
are cooled, contrafted, and {ink in the fame way ;
and thus the whole body of water is gradually
cooled. This procels would continue, were it not
for the peculiarity we have been fpeaking of, till
the whole bedy of water had been funk to the tem-
perature of 32°, and then the whole would be fud-
denly frozen ; which would prove certain deftruc-
tion to all the animals it contained.

This would be the cafe, did water expand and
contraét by heat lhike other fluids; but now, as foon
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as the water of the lake is all cooled to 40° the
particles on the furface no longer contraét, but on
the contrary expand ; they are confequently lighter
than the particles below, and therefore remain at
top, and .are fhll further cooled till they come to
8%°, and then ice begins to form.

Ice being but a bad condutior of heat, the pro-
cefs of cooling now goes on very flowly in the
water ; and whilft the air and icé are cooled, per-
haps far below 382°, the water under the ice re-
mains éven at 40°%,- or little below.

This wife provifion of nature, which anfwers
fuch an important end, 1s' confined to frefh water.
That of the ocean being prevented from i'rt?e:f:ing,
except in the polar regions, by its immenfity, its
communication with waters of warmer climes, and
by its cnm,unmg falt, which enables it to be reduced
below 352° without freezing, needs not this pecu-
liarity ‘of expanding after rts_tempmatmg 1s reduced
to 409 The water of the ocean theretore expands
and contraéts according to the general law, and this
'agam is attended with confiderable advantages.

It hewg necelfary that the whole body of water
thould be eqmll}r reduced 1n tempemtmc that on
the furface is feldom cooled fo low as 52°, and is
Ithr.re!'::u:'e, in the winter time, warmer than the at-
molphere, to which it becomes a conilant fource
of heat. The winds in palling over the ocedan ac-

quire warmth, and moderate the cold of the atmol-
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p'l;.ere on the fand to which they blow ; and this is
the reafon why iflands are more temperate than parts
of ‘the continent fituated in the fame latutude.

The expanfion of gaffes, aws, or galeous fluids,
by heat, may be inftanced in the fimple experiment
of holding -a half-blown bladder before the fire.
As the air in the bladder becomes heated, 1t ex-
pands, and what before only half filled it, now dif-
tends it to the utmoft. Itis by this expanfion of
air by heat, that heated bodies are enabled {o readily
to parrt with their heat to furrounding objetts, and
that fo jult an ejuilibrium is maintained.

When any part of the air is heated by the fun’s
rays on the earth, or by any heated body, it becomes
expanded, and of courfe afcends, wlllt other par-
ticles ot air rufh in to fupply 1its place. Thus heat
is tranfmitted from one place to ancther, and be-
comes more equally diffufed,

This 1s one caufe and the principal caufle of
winds. When the atmofphere in any particular
rcmmtr}f 15 heated, as in the torrid zone, the ex-
panded air afcends, and ‘currents of cooler air ruth
in on all fides to fupply its place. Thefe currents
form the monfoons and trade winds, which blow
regulaily 1n certain latitudes, and at ftated times.
The draughts ot air perceived in rooms, where
there are fires, are currents of air rufhing in to
fupply the place of the expanded air, that pafles up
the chimnies. It is by facilitating the egrefs of
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the heated air, that rooms are properly ventilated ;
and by contriving means to prevent its efcape, that
ftoves and hot-houfes are able to preferve their &~
creafdd temperatures.
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ESSAY V.

EFFECT OF HEAT IN CONVERTING SOLIDS INTO
FLUIDS, AND FLUIDS INTO VAPOUR.

WE now come to the fecond general effeét of
heat ; its power of changing the form of bodies
by converting folids into fluids, and fluids into
vapour. |

Moft fubftances are capable of being thus melted,
and vaporifed by the application of heat; and moft
probably all would be fo, were we able to excitg
a fufficient degree of heat. By abflralling the
heat, we again reduce moit vapours to their flud
ftate, and fluids to that of folids. And it 1s like-
wife probable, that fuch as at prefent we cannot
condenfe, or freeze, would be {ubjeét to thele
changes, were we able to excite a fufhcient degree
of cold, _

It 1s only when the temperature 1s railed to a
certain degree, that folids begin to melt, or fluids
to be vaporifed ; and this degree 1s. different for
every different fubftance, but is always precifely
the fame for the fame fubfltance, provided other
circumitances are fimilar. Thus ice always melts
when heated above $2°, as water always freezes
when cooled below 32%; and water is always con-
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verted mto vapour when its temperature is raifed
to 212°, provided the preflure of the dtmurj}nlLI‘E
15 the [ame.

Wasy has another degree at which it is melted,
lead another, {ilver another, and gold another. The
degree of heat, at which {pirits boil, or begin to be
converted into vapour, which is the fame thing, is
lower than the boiling point of water; and that, at
which wther boils, is a great deal lower fHill.

The point, at which {alt water freezes, is lower
than the freezing point of freth water; and in the
att of congelation its falt is depofited ; and the ice,
if feparated and melted, affords frefh water. Some
of our navigators have obferved this faét with great
joy, and' obtained a fupply of frefh water, where
they but little expefted to meet with it. The
mountains of ice met with at fea in the pu]ar re-
gions are wholly of frefh water, and pools or
bafons of frefh water are often found on them from
the partial melting of the ice.

Although all thefe fubflances have their fixed
points, at whichs they boil under fimilar circnm-
ftances, yet the preflure of the atmofplere has a
very confiderable influence in determining the

point. The greater the preflure the greater the
degree of heat requifite for making the liquor boil ;'
and the more we can diminith the preflure of the
atmofphere, as is done by the awpump, the lefs is

e
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the degree of heat that is required to convert it
1to vapour.

In this way ether, pirits, ;md even water, are
made to boil at the ulual tﬂmpcmture of the air,
when the preflure qf the atmofphere 13 removed by
means of the atrpump. So much is the boiling
facilitated by this means, that philofophers have
gone fo far as to affert, that, if all preflure. was
removed from the earth, every fubftance, folid as
well as fluid, would immediately be volatilized, or
converted into vapour.

For further obfervations on this point we fhall
confine ourflelves to the confideration of water, as
its influence on this fubftance 1s moft attended to.
Woater, upon 'an average, is found to boil at 212°,
and this is generally confidered its boiling point ;
but in this country there is a confiderable dif-
ference at different times in the wmght of- the
atmofphere. In the barometer, which ‘is the in-
ftrument for meafuring this preflure, the height of
the mercury varies as much as three mc'ms, and
a rife of one inch makes the water require two
degrees more of heat to boil it.  There is therefore
in this country a variation of fix degrees of heat in
the temperature of boiling water at different titiek;
When the barometer is at the lowefl, water will
boil at R09°; and when it 15 at the higheft, it will
not boif till it is heated to 215°,

The more elevated the fituation, the lels is the
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preflure of the air, and confequently water will
boil with lefs heat on the top of a mountain, than
in the valley.

An amufing experiment, eafy to be performed,
which 1 fhall now defcribe, fhows this effeft of
preflure on the boiling of water, as well as any
experiments that can be performed with the air-
pump. Half fill a Florence flafk, or other glafs
vellel, with boiling water, and eork it tightly.
The water is now at reft; but pour a little cold
water: on the upper part of the flafk, and it will
begin to boil ; then pour hot water upon it, and it
will ceale; pour the cold water again, and it will
beil ; and fo on, for a confiderable time.

The explanation of the experiment is this. When
‘you cork the flafk, {he upper part of it is filled
with vapour from the boiling water, and the cold
water poured upon this part condenfes the vapour.
Now as the air cannot get in, there is a partial va-
cuum ; that 1s, the preffure of air on the furface
of the water is confiderably diminifthed. This
being the cafe, the water will boil at a lower tem-
perature ; and the heat, which it retains, is fuffi-
cient for the purpofe. In the next place, by
pouring hot water upon it, that within is partly
again converted into vapour, which affords the fame
preflure as the air would do; the water therefore
ceafes to boil, becaufe its heat 1s in{ufhicient under

that preflure to make it boil.
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It has been faid, that, by increafing the preflure
on the furface of water, you retard its boiling. It
is on this principle, that what are called digeflers,
are formed. By means of [crews, the top of the
veflel is kept down with fuch force, as to prevent
the efcape of the vapour, which increafing the
preflure on the furface of the water, in the fame

degree enables it to acquire a higher temperature, -

Papin carried his to that pitch, that the water ac-
quired a fufficient degree of heat to melt lead.

A veflel on the {ame conftruttion, but of far
lefs power, 1s now introduced into the kitchen with
economical views. By enabling the water to be
heated much above the boiling point, its folvent
powers are increafed ; and thus bones are made
to afford their glutinous and nutritious parts to the
water, that common boiling would not be able to
éxtratt.

The immenfe power that is exerted by water,
on the point of being converted into fteam, re-
quires digefters, and other inftruments, intended to
confine it, to be made with great care, and with
amazing {trength, '

By a fufficient increafe of heat it may be made
to exert almoft any force. It has been made to
burft cannons, and ftill fironger machines ; and by
the important invention of the fteam engine, it 1s
brought to move very heavy weights.
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When a f{ubftance undergoes the change that we
have here been talking of,” from folid to fluid, or
fluid to vapour; it is not only neceffary to raife its
temperature to the meliing or boiling point, but to
fupply it with ftill more heat, for the converfion
1s attended with an abforption of heat. :

When ice 1s melted it abforbs heat from all fur-

-rounding bodies, which heat hes not the effeét of
increafing its temperature, but becomes latent ; the

water 1s not hotter to the feeling, or to the ther-
moieter, than the ice was, before 1t was melted,
but it has ahforbed and contains more heat.

The fame lLappens, when a fluid 1s converted
into vapour ; and the fame quantity of heat, that
1s thus abforbed, 1s again extricated, when the va-
pour is condenfed into a fluid, or the fluid frozen
into a folid.

The application of this faét aflifts us in explaining
a variety of phenomena, that without the knowledge
of it would be mexplicable. . Put a vellel of {now
or of ice before a fire, and although 1t is all the
time receiving heat from the fire, a thermometer
immerfed in it thows no increafe of temperature ;
all the heat, that is received, being neceffary to
convert the {now into water: but as foon as it 1s
all melted, the thermometer begins to rife.

‘Were it not for this circumflance, all the fnow
and ice would be inftantly melted, when the tem-
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-perature of the air is raifed above 32°, the confe-

quence of which would be dreadful inundations
-after every winter.,

So much heat is abforbed when a folid becomes
fluid, that if we can fuddenly effett the converfion,
we produce a great degree of cold, and on this de-
pend the effeéts of freezing mixtures. When [now
and falt mixed are melted in a warm room, {o
much heat i1s ablorbed by them that a veflel of
water immerfed in the mixture becomes frozen,
notwithftanding the warmth of the room. In this
way our confettioners prepare different kinds of
ices i the fummer. Various mixtures of falts,
when diffolved in water, produce the fame effett
without the addition of ice. Eleven parts of fal
ammoniac, ten of faltpetre, and fixteen of Glau-
ber’s falt, mixed with thirty-two parts of water,
will produce a cold fufficient to freeze water. By
diffolving muriate of lime in nitrous acid even
.mercury may be frozen.

The heat that is given out, when water 1s frozen,
tends to moderate the intenfity of our winters, and
accounts for the increafe of warmth that is fre-
quently obfervable after a fall of fnow. Other
fluids give out heat during their converfion to a
folid ftate. In falts it may be inftanced by the
following experiment. Boil a pound of Glauber’s
falt in a pint of water, and when boiling hot, pour
fome of this faturated folution into a phial, but




48 EFFECT OF HEAT.

not fo much as to fill it; cork the phial clofe, and
Tet it ftand to cool. When cold, the folution 1s ftill
fluid ; but the inftant you draw the cork, the falt
becomes cryftallized, and the whole mafs folid, and
at the fame time {o much heat is evolved, as to
make the phial very {enfibly warm. This is an in-
ftance of heat being given out by a body during its
converfion from a fluid to a folid flate.

The explanation of the experiment is this : water
will diffolve more Glauber’s falt when hot than
when cold ; and cold water will diffolve more in
proportion as the preflure of the atmofphere is dimi-
nithed. The hot water was here {aturated, and
would, if fuffered to cool in an open veflel, have
depofited part of the falt; but by corking it when
hot, the fuperior part of the phial being filled with
vapour, would form a partial vacuum on the furface
of the folution, when by cooling the {teamn was con-
denfed. The preflure of the atmofphere being thus
diminifhed, the cold water was able to retain in fo-
lution all the falt that the hot water bad diffolved ;
but as foon as by drawing the cork you admitted
the ufual preflure of the atmofphere, the cold water
was rendered incapable of holding fo much falt in
folution, and part was inftantly cryftallized.

When fluids are converted into vapour, 1 have
faid, that there is much heat abforbed, and of
courfe cold produced. This takes place both when
they are vaporifed by heat, and when they are raifed

4
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by what 1s called fpttmtanemm evaporation ; which
procefs differs. from the former in other relpetts,
though it agrees 1n this,

When w®ther, {pirits, or water are expofed to the
air, they are gradually evaporated, and in this pro-
cefs abforb heat, as well as when they are made to
boil and are thus vaporized. To prove this, dip
the bulb of a thermometer in @ther, and expofe it
to the air, and you will find the mercury to fall
confiderably ; or dip your hand into the fame li-
quor, or inte fpirits, or even water, and then ex-
pofe it to the air, and you will feel a very confide-

rable degree of cold, in confequence of its abforb-
~ ing heat from your hand to convert it into vapour.

In warm climates the inhabitants cool their water,

and other hquors for drinking, by wrapping the
vellels in wet rags, and fulpending them in a cur-’

rent of air; or by keeping their water in porous
eaithen veflels, through which a part gradually
oozing is evaporated, and cools the reft.

It 15 this evaporation that makes a perfon feel fo
cold when his clothes are wet, although he is per-
haps [itting near a fire ; and it is the cold thus pro-
duced that injures the health much more than being
expofed to a cold and fharp air. It is the abforption
of heat by the vapour that prevents water from ac-
quiring-a greater degree of heat than 212°. If yOu
boil water ever fo violently, or apply to it ever fo
intenfe a heat, it never increafes in temperature;

D
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the heat that you communicate all going to the con-
verfion of it into vapour. In cooking therefore it
1s ulclels to apply additional heat to water that 1s
boiling, to make it, as the fervants call it, boil faft.
It you keep the water boiling at all, that is {uffici-
ent; and in many cafles indeed articles will be as
well done, and as {oon done, by a heat confidera-
bly lefs than that of boiling.

- Having obferved that vapours contain more heat
than fluids, and fluids than {olids, when their tem-
perature 1s the fame, I muft now add, that among
fluids, among folids, or among vapours, one kind
contains more heat than another ; thus a pound of
water contains more heat than a pound of mercury ;
a pound of iron more than a pound of tin; and a
cubic foot of common air more than the fame quan-
tity of inflammable air.

According to the proportion that different bodies
poflefs, fuch we fay is their capacity for beai ; thus
we fay that water has a greatcr capacity for beat
than mercury, and iron than tin. The confequence
of this difference of capacity is, that different bodies
expoled to the fame heat require different times to
be raifed an equal number of degrees; thus, expole
the fame quantity of mercury and of water to the
fame heat, and the former will be heated 8°, 10°,
or 12°, long before the water, becaufe it requires a
lefs quantity of heat to raife 1t.

L)
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In chymical experiments, whenever there is a |
change of capacity without a change of temperature,
there is fure to be a fudden evolution of heat,” or
abforption of it producing cold. Thus on mixing
{pirits and water, and ftill more on mixing vitriolic
acid and water, a very f{enfible degree of heat 1s
evolved, becaufe the mixture has lefs capacity for
heat, than the two feparately. So the heat produ-

ced when fluids become {olid, and the cold when

they become vapours, as mentioned above, is ex- :
plained by the folid having 4 lefs and the vapour a
greater capacity for heac than the fluid.

All the heat afforded by combultien of inflamma-
ble bodies 1s given out, m confequence of the re-
fult of combuition, -as the afhes, {moke, &c., hav- '
ing a lefs capacity for heat, than the combuflible
body, and the air that has been confumed.

There is another law of heat that requires to be
mentioned, viz. that it paffes more readily through
one {ubftance than another ; and this quality i the
{fubftance to tranfmit it, 1s termed its con’luting
patver. : If you hold a glafs tube and a picce of
wire with your hand in the flame of a candle, you
will foon be made fenfible that the wire is the “bfrﬂ.
conduftor. Air, when confined, is a bad conduc-
tor ; and this is the reafon why all porous bodies
are fo.

Wool, by admitting and confining particles of air
in 1ts interflices, is a very warm covering for the
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animals that bear it, and a warm clothing for
mnan.

Double windows and double walls make the
warmeit rooms in cold climates, and the coolefl in
warm climates ; for the zir enclofed between them,
b{‘-:ing a-worfle conduétor than either wood or {tone,
prevents the egrefs of heat in the cold, and its n-
grefs in the warm climates. For the {ame reafon
partitions made with lath and plafter, with an inter-
mediate fpace, make the rooms mn this cliunate war-
mer than wainfcot partitions.

In hot-houfes not only the walls but the f{alhes
fhould be double, to retain the heat mofl efleétually.

Snow being a light porous body 1s a bad conduc-
tor of heat, and on this account is of infinite fer-
vice in preferving vegetation; for let the air be ever
fo cold, the ground, that is covered with {now, 1s
feldom reduced in heat below 82°; and this ac-
counts for animals living fo long, that are buried
in the {now. '




ESSAY: VI.
COMBUSTION.

Tur third and lat general effe€t of heat 1s
eombuflion. \Vhen a body, that 1s not very inflam-
mable, 1s heated to a certain degree, it becomes
luminous, as iron for inftance, and is then fad
to be ignited, or to be in a flate of incandefcence;
but when a more inflammable {ubflance 1s heated,
it undergoes a procels called inflammation, during
which heat and light 1n a greater proportion are
emnitted, and the chymical qualities, both ot the
inflammable body and of the furrounding air, are
materially altered.

Incandelcence is probably the f{ame procels
with ' inflammation, only in a {lighter degree,
and we fhall confider both under the terin combuf-
tion. : '

“T'he combuftible body in common language 1s faid
to be confumed; but it mult not be fuppoled that it
1s annintlated, that it 1s ablolutely deftroyed, for in
fatt it 15 only changed; and the refults of combuf-
tion are always equal in weight to the inflammable
bedy, and the air ablorbed. :

It ought here to be obferved, that inflammation
or combuftion can never take place without air.

&8
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1f an ounce of phofphorus is confined in a veflel
of air, and the whole apparatus weighed, and if
you then fet fire to the' phofphorus, and let 1t
burn until it is, to fpeak in common language, all
confumed, the apparatus, on being again weighed,
will be found to have neither lofl nor gained by the
experiment. A change however has taken place,
the volume of air is diminifhed, and the phofphorus
1s converted into an acid; which acid, 1f weighed,
will be found equal to the pholphorus that has been
burnt, and the air that has difappeared. J
Similar fatts will be afcertained in cvery inflance

“of combuftion. There is a chymical change, but

no abfolute lofs or confumption. If the whole
produéts were colleéted after a candle is burnt out,
or after the combuftion of any kind of fuel, they
would always be found to equal in weight the in.
flammable body and the air, that {eem to have been
confumed.

As the prefence of air is an effential requifite
in every cafe of combuftion, and as it always
undergoes a chymical change, ‘it is probable that
it is the fource both of the heat and light that
are extricated. Of the heat indeed we know 1t to
be the chief, if not the only fource, in confequence
of the change of capacity that attends its chymical
change. The vulgar opinion, therefore, that the
fuel gives out the heat, and the candle the light, is
erroncous; and it is an inaccuracy in language to
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fay, that one kind of fucl gives out more heat, or
one kind of candle more light, than another. As,
however, the errour and the inaccuracy can be the
caufe’of no inconvenience, it would at lealt be
ufelefs in common converfation to make ufe of other
terms.

As air is thus neceflary to combuftion, great
attention to procure a fuflicient fupply becomes a
point of confiderable conlequence in promoting
and keeping up the procefs.” In conftructing
furnaces, and even in fitting up fire-places, 1t
requires the chief confideration. In the former,
the length of the chimney in a great meafure
influences the heat, by caufing a greater or {maller
current of air through the fire; and dampers or
regifters are in fome cafes ufed, which, by admit-
ting more or lefs air into the furnace, regulate the
intenfity of the heat. The ufe of bellows depends
on their fuppl;,ring a greater quantity of air; and
in the furnaces of iron-toundries immenfely large
bellows are ufed to in¢reale the draught.

In common fire-places, the dimenfions of the
chimney, the pofition of the ftove, and the free
accellion of air, are the three points chiefly to be
attended to, with a view of having good fires,
and preventing the inconvenience of {moky chim-
nies.

When the chimney 1s very large, as moft

kitchen chimnies were formerly built, they are
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almoft fure to finoke. The column of air in the
chimney not being all fufficiently heated to afcend,
t_hcrf: are different currents; the-heated zir afcends
in the middle, whilft the colder air defcends at the
lides, and in defcending forces part of the fmoke
with it mto the room.

To prevent this, the fire is’ made larger, and
the door,-or ‘a window, is opened; the heat now
is-{ufficient to expand all the air in the chimney;
but if the door orwindow is not open, there not
being a fuflicient quantity of air admitted by the
ulual crevices, the exteérnal air forces itfelf down
the fides of the .chimney to- fupply the place of
that which is confumed, and that, which being
expanded, palies up the middle of the c-himne'f,
and thus the fame inconvenience is repeated. By
contrating the throat of fuch a chimney, the
column of air<to be heated is lefs, and is fuffici-
ently expanded by lefs fuel, at the fame time that
the current of air required to keep up a brifk fire,
is leis; fo that the chimney will no longer {moke,
nor does the neceflity of opening the door exiit.

If a flove is placed very forward in the room,-
the heated air is expanded, and alcends’in the
apartment, and. the {moke along with 1t, paiticu-
larly when the fire 1s firlt lighted; the air 1n the
chimney being then not heated {o as to eftablifha
current. This is often oblerved in old-fathioned

s
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moveable fire-grates, and is generally remedied by
pufhing them a little backwarder.

The free acceflion of air is the molt important
confideration. We have feen, that withont it a
current of air will be formed down the ch:mney
that mull inevitabiy bring the fmoke with 1. In
fmall and clofe rooms 1t is the moft fréquent caufe '
of fmoky chimnies .and bad fires. When it is
found, that opening a door or window prevents
the finoke from delcending, the caufe 1s evident,
and the cure is generally accomplifhed by con-
triving a communication with the air; and if
this can be done under the grate, or near it, fo
“much the better: as a current of cold air from a
diftant part of the room will be fure to prove
inconvenient. - It the room 1s lofty, a communica-
tion may be made over the door or near a window,
above the height ot perfons 1n the room, which
will prevent any inconvenience from the current.
But in low rooms; I have {een this attempted and
tail; orat has anlwered only when the fire is firft
lighted, or betore the air in the room has been
heated by company.

The realon of this becomes clear and evxdent
if.a candle 1s held before the opening, at a time
when tie air in the room 1s heated ; for the flame
of the candle 1s drawn towards the opening, and

not. from 1t into the room; which proves clearly
I 3
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that,. inftead of admitting air, it 1s the channel
through which air is carried out of the room.
Many chimnies only fmoke when the fire is firfl
lighted, which arifes from the air in the chimney
being colder than the external air; in confequence

«of which it defcends, and, paffing through the fire,

carries the fmoke with it through the bars into
the room. -

This may be prevented by laying the fire very
hight, and fetting fire to a handful of fhavings en
the top previoully to lighting the fire at the bottom;
or more certainly by fetting fire to a piece of paper,
and holding it a little way up the chimney. This
heating the air in the chimney is fure to eftablith
a ocurrent in the proper direttion, ‘and carry the
fmoke upwards. :

Moft chimnies are in this predicament when fires

are lighted for the firft time after a long interval,

as in the beginning of winter; and ignorant people
attribute it to the airin the chimnies being damp.
The faét 1s,:that the air in the houfe, and conle-
quently that in the chimney, is colder than the
external air, as i1s the cafe during fummer and
autumn, until by lighting fires we have increafed
its temperature. The firk time a fire 1s lighted,
therefore, as the air in the grate is cxpanded, 1its
place is fupplied by cold air from the chimney,
which rufhing through the fire carries the fmoke
into the room, unlefs, as I have before advifed,



COMBUSTION. 59

{ome means are taken firft to warm and rarefy the
air in the chimney.

Argand’s Iamp burns better than a'common one
becaufe it admits a current of air through the centre
of the wick. This caufes {o complete a combuf-
tion, that the fmoke, which oil ulually gives out,
is burnt in this lamp, and therefore it affords more
Light.

When we wifk for light rather than heat, we
employ fuch inflammable fubftances as allow their
particles to be volatilized, as {pirits or oils; for
flame is part of the inflammable fubftance vola-
tilized by heat, and flill in a flate of combuftion.
It is always conical, and its external furface only
18 in an ignited ftate, as 1s ealily proved by fud-
denly thrufting a match into the centre of the
cone, as of that arifing from fpirits burning in a
fRallow difh. 1f you allow it to remain there fome
time, and then {uddenly withdraw it, the brimftone
on the end of it will not be burnt. The reafon
why only the furface is in combuftion is, that the
contaft of air is neceffary, and it has no accefs to
the centre.

We have now gone through the confideration
of the general effeéts of heat, and taken notice of
its laws refpefling inanimate matter. It is by
attending to-all thefe properties that fo much has
of late been done towards economifing fuel; and
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Count Rumford 1s the lJEi'rUI] to whom we are
indebted for molt of thele improvements.

That patriotic and humane philofopher has {hown
the true value of literary acquirements, and ta.i.lght
us the juft application of philofophical truths, by
making them fubfervient to the relief of the poor,
and to the benefit of his country.

In cooking he has taught us to economife our
fuel, by applying feparate fires to the pots or
boilers, to the ovens and roaflers, and to {maller
utenfils, as Kettles and faucepans.

In a kitchen range, as commonly fitted up, nine
tenths ef the heat is either carried up the chimney,
or ufelefsly thrown into the kitchen, to the great
inconvenience of. the cook. If all this heat, that
is loft, could be faved, or applied to the intended

purpofes, one tenth of the fuel, that is now ex-

pended, would be found fufficient, and confe-
quently the faving would be immenfe. -
The umprovements, which’l am about to notice,

"do not lay claim to fo much as this, but have cer-

tainly accomplithed much. The chief object is to
confine, as much as peflible, the heat emitted to
the {e for which it is intended, namely, boiling,
mu-ﬂing, ftewing, &c.; which is only to be done by
uting clofe ftoves, and applying the fire ‘fE-pa!‘ﬂtEl}’
to different vellels. It will be unneceflary to detail
minutely all the methods he has adopted to effeét
' 5
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this purpofe. The leading principles ot his im-
provements will be made evident by the following
obfervations.

When in the common mode of cooking, where
the kitchen is furnithed with a range, vou wifh
either to roaft or boil a joint of meat, it1s requifite
that the fire fhould be made up, as the cook terms
it, long before he can lay down the meat or put on
the boiler. ™ That is to fay, in faét, that it 1s ne-
ceflary to heap on an immenfe quantity of coals,
and fuffer them to burn till the fire 1s clear and
bright, before the heat can be applied to the re-
quired purpofe; and-even then it 1s but a fmall
proportion of the heat given out, th.t you can ap-
ply either to boil the water in the pot, or roaft the
joint upon the {pit.

If you are boiling, for example, all the heat that
emanates from the burning fuel in front of the fire
1s completely loft; and only that, which rifes from
the top, and directly ftrikes againft the pot or boiler,
goes to anfwer the intended purpofe, which cannot
upon an average be fo much as one fenth part
of the whole heat afforded by the combuftion of
the fuel. _

This mode of boiling upon an open fire, too,
makes 1t necellary to have the kitchen ranges very
deep trom front to back, which adds cnnﬁderabl}r
to the confumption of fuel.

In the next place, when it is required to roaft

-
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at one of thele fires, all the heat that emanates
from the top of the fire is decidedly loft; and of
that which comes from the burning fuel in front,
only {uch a part;« as is diretily oppofite to the
meat to be roafled, is appropriated to the intended
purpofe.

In moft kitchens, a fmoke-jack, and in many an
iron,oven, fitted up by the fide of the range, and
heated by means of a flue going from the back of
it to the oven, are part of the cooking apparatus.
The plaufibility of the jack being made to aét, and
the oven te he heated, without an additional fire,

Las perfuaded moft people to believe them very eco-
" pomical contr.vances ; whereas, if duly confidered,
they will prove to be very extravagant ones, adding
confiderably to the expenditure of fuel.

To-erett one of thefe fmoke-jacks, it is neceflary
that the chimney be very large; and to put it in
motion, 1t 1s requifite that the whole column of
air contained and paffing through this large chimney
be conftantly heated, not only {ufliciently fo to carry
up the fmoke, but to produce fuch a current as will
keep this badly-contrived machine in motion.

To effeét all this, a much larger fire muft be
made, than would be required merely to roaft the
meat, paiticularly if it is a fmall jomnt; for if the
fire Le reduced, the fmoke-jack ftands fiall.

Defides this unneceffary exhauftion of fuel, al.
moft every fireplace thus conftruéted is found to
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fmoke, unlefs the door or windows be kept open,
and abrifk fire kept up; fo that fuch apartments
cannot be prelerved uniformly warm.

To heat the iron oven, that I have {poken of, it
is requifite that a very brifk fire be kept up in the
grate; and from the length and awkward ftru€ture
of the flue, in fuch as I have feen, the greateft part
of the heat is loft and diflipated, before it reaches
the oven. ~

Another mode of applying heat to cooking, which
is thought by fome a very great improvement, is by
means of what 1s called a fteam-kitchen. This ap-
paratus 1s very neat, and adds much to the conve-
nience of the kitchen, as it is not neceflary to over-.
heat it by a large fire, as in the common mode of
boiling. This plan, however, 1s found by no means
to fave {fo much fuel, as was at firft apprehended;
and when we confider how much apparatps 1s to
be heated by the {leam, before it is applied to the
defired purpole, and 1hll more, when we conflider
how much heat 1s abforbed, and rendered inert, as
it were, in the converfion ol water inio fiecam,” we
fhall be aware of the great fources of the lofs of
‘heat in this apparatus.

Having thus pointed out how, and why, the ufual
modes of cooking are attended with confiderable
wa'te of Tvel, it will, from what has been faid,
. immediately occur to you, that by ufing feparate
fmall fires under the' boilers, ovens, &c., moft of
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the fources of this lofs of heat will be avoided.
If the coppers and beilers are well hung, and the
ovens or roaflers well fet up, almoft all the hLeat
afforded by the combuflion of the fuel is appliad to
them ; and, in confequence of the length of the
flue, the current of air through the fire is fo bnifk,
as to conlume cinder-athes motftened, or other
fuel, that would hardly ‘burn at all in open fire-
places. The fame quantity of food may thus be
coolked with not more than one fourth part as much
fuel, as in the common way.

As the machine called a roafler, a late invention
of Count Rumford’s, is not yet become a part of
the cooking apparatus, I fhall offer a flight defecrip-
tion of it.—It i1s {omething like the common iron
oven, except that, inftead of being fquare, it is
nearly cylindrical, flattened however at the bottom.
It has a double door, with an ‘intervening fpace of
about an inch, to prevent the efcape and lofs of
heat. There are two iron tubes running along its
i}ﬂttum, on the- outer {ide, which turn up at the
back of the machine, and open into it, near the
top; the ether orifices open into the kitchen, i
front of the roafter, and immediately under it;
which onfices are furnifhed with plugs or ftoppers.
Another pait of the apparatus. 1s a valve, fhuiting

or opening a comumunication between the roafter

and the chimney of the flue. The grate, which
fhould be very {mall, to prevent too large a fire
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being kept up, is fituated immediately under the
machine, and not more than fix inches below the
‘tubes; which, with the bottom and fides of the
roafler, are direttly expofed to the ﬁrg. When
~uled, the meat is to be put upon a wire ftand, over
a pan ol falt and water, and placed either on ‘the
bottom of the roafter, or on a fhelf, which moft of
them are made with; to allow of roafting two difhes
at a time. The valve 1s now to be turned, fo as to
prevent any communication between the roafter and
the chimney; and the orifices of the tubes are to be
cloled with their ftoppers. The fire being lighted,
the water in the pan is foon converted into vapour,
- and the meat is, as it weve, parboiled. About twenty
- minutes, or half an hour before you expeét the
meat to be [ufficiently cooked, the' vilve is to be
opened, tolet out the vapour; and the floppers are
to be taken from the tubes, that through them the
roaiter may be {upplied with hot and diy air.  The
meat now begins to be browned, and to alfume the
appearance of roafted meat; from which, when
quite done, it can fecarcely be diftinguithed by the
nicelt palate. It has not the peculiar flavour of
baked meat, and for the plain reafon, that the {team
of the water prevents any vapour rifing from the
meat in_thz former part of the procels, and the
opening by the valve prevents its remaining in du-
ring the latter part; from the confinement of Litch,
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in the common mode of baking, I conceive the pe-
culiar flavour of baked meat to arife.

By pntting the meat into the roafter before the
hre 15 lighted; it becomes gradually heated, and
kence retains all its juices ; which makes the meat
cooked in this manner particularly palatable. In.
deed, on this point, the Count obferves, that the
fmaller the fire, and the more flowly the meat is
cooked, the better flavoured is it when done: and
what is of confiderable importance, the lefs fuel be.
comes necefllary. If the fire is (o {finall, that a joint
of meat requires fix or eight hours covking, lefs
fuel will be confumed, than if the heat 1s {ufficient
to cook it in two or three hours, and at the fame
time the meat will be more palatahle.

The roafter likewile anfwers all the purpofes of
an oven, by heating it before the bread or other
things are put in, and by keeping the valve fhut,
and the tubes always open.

They may be made of any fize, but two {maller

‘ones are preferable to one large one. For a mo-

derate-fized private family they are made large
enough to roaflt a joint of meat and a couple of
fowls at the fame time. It fhould be fitted up on
one fide of the fireplace ; and a boiler, or, 1f 1t is
necelfary, two, on the other fide, with their fteam-
ers for vegetables, and an opening or two for lauce-
pans and ftewpans. The firegrate in"the middle,
being only intended to warm the apartment, need
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be but a very fmall one. And the whole appear-
ance of a kitchen thus fitted up 1s very neat, and.
much more comfortable, as a dwelling apartment.
for the fervants, never being overheated, and the
chimney never {moking,
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ESSAY VIL.

- -

THE DIFFERENT SOURCES OF _I-IE:'iT.

BESIDES the combuftion of inflammable fub.
ftances, we have other means: of exciting heat.
The friftion of two hard bodies, one agai:‘;ff the
other, excites heat fufficient to fot fire to combuili-
bles.. Inftances have occurred of forefts being
burned down, in confequence of the wind produca
ing f{uch confiderable friftion between their boughs,
as to fct fire to them, '

In the whale fithery the precaution is neceffary,
of wetting the line, and the part of the boat, that it
is drawn over, as {oon as the whale ftruck with the
harpoon dives, and carries with it the vaft length of
the line. Otherwife the friftion of the line drawn
with fuch velocity over the edge of the boat, would
unavoidably fet it on fire. Carriages by the fric--
tion of the wheel upon the axle, mills, and other
machines by friction of their different parts, have
frequently béen fet on fire,” and deliroyed.

In the iflands of the South Sea, im Africa, and
in America, the natives have various means of ex-
citing Leat by friftion, to light their fires. Some
rub flat pieces of wood together. * Others fit™ the
end of a ftick, previoufly charred, in a hole made
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in‘a piece of wood, that is faltened to the ground,
and then twirl the ftick with celerity till it inflames,
Tinder is fometimes put into the hole, or brimitone
rubbed on the {tick to make it take fire more readily.

Heat 1s likewife excited by concuflion. Iron by
repeated blows with a hammer may be made hot
enough to fet fire to inflammable iubflances, as 1s
ufually praétifed by black{miths.

By collifion we excite heat, when we flrike a
light with flint and fteel. A {mall part of the ftecl
1s detached, which i1s {o much heated, as to be
fufed, and [ufficiently fo, to inflame the tinder.

The heat emitted by a change in the chymical
compofition of a body, accompanied by a diminu-
tion 1in its capacity for heat, has been already noti-
ced in fome inflances. - Indeed combuftion is a
change of this kind ; but.there are fome other in.-
flances worth mentioning, and particularly fome
examples of {pontaneous inflammation.

Inflammation has been known to take place from
linfeed oil getting accidentally amongft hemp, or
hempen cloth, which has been confumed in confe-
quence. Some particular chymical change was
here effetted, accompanied with a change of capa-
city for heat, in confequence of which fo much
heat was extricated, as to fet fire to tlie materials.
The fame has happened with wool, and with lamp-
black, when mixed with linfeed oil,
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When aqua fortis is poured upon any of the vo- -

~latile oils, particularly if it has' been previoufly

mixed with one fifth of witriolic or {ulphuric acid,
the mixture burfts out with a violent flame ; owing
to the fame caule, viz. a diminution in the capacity
of the {ubftances for heat.

During every kind of fermentation, heat is evol-
ved; thus, when green undried vegetable fubftances
are heaped together, they begin to ferment, and of-
ten emit fo much heat, as to take fire, as in hay-
flacks made up before the hay is fufficiently dry.

There are. certain chymical compofitions, that
poflefs this property of {pontancous mflammation,
and they are for this reafon called pyrophori. The
pyrophorus of Homberg which inftantly takes fire,*
when expofed to the air, is thus preparﬂd.

'Melt equal parts of powdered alum and brown
fugar over a fire, and keep ftirring tliem, till redu-
ced to drynefs.  Then introduce the mixture 1nto a
common phial coated with clay, and to which a
glafs tube, open at each end, is luted. Keep the
phial in a red 'heat furrounded with fand, till no .
more gas clcapes by the tube; then clofe the tube
with a little moift clay, to prevent the accefs of  the
air, and remove the phial from the fire. The gas
that ifTues from the tube may be inflamed by hold-
ing to it'a piece of lighted“paper, and when the
flame ‘difappears, ‘the ‘operation ‘is ‘known to be
completed.
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A pyrophorus is faid to be immediately formed,
by rubbing tegether in a mortar fifty-four grains of
{fulphur, thirty-fix of very dry willow charcoal,
and three of phofphorus.

We fhall now conclude the fubjeét of heat by ob-
ferving, that the terin is often : "ed to fignify a fen-
fation, of which the prefence of caloric, or matter
of heat, is the caufe. Mouny are apt to imagine that
this fenfation 1s a {fufficienty accurate teft ol the
temperature, or degree of hest ol the ar, and other
bodies. - Hence nothing 1s more common than to
obferve, that thisis very hot; or that veiry culd;
that this 1s warmer than that; or that the air 1s

colder to day, than it was yeflerday: whercas we
only mean to fay,” that to our [en‘ations, o1 teeling,
{fuch and fuch is the cafe; but hcw ' : 18 from
accuracy in moft cafes, will appea: (rom the fola

lowing obfervations.

It frequently happens, that one perfcn-complains
of the coldnels of the air, at-a time, when ancther
1s ob‘erving that it is warm, which is ow:: o to their
{enfes-being differently affeéted.  But the (ame per-
fon too feels very differently at different times. If
he comes out of a cold fharp air into a moderately
warm room, he feels it fufficiently warm and com-
fortable ; but when he comes out of a {fill hotter
room into the fame apartment, he cumplains much
of the coldnefs of it. This proves the i Inaccuracy
with which we judge of heat by our fenfations; and
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you may fatisfy yourfelf of the fame point by the
fﬂl]nwing experiment.

Put your right hand into a balin of “water, as hot
as you can well bear 1it, at the fame time put your
left into very cold water, and after a few minutes
take out both hands, and inftantly immerfe them
into water moderately warm, and the right will feel
cold, whilft the left feels warm.
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RESSAY VIIL

"OF LIGHT IN PARTICULAR.

TuE confideration of the laws of light, as to its
refrangibility, “its refle€tion, &ec. belongs to the na-
tural philofopher. We haye only to confider 1t as
a chymical agent, 7. e. to notice its influence on
other bodies, fo far as its prefence or abfence regu-
lates their chymical changes. We have already
confidered it as bearing certain relations to heat ;
we have allo noticed 1ts extrication, either from the
, air, or from the inflammable body during combui-
tion'; and we fhall in a future Effay find a more ap-
propriate place, for explaining the phanomena of
its emiflion from phofphorus, and certain bodies
called phofphorelcent. . We fhall therefore find but
few circumilances to attraft our attention in this
place; but it is of conlequence both to the chymutft,
and the manufatturer, to be aware, that the prefclicz:
or abfence of light is of more moment in a variety
of r::peruti{:m#, than 1t 1s generally conceived to be.

Nitric acid, when expoled to the fun’s hight, un-
dergoes a gradual change, that would not take place
if the light were wholly excluded fll‘om it. It firft
becomes of 2 ftraw colour, and then pafles to a deep
drange, and its other properties are at the fame. time"

E : .
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altered. The light is fuppofed to unite with the
oxygen ot the acid; for the coloured liquor cer-
tainly contains a lefs proportion of that acidifying
principle, and oxygen gas is extricated from it dur-
ing the attion of the fun’s light.

This points out the neceflity of keeping nitric
acid, or aqua fortis, in painted bt.;»:tlcs, or otherwife
fecluded from the light. Kept in this manner it
undergoes no changes, but without this precaution
it acquires other properties, by which both the chy-
milt and the manufaCturer, particularly the dyer,
may m fome cafes be difappointed.

Very many coloured bodics are faded, or other-
wife changed in colour, by long continued expofure
to' the hight. This can only be in confequence ot
its effeting fome chymical change in the colouring
matter, whether it be an artificial dye or the natural
coloar of the fubftance. The druggift, aware of
this, fhould keep his digitalis, or fox-glove, and
other green vegetable powders, in bottles painted
black, as the beft means of preferving their colour,
and probably their medicinal vuiuwes ; for there 1s
'gn:ztt reafon to believe, that the fame chymical
change that affetis their colour duninifhes their vir-
tues.as mf.:nh'-cinﬁs.

That the fading of colours by expofure to the
fun’s light 1s a chymurcal cifect, .pmclu;ﬂd b}f' the
light upon the colouring maiter, appuars evident
from its afieCing differently articles dyed with
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different {ubftances, though of the fame colour;
thus yarn, or other woollen goods, dyed red with
kermes, retains its- colour longer, and 1s lefs faded,
than the fame dyed red with cochineal. It is alfo
well known that one painter’s colours ftand much
‘better than another’s, in confequence of their being
difierently prepared. _

The operation of light in effeting the fading of
colours has been but little attended to; and the
particular chymical changes which occur, are but
mmperfeétly underfiood.  In many inftances it pro-
bably depends upon the attrattion or aflinity that
exiits between light and oxygen.

The blue colour of indigo depends upon the pre-
fence of oxygen, fﬂ_r the colourlefs liquor obtained
from the plants becomes blue on expofure to oxygen
gas, and the gas 1s at the fame time ablorbed, This
being the cafg, ftufis dyed blue with indigo will be
faded, or lofe their colour, by the abfiraftion of
oxygen; and, as light has {o frong an ﬂfﬁﬂilj? for
that {ubftance as to decompofe nitric acid, it is pro-
bable that it 2lfo abftratis it from indigo, and thus
diminifthes and ultimately deftroys its colour,

Stufls dyed green acquire a yellowih tinge by ex-
pofure to the light ; the deftruétion of the blue colour
by the above means will account for thijs, for gréen
i»a compound of blue and yeljow. Purple flufly
m the fame way become reddifh, that colonr being
cainpounded of blue and red,

L2
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In attending to the ph@nomena of vegetation it
15 found, that the prefence of light is abfolutely
neceflary to the health of plants.: If it is wholly
excluded from them they foon become pale and
fickly; they lofe the whole of their green co-
?f}ur, grow weak, wither, and die. Vegetables are
blanched by the partial exclulion of light; celery,
by earthing 1t up round the roots, and cabbages or
lettuces by tying their leaves together. ~The parts
thus kept from the influence of the light, become
pale and almoft colourtefs, and are then faid to be
blanched.

Plants that grow naturally in dark fituations are
wlually of a pale colour; as the orobanche ramofa,
which always grows under the fhade of hemp, the
lathrzea and others, that are found in the fhady parts
of woods, and a variety of lichens growing upon’
trees. |

If light is admitted only into one part of the room,
in which plants gm{v, they always incline towards.
that part ; nature’s laws being in this inftance, as in
others, fo wifely eftablifhed, and fo connefted with
each other, that where benciit 1s to be derived
from it, the effects of one lead to the completion of
another. ;

This inclination of the plant towards the light
bears fo much the appearance of voluntary metion,
r'egulamd by a knowledge of the beneficial influence
of light, that fome philofophers have brought it as

6
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a proof that vegetables are endowed with reafoning
faculties. But how flight, how futile are their argu-
ments, how falle and unphilofophical their deduc-
tions; to aflume a new power, areafoning faculty
in plants, merely becaufe the confined and imperfett
knowledge of man is unable to explain an afceitained
faét | How many thoufands of phanomena are our
weak intelleéts unable to comprehend! and how
many of nature’s laws remain yet to be explored!
Would it not then be lefs prefumptuous to acknow-
ledge our ignorance; or more reafonable, to ins
veftigate the nature of the faét, than rafhly to attri-
bute to the vegetable world a faculty that we have no
grounds for fuppofing it to poflefs ?

- The prefence of light we find to be neceffary to
healthy vegetation. Its chymical effeéts are fuch as
to preferve and keep up thofe changes in the various
parts of the plant that conftitute health. But this is
not all ; the Creator of the world, the eftablilher of
all nature’s laws, anticipating as it were the acci.
dental wants of individual plants, has fo' ordained
it, that the effeéts of light thall alfo be fuch as to
incline the plant, that is but partially expoled to it,
towards the light, in confequence of which it re.
ceives more and more of its'genial influence. This
15 a beauutul inftance ot the omnifcience and the
beneficence of the Creator; and the philofopher
viewing it in this light mult notice it with admira.

E 3
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tion, and acknowledge that infinite wifdom is appa.
rent 1n the minutedl of his works.

We confels onrfelves ignorant of the means
by winch hight has this particular efle@, as we
avow ourfelves ignorant of the means by which
it influences the colours of vegetablés; or by which
_any other at prefent inexplicable faét is accomplifh-.
ed; but fuch may become explicable to future
chymufts, and we ought to engage in the mnveftiga-
tion, rather than retard it by the aflumption of a
new principle. This hypothetical mode of reafoning
puts a ftop to inquiry by perfuading us, that we
have explained fatts, when we have only exprefled
them 1n other, and thofe more ¢blcure terms. -

Befides the effe€t that light has upon the colour of
vegetables, it is only during the influence of the
{un’s rays that they emit oxygen gas, or pure air.
In the day time moft plants give out this gas
abundance, by which means the purity of the air is
preferved, and a frefh fupply of its pure falubrious
paxt afforded, in lieu of that which is-deftroyed, or,
to fpeak more properly, abitraéted hourly from the
atmufphere by combuition, refpiration, anda variety
of other proceffes.

The prelence of light has confiderable effeéts both
in the procels of bleaching, and in that of tanning.
Cloth, expofed in the bleach-field, 1s whitened
more rapidly in the day time than during the night,
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and more fo in a fanny day than in cloudy weather.
In tanning, the procefs of handling the hides has
more effeét, if performed in an expofed fituation,
and whilit the fun fhines, than otherwife.
Phofphorus, and fuch other fubflances, as emit
light by a fimilar procefs, which is not dependent
- on a previuus expofure to the fun’s rays, will be
fpoken of in another part of thefe Effays. But
there are certain fubflances, that feem, when cx-
poled to light, to ablorb it, and afterwards gradually
to part with it again, {o that when taken into the

dark, they become luminous. Mol bodies poffefs.

this property more or lefs, but fome more remarkably
fo, than others.

A mixtare of {ulphur and lime forms Canton’s
phofphorus, and that of fulpbur and an earth called
barytes, the Bolognian phofphorus; but thefe fub-
flances differ widely from pholphorus, finétly fo
called. _

To make the former, mix equal parts of pul.

verifed oyfter fhells and fulphur, and keep the mix-

ture in a covered crucible, for an hour or two in a
ftrong heat. 1f this powder 1s expofed to the light,
and then taken into a darkened room, it appears
luminous, and continues o for a confiderable time.
When it ceafes to emit light, this property is re-
gained by its being again expofed to the hght.

Of other fubftances, that poffefs this kind of phof-
phorelcency,  a better inftance cannot be brought,

L 4
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than that of white paper. 1f you fhut yourfelf up
in a darkened room, and contrive the means of ex-
pofing a fheet of writing paper to the fun’s rays on
the outfide, and then drawing it into the room, you
. will percetve the paper, when firft drawn 1n, to be
very luminous. It gradually becomes lefs and lefs
bright, untjl it emits no hght at all; but'you may
again refltore its brightnels by again expofing it to
the light. '

-_Even the hand, when firft withdrawn from fun-
fhine into a darkened room, emits light in the fame
manner.

The light thus emitted is in many inftances int
creafed by heat; thus if a warm heater, {fuch as 1
ufed in ironing, is drawn backwards and forwards
over the fheet of writing paper, after it 1s drawn into
the darkened room, the paper is rendered more Jumi-
nous, and is made to give out light for a longer
time. Moreover, when it no longer emits light, its.
brightnels may in fome meafure be renewed by the
heater, without again expofing it to the light.

. Sulphate of barytes or heavy fpar, and the fluate
of lime or fluor fpar, only emit light when heatecl.'

Other fubftances are made to emit light by‘ attris
tion, as when -you break a lump of {ugar in the
dark, or ferape with a knife pieces of pholphorated
limeftone. It is interefting and ufeful to be made
acquainted with thele fafls, although we mufl at
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prﬂf&nf acknowledge our ignorance refpeéting the
caufe of them.

Every one knows that light is emitted during the
paflage of the eleétric fluid from one body.to another.
This in its paflage from one cloud to another, from
a cloud to the earth, or from the earth to a cloud,
conftitutes lightning. With an eleétrical machine
many very amuilng experiments may be performed,

by exhibiting the light in a variety of ways; but.

the confideration of this belongs to the natural philoa.
{fopher, not to the chymuit.

When the back of a cat is ftroked by the hand in-
the dark, fmall flathes of light or fparks are emitte&,
and at the fame time a crackling noife is heard.
This 1s an eleétrical phanomenon.

In the night time flathes of light are fometimes.
ohferved to be given out by ceftain flowers, par-
ticularly thofe of the marigold. Many attribute this
alfo to the elettric fluid, but in fome cafes 1t pro-
bably occurs from the difengagement of a phal-
phoric gas. :




FSSAY IX.

THE GASSES.
OXYGEN GAS, OR PURE AIR.

Tue fimple fubftances or elements, that come
next in order to be confidered after heat and light,
are oxygen, azote, and hydrogen. They are never
tound alone or uncombined either in a folid or fluid
{tate; but chymically united to fo much heat as to
give them a gazeous form, they conflitute the fim-
ple gaffes. In this ftate we fhall treat of them, but

fhall firft premife a few obfervations on gafles in
'gcneral.

What chymiftls have now agreed to call gafles,
differ from vapour, in being permanently aeri-
form in every degree of temperature. No degree
of cold 1s able to condenfe them mto fluids or
{ohds.

Water is raifed in the form of vapour by heat, and
is again reduced to the flate of water by the abftrac-
iion of its heat. Sulphur or brimftone is converted
into vapour, when heated, and this vapour is coa-
denfed into a folid form by cold, or by abflraétion
of heat. But the common air of the atmolphere, in
which-we live and breathe, is not redugible to a fluid




OXYGEN GAS. 8.3

or {olid ftate by any degree of cold, be it ever fo in-
tenfe; it is therefore a gas.

All gaffes are invifible, but fiill we canmot doubt
of their exiftence, for we can retain them in proper
veflels, pour them from on= to another, feparate, or
combine them at pleafure, and afcertain the parti-
cular properties of each.

Every thing, which in common language we
call empty, is full of air or gas, and the method
we employ, for pouring it from one veffel into
another, is this: invert the jar, for inftance, which
contains the gas, in a tub of water with its mouth
under the furface of the water; fill the jar which
is to receive the gas with water, and invert it in
:he fame tub s then ncline the firft jar, fo that its
mouth fhall be under that eof the fecond, and the
uas will 1mmediately afeend in bubbles to the
top, and the water will ruth in the fame proportion
into the firft jar, till all the gas has left it, and paffed
into the other.

Though alt gaffes are invifible, they are eafily
proved to be diflerent; and each to poflefs its dil-
tinfk properties. A lighted candle immerfed into
a jar of one kind of-gas will burn in the ufual way,
in another it burns with a much more brilliant flame,
and 1n a third 1t 1s immediately extinguifhed.

Thele different properties will be difeufled, in
treating of the different gafles feparately; but at
prefent only the {imple gaffes, namely, the oxy-

E 6
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_ genous, the azotic, and hydrogenous, will be

treated of; the compound ones, as carbonic acid
gzs, arnd others, will be confidered under the head
of the fimple fubflances, to which they owe their
chief properties. r? rid

Oxygen Gas. Take a fmall apothecary’s phial,
into which put an ounce or two of manganefe,
and pour thereon a fufficient quantity of fulphuric
acid, to form a liquid pafte. Afterwards fit a cork
to the mouth of the phial, with a hole through 1t,
into which infert a recurved tube, with one of
its extremities entering the bottle, while the other
is placed under the mouth of a jar, or phial, filled
with water, and inverted in a tub of the fame.
The tub fhould be furnifhed with a fhelt, with holes
in it, upon which the phial may reft ia its inverted
pofition.

When the apparatus is thus difpofed, apply the
heat of a lamp to the phial containing the mangancfe,
and a gas will immediately be difengaged, which is
called oxygen gas, or vital air.

It derives the firft name from its pmpertv of
eonverting a variety of {ubftances into acids, when
combined with them, .and from its being indeed
the acidifying principle of all acids. It is called
vital air, becaufe its prefence is abfolutely necef-
fary to fupport the life of animals. Befide thefe
two properties, it has that of fupporting and being
neceflary to combuflion.
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_Thefe three are the diftinguifhing properties of
oxygen gas, and are poffeffed by no other fimple
gas. Common air has the fame, only in confe-
quence of its containing oxygen; and in propor-
tion as it contains more, it fupports animal life and
combuftion in a greater degree.

The acids and their compounds will fall natu-
vally to be confidered, when treating of the bafe
of each acid. There is one however of the mi-
neral acids, which has not hitherto been fatisfac-
torily decompoled, and of whieh the bafe confe-
quently 1is not known. This 1s the muriatic or
marine acid, or, as it was formerly called, {pirit
of falt.  As there s every reafon to believe, that
it is a compound, and that oxygen 1s in this, as
well as in all the other acids, the acidifying prin.
ciple, we cannot treat of it with more propriety
in any part of the work, than in this.

The muriatic acid 1s procured from common falt,
by diftilling 1t with {ulphuric or vitriolic acid.
It comes over in the form of fumes, which are
collefted and condenfed. This acid, further oxy-
genated; is employed, either alone under tJhe name
of oxygenated muriatic acid, or combined with
potath, when it is called oxymuriate of potafh, n
the improved method of bleaching, which has been
of late fo advantageoufly adopted.

The oxygenated acid is procured, when thres
parts of the acid, and one of a mineral called




86 " OXYCEN CAS.

manganefe, are heated together; and if the va-
pours are received- into a folution of potafh, the
oxymuriate 18 produced. The fame aeid is like-
wife obtained by pouring twelve parts of vitriolic
acid, previoufly mixed with an equal quantity of
water, upon a mixture of fixteen parts of com-
mon falt with fix of manganefe. The vapours in
this procefs may likewife be received into a folution
of potath.

The acid is thought fitteft for the bleaching of
muflins, and the neutral falt 1s more generally em-
ployed for other goods. For whitening raw filk, -a
mixture of twelve ounces of the acid with forty-cight
pounds of fpirits of wine 1s preferred.

In bleaching with this acid, it is ufed confiderably
diluted, and the goods are previoufly boeiled in a
folution of potath. Being then fleeped in the acid,
they are afterwards wafhed in clear water; and the
fame procefs is repeated as often us it is found ne-
ceffary.

Common falt, from which muriatic. acid 1s pro-
cured, is a compound of this acid with the foflit
alkali. It is found in three fituations; in large
beds in the bowels of the earth, when 1t is called
rock falt; in fprings of water which derive their
fource in or near thefe beds, when it is called {pring
falt; or in the water of the fea, when it is called fea
falt.
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The rock falt_fs feldom ufed, till it has been
diffolved in water, and feparated again by- evapo-
ration. i
Brine may be evaporated, either by expofure to .
~ the f{un’s rays, or by artificial heat. In warm
countries, the former method is adopted; where,
by receiving the {ea water into proper refervoirs,
that are made extenfive and fhallow, the 'falt is
left covering the bottom of the pits, after the wa-
ter has been evaporated by the heat. Salt, thus
procured, is called bay falt. In our climate the
heat is infufficient, and the rains too frequent, to
allow of this plan being adopted with advantage ;
our falt is therefore procured by beiling the brine,
and is of different degrees of purity, according to
the heat, and as it is depofited in the latter or early
part of the procels.

The ules of common f{alt as a condiment, and as
a prefervative of meat, are fufficiently well known;
but it is not fo generally underftood, that in {mall
quantities, inftead of rctarding, it promotes putre.
faftion, which 1s the cafe.

Salt 1s a ufeful condiment to cattle as well as
man. In fome parts of Africa large herds of ani-
mals travel at flated feafons to the coall, where the
Malt plants abound. The fattening quality of our
own falt marlhes is well known to graziers. And
in many countries it 1s the cuftom to give {alt with
the food to moft kinds of cattle.
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When a candle or a piece of burning charcoal
1s-introduced into oxygen gas; it burns much more
rapidly than in common air, and the charcoal emits
beautifully bright fparks.

If an iron wire twifted fpirally, and having a
fmall piece of burming phofpherus, or fulphur, at
the extremity, be introduced into a jar of this gas,
the wron itfelt will be burnt, emitting fparks, and
bright corrufcations, during its combuflion.

By diretting a ftream of this gas through a blow-
pipe to the flame of a candle, or any other com.
buftible body, that 1s ignited, the moit intenfe heat
may be produced, that art has been able to effeét..
Metals and earths may thus be fufed that refift all-
other means..
~ During combuftion in oxygenous gas the volume
of the gas is decreafled, and, if the combuftion be con-
tinued long enough, the gas wholly difappears. A
union has taken place between the oxygen and the
combuflible body, and the refult in many cafes 1s an
acid. Thus, if fulphur is burnt, fulphuric or vitri-.
olic acid refults; if phofphorus, phofphoric acid;
and if carbon, or charcoal, carbonic acid.

When combuftion takes place in COMMON AIR,
the fame ph@nomena occur, but lcr{'sn_ptdl} and
to a lefs extent. 1f pholphorus be burnt in-a jar
of common air, inverted over water, part of the aix
is abforbed, which is fhown by the water rifing 1n

the jar; and the phofphorus is, part of it, gon-
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verted into phofphoric acid, which proves that it 1s.
“oxygen that 1s ablorbed. ' The air that now remains,
which is 7%sths of the whole, is no longer capable.
of maintaining combuftion, or life; a candle put
into it would be extinguifhed, and a moufe or any
fmall animal would foon perifh. From this cir-
cumftance ‘it is called azotic gas, or impure air,
which ‘1s thus proved to be the other canﬂltuem
part of common air. _

‘Common air then is a compound of oxygen gas
~and azotic gas in the proportion generally of 27
parts of the former to 78 of the latter. The grand
ufes of the air are well known to be, to maintain
life and combuftion ; and as its pure part is thereby
abftrafted, a continual {upply becomes neceflary,
where thofe procefles are carried on.

That a continual fupply of air is neceﬂ'ary to:
fupport life by refpirition, 1s made evident by ani-
mals dying in an exhaufted receiver, and living
only for a given time in a given quantity of air;
a longer time the larger the quantity. A moulfe,
for inftance, confined in a jar of common air, the
mouth of the jar being clofed, would prefently be-.
come uneafy, would gafp for breath, become con.
vulfed, and, if allowed to remain in this ﬁtu_atiuql
would [oon die; but if frefh air be in time admitted
to the jar, the moufe would revive.

This fhows us, how important it is to renew the.
frefh air of the rooms we live in, and to admit a
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iupply as faft as the pure part of it is abfiraéled by~
breathing, and by the burning of fires and candles.
Inflead of doing this, it appears, as if we confpired
all we could to ftop every avenue to its ingrefss
- We fhut the windows ‘as clofe as poflible, and put
It yound the doors; but luckily for us, all we can
do to ftop its entrance, is meffeftual.  Such is the
dufpofition ot the air to reftore its equilibrium, that
wliere there 1s a fire, to heat the air, and convey it
up the clamney, the external air prefles with fuch
force, as to make 1ts way through every crevice.

We do, however, in many cafes fucceed {o far
i preventing the accefls of frefh falubrious aw, as
to prove its baneful effefis. In our theatres and
ball-rcoms the vitiated air has fo little opportunity
to efcape, and the frefh aiy fo little to enter, that in
fome parts a candle will {carcely burn; and an op-
preflive weight acrofs the cl:cft fpeaks plainly te
our feclings, that we want a freer atmoiphere.

In the narrow ftreets and lanes of manufaéturing
and commercial towns, peflilential difeafes are al-
moft always prevalent, and the inhabitants of thefe
places carry in their {gualid countenances the marks
of conftitutional illnefs. All this in a great meafure
proceeds from the want of pure falubrious air.

Our prifons and our poor-houfes are too fre-
quently, from the fame caufe, the refidence of
difeafe. Although much, I am happy to fay 1t,
has of late years been cffefted towards remedying
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thefe grievances, mueh flill remains to be done;
and the umprovements for ventilating apartments,
and maintaining the purity of the air, will not, I
hope, be confined to thefe or fimilar bmldings.

Not only our helpuals, our prifens, and other
public buildings, require ventilation, and airy fiter-
ations; but our private houfes, and particularly
thofe of the poor, demand the fame. The fite
and plan of a town 1s of national importance, for
the health of its inhabitants muft be greatly mfu-
enced thereby.

The proper ventilation of our apartments onght
to be ftrongly inculcated by thofe, who are aware
of its utility, that it may become more generally
adopted ; and the ignorant fhould be informed of
the beft modes of accomplithing it.

Every window or cafement fhould be made to
open, and that always at the top. Thefe fhould
- be opened when we leave the room; and in warm
and moderate weather may be frequently opened
for a fhort time whilft we are there, particularly if
many perlons live in the fame apartment. Much
good would aecrue from attention to this circum-
ftance m manufaétories, where many perfons are
breathing the fame air for feyeral hours together.

In every fiuation it is proper to let down the
fath, or open the window, of fleeping apartinents
betore we leave them.

In many rooms it will be requifite to have a con<
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ftant communication with the external air, by means
ot an opening in {fome part of it near the floor. In
this cafe, and indeed in every cale of ventilation,
the vitiated air will hayve exit at the top, and the
frefh air will come in at the bottom; for the air
that we have breathed and vitiated being heated,.
immediately afcends and occupies ‘the top of the
room ;. whilft the frefh air, being colder, and of
courfe heavier, comes in at, and occupies the lower
part of the room.  That this is tite cale will appear
evident by the common experiment of holding a
lighted candle in different parts of the door-way of
a room heated by company. The flame is driven
outwards when held near the top, but into the
room, when the candle i1s held near the floor.

When a window opens from abeve downwards
there can be no inconvenience felt from fitting
near it; for no cold air, as is ufually imagined,
enters by the window, as will appear by holding a.
candle near the opening,

‘The way to prevent a current of cold air from
the opening at the bottom of the room is, to have
a {lanting board, to direft it fome way upwards.
In rooms having a plafter partition, or any other
double partition, perhaps the beft plan would be.
to make an external opening through the outer
plafter near the ground, and an inner one near the
cieling, or at leaflt above the heads of perfons in
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the room, that they might fuffer no inconvenience
from the cold air. {

That combuftion, as well as refpiration, vitiates
the air, and requires a continual {upply, 1s evident
from a candle only burning a certain time, if con-
fined in a clofe jar, and by the fame continuing
to'burn a longer time if frefh air be admitted to
the jar.

This makes the ventilation of rooms ﬂ:li more
neceflary, where there are c:mdll:s and fires burn-
ing ; and it 1s, In my opinion, a great objettion to
our mode of warming apartments by open fires. If
warmed by ftoves, the ath-pits of whichare without,
the air in the rooms would not be vitiated by the
combuftion; lefs cold air would be required, and,
confequently, our rooms would be both warmer
and more wholefome.

Befides this, all parts of the apartment would be
nearly equally warm, and we fhould not experience
the cold draughts of air that often ftarve us behind,
whillt we are in other parts almoft burnt by fitting
near the fire; which mrregular warmth proves the
caufe. of rheumatifm, chilblains, and a variety of
ailments. '

Befides the ufes of common air, which we have
enumerated, it an[wers a variety of other important
purpofes. The oxygen is abforbed from it in the
calcination of metals. It is necelfary in moft cafes
of fermentation. By the expanfion of air when
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heated, it becomes an eafy means of tranfmitting
or communicating heat, and thus preferves its equis
librium, or an equal temperature; and, laftly, by
its power of diffolving water, and holding in {olu-
tion more or lefs according to its temperature, it
becomes the immediate caufe of fpontaneous eva-
poration, and of dews, fogs, rains, and fimilar
ph@nomena.

There 1s cnﬂaﬁﬂ}r going on an evaporation of
water, to a very great extent, from the feas, lakes,
sivers, and from the whole furface of the earth,
wherever there 15 motfture. The fea, it has been
found by calculation, leles many milhions of tons
daily by this procefs; which lofs 1s {vpplied by the
rivers, that are conftantly flowing anto it.

The evaporation 1s increaled both by heat, and
by the agitation of the air; and therefore a warm
and windy day 1s the beft for drying any thing ex-
pofed to the air. The wind aflifts by removing
the air, that becomes faturated with water, and thus
admitting accels to fuch asis net. It anfwers the
iame purpofe as ftirring doees in prometing the folu.
tion of falt in water. The heat aids the evaporation
by increafing the folvent powers of the air, n the
fame way that it promotes the folution of falt in
‘water, and enables it to diffolve a greater quantity.

On this property, that air when heated 13 able to
hold or retain more water than when cold, dependa
she explanation of a variety of phznomena. Ha

O
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water will diffolve more falt than cold watery theve-
fore hot water, that is faturated, will depofit part of
the falt on coaling. In the fame way, and for the
{ame reafon, hot air, that 1s faturated with moiiture,
will depofic part of it in form of dew, rain, &c.,
when 1t becomes cold.

During the day-time the fun’s rays having warm-
ed the earth, and that portion of air that 1s near its
furface, tlus ftratum of air is enabled to hold a
good deal of water in folution. But when the fun
{ets, the earth and adjoining ftratum of air are {o
much cooled, that the latter 1s unable to hold all the
water, which it had formerly dillolved, and the con~
fequence 1s a depofition of it in the form of dew.

Dews are feldom feen more than a very few feet
above the ground, becaufe the firatum of air cooled
by the ablence of the fun extends no higher. Pictet
has afcertained by expertment, that the air is colder
near the {urface than fome teet above 1t during the
night, and warmer during the day.

In the morning, when the fun has warmed the
earth, and Jower f{tratum of aw, fufhciently 1o
enable this te diffolve all the moifture, that 1t now
contains, there is no longer any depolition, and
conlequently no more dew,

Dews are moft frequent, and moft abundant,
when there is the greatel difference between the
temperature of the aw in the night, and that in the
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day, as in the autumn, when very cold evenings
fuceeed to very warm days.

A baze, mift, or fog, is a fimilar depofition from

a larger body of air, extending to a greater height.
The caufe of this depofition is fuppofed to be the
paﬁ}lqc of a colder or a warmer ftrcam over one that
is of a different temperature, or the meeting of two
ftreams not equally beated ; in which cafe the mix:
ture 1s unable to hold all the water mn ft}]utmn, ‘that
they held when {eparate.

In clouds the water is pmhablﬁ in the fame flate:s

in muils, but the warmth of the inferior flrata pn’:- -
vent its falling below a certain point.
- When two clouds meet that are of different tem-
peratures, or in different ftates of eleétricity, I con-
ceive that a turther depofition enfues; and that ac-
cording to the temperature, and the fuddemefs of
the depofition, the water aflumes the form of rain,
{now, ‘or hail.

Sauflure fuppofes that water exifts in three dIi:
ferent ftates in the atmofphere; firft; in a flate of
vhpﬂur, that 1s invifible, as when evaporated trom
moift bodies; {econdly, in a veficular form, as in
clouds, where 1t exits in {miall bladders or velicles;

and, thirdly, in a true aqueous form, as in rain,

He fuppoles that in thefe three ftates its capacity
for heat 1s different; that the vapour has a greater
capacity than the veficular ftate, and the veficular
greater than the aqueous flate.
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According to this fuppofition there will be an
evolution of heat when vapour is converted into
dews, fogs, and clouds ; and again when the latter
are converted into rain, fnow, or hail. According-
ly, it is frequently obferved, that a fhower in cold
weather, or a fall of fnow, warms the air. And it
may be added, that Piétet obferved his thermometer.
at the top of a pole 75 feet high, to rife between
one and two degrees, when furrounded with a fog.

. By the various means, which we have now men-
tioned, all the water that 18 evaporated, and taken
up by the air, 1s fagain depolfited in raiq, and dews,
to fupport the life both of the animal and vegetable
world. It is then carried by the ftreams-and rivers
to the ocean, to be again evaporated, and anfwer
again thefe beneficial purpofes.

When a glafs of cold water is brought into a
warm room, or a bottle of wine out of a cold cellar,
a dew 1s immediately depofited on the outfide; this
is becaufe the warm air in contatt with the glafs is
{uddenly cooled, and thereby rendered incapable
“of retaining all the moifture which it had previoufly

diffolved.

In a warm room, where there are many people,
and confequently much moifture for the air to'ab-
forb, a dew i3 depofited on the infide of the win-
dows ; becaufe the cold external air cools, throngh
the medivm of the glafs, that portion of the internal

¥
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il air that is nearefl to it, which of courfe depofits its
| moifture.

_ When the air in the room is colder than the ex-
ternal air, a dew 1s depofited on the outfide of the
window.

i ~In winter time the dew depofited on the infide
: of the windows is frozen, afluming very grotefque
f}l appearances, as obferved in a frofty morning.
[
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ESSAY X.
AZOTIC GAS, OR IMPURE AIR,

AzoTic gas exifls in great proportion in the at.
mofphere; being, as we have already faid, one of
its conflituent parts. Whenever we abftratt the
oxygenous gas from common air, the refidue is aza-
tic gas. If therefore we burn a candle or any other
combuftible body in a jar containing common air,
the remaining air after combuftion is azotic gas or
impure air ; and 1f the combuftible bedy is phof-
rus, the gas is tolerably free from any admixture.

A candle immerfed in this gas inftantly goes out;
and if an animal is confined n 1it, it {oon dies.
Its prefence in the atmofphere {cems to temper and
moderate the attion of the oxygen; for without it
combuflion would be too violent and rapid, and the
oxygen breathed alone would excite inflammatory
complaints and foon prove fatal,

. Azotic gas 1s emitted during animal putrefaétion.
It 1s given out by ripe fruit, and by flowers; hence
the impropriety of keeping cither in apartments
where we live. The air is confiderably vitiated by-
skeeping pots of flowers i clofe rooms, as in bed-
chambers ; and bad effefts have frequently pro.

ceeded from it. Mulhrooms are obferved to evolve
I'2
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- this gas, whillt growing, and to afford more when

chymically analyzed than other vyegetables; they
approach 1n this relpeét to the compofition of ani-
mal matter.

It is a {ubjeét, that requires further chymical in-
veftigation, to afcertain the particular changes, that
are effe¢ted during the putrefaétion of animal mat-
ter. We might be enabled by it to difcover better
means, than are fow known, to preferve meat ; and

probably to recover it after the putrefaétion has

commenced. We know that the prefence of air is

neceffary to putrefattion, and that warmth and

moifture promote it; we therefore prefer a cool and

‘dry fituation for our larders.. Meat may be long

preflerved in veflels of fixed air, and means might,
I think, be invented for making this an eafy prac-
tice. Meat that is confiderably tainted, may be
rendered more palatable, either by burying it for a
few hours under ground, or by covering it with
yowdered charcoal. The meat of anunals, that
have been hun'ed, or otherwile violently exerci-
fed, inclines very quickly to putrefaétion, and is,
confequently tenderer than other meat kept the fame
length of time. Animals killed by lightning, or by
a ftrong eleétric [hock, which is the famething, have
the fame difpofition to putrefy ; and the latter mode
has been recommended for killing poultry, that 18
to be eaten ymmediately.
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The combination of azote and oxygen, beflides
affording common air, which we have already
treated of, conftitutes a variety of other {ubftances,
according to the proportions of the two ingredients.
Nitric acid or aqua fortis is a compound of thefe
two elements, and may be made by repeatedly pai-
ﬂi]g cleftric fhocks through a mixture of oxyge-
nous and azotic gas. The analyfis of this =crd
proves the fame thing ; for when it is made to pafs
through a red-hot porcelain tube, a mixture of
oxygenous and azotic gas is obtained.

The procefs ufed in manufa@luring the aqua for-
tis' for commerce, confifts in mixing one part of
faltpetre with two or three of red bolar earth.
This mixture is put into coated retorts, difpofed in
a gallery or long furhace, to each of which is adap-
ted a receiver. The firfl vapour, that ariles in dif-
tillation, i1s nothing but water, which 1s fuffered to
efcape at the place of juntture, before the luting is
applied ; that is, before the junéture is clofed up
with a ccmpuﬁﬂun of meal and water, or with é]a-
zier's putty, or {ome other fubftance, called luting.
When the red vapours begin to appear, the phlegm,
whichis condenfed in the receiver, is poured out, and
the recciver being replaced is carefully luted to the
neck of the retort. The vapours, which are con-
denfed, form at firlt a greenith liquor; this colour

difappears infenfibly; and it then becomes more ox
Fs
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lefs yellow. ' This is the common aqua fortis, which
yequires purification for chemical purpofes.

It may alfo be obtained by diftilling the fulphu-
ric acid upon nitre or faltpetre.  When pure, it is
colourlefs. It is ufed in dyeing, and in feveral
procefles by the manufaéturers in metals, as in gild-
ing, &c.  In confequence of its diffolving metals
it 18 ufed in etching upon copper. It is alfo a ufe.
ful medicine in a variety of complaints.

Nitric acid has a peculiar effeét upon animal mat.’
ter, converting it into a fatty fubftance, very like
fpermaceti. The fame converfion of animal mat-
ter into an inflammable {ubftance has been obferved
to be effetted by a natural procefs in certain fitua-
tions.

Touret, a French phyfician, has defcribed the
appearances met with on opening a vault i the bu-

rial ground des Innocents. Many of the bodies,
" that had been buried a great number of years, were

found to retain their form, and confiftence, and in
many refpeéts their natural appearance. When they
were examined, it was afcertained, that moit parts
of the body were converted into a fatty or rather
{permaceti-like fubftance that was inflammable, and
burned like {permaceti.

Dead animals thrown into running flreams have

undergone a fimilar change in many of their parts,
particu]arly, the flefh or mufcular parts. And nitric

acid PGLll'Ed upon a piece of fleth has been difco-
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vered to effeét the fame change. From thefe falts

there is little doubt, but that by proper management
horfefleth, and that of amimals dying of difeafe,
might be converted to the ufeful purpofe of makmg
foap or candles.

SALTPETRE, from which aqua fortis is obtained,
is a combination of this acid and potath. It is pro-
cured fometimes by natural procefles, {fometimes by
artificial means.

In fome countries the foil contains it, where they
have only to colleét what efflorefces on the furface ;
wafh 1t well, boil the water, evaporate, and then
cryftallize the falt. It is found in this ftate in the
Indies, and alfo in fome parts of Spain.

In general, however, it is formed artificially by
colle€ting animal and vegetable fubftances into
heaps, and fuffering them to putrefy. The animal
matter affords azote, which attraéts oxygen during
putrefattion, and thus forms nitric acid. The vege-

table matter affords potafth, which uniting with the’

new formed acid conflitutes the nitre.

In the North of Europe thefe faltpetre beds are
formed with lime, afhes, earth of uncultivated
grounds, and ftraw, watered with urine, dung-hill
water, and mother waters *,

Ot animal matter, blood, and next urine, favour
the produttion of faltpetre moft Of vegetable
matter, light minutely-divided earth, in which plants

* Refule waters from various manufactures,

I' 4
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have grown and decayed fucceflively for ages, is
fitteft to form thefe beds.

From the'artificial as well as natural nitre-beds
the falt is extrafled by wafthing the earth in-water,
evaporating, and then cryftallizing.

Obtained by this firft operation the f{alt is never
pure, but contains common falt, and an extraftive
colouring principle, from which it muil be cleared.
For this purpole it 15 diffolved in frefh water, which
is evaporated, and to which bullock’s blood may be
added, to clarify the folution, The nitre obtained
by this {econd procefs is termed mitre of the fecond
boiling.

The purified nitre is employed in making the
better fort of aqua fortis, and in the compofition
of gunpowder., Saltpetre of the firlt boiling 1s made
ufe of in manufafturing an inferior aqua fortis for
the ufe of dyers.

We have faid that f{altpetre is an ingredient in
gumpswder. 'This powerful compofition is a mix-
ture of feventy-five parts of faltpetre, -nine and a
half of fulphur, and fifteen and a halt of charcoal.
This mixture is triturated from ten to fitteen hours
in pounding-mills, having their peftles and mortars
of wood, care being taken to moiften it from time to
time. It is then paffed through fieves of fkin, and
granulated.. The powder is then fifted to fepa-
rate the duft, and, lailly, carried to the drying

" houfe.
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Caniion powder tequires nothing further ; but for
fowling powder, the procefs of glazing is necellary.
‘Ihis is done by puttihg it into a kind of cafk, which
turns upon an axis, by the motion of which the
angles of their grains are broken; and the furfaces
polifhed. .

In the compofition of gunpowder, it is not ne-
ceffary to attend exaétly to the propertions diretted
above; for, although the proportion of {altpetre
cannot be varied much without detriment, that of
the other two ingredients may vary confiderably,
without very materially altering the properties of the
powder. The purity of the materials is of very
confiderable confequence, and fo is the circumﬁanc_a
of therr being very mtimately nmixed. 1f the falt-
petré contains any portion of common falt, which
1s ufnally the cafe with the inferior forts, it injures
the powder by attratting moifture from the atmof-
phere.  Gunpowder moiftened by this caufe, or by
any dccident, lofes its power, in confequence of the
water diffolving the faltpetre, and feparating it from
the other ingredients.  When thus damaged, if by

ure water, it only requires to be again powdered

and regranulated ; but if falt water has caufed the
damage, it cannot be remedied; the ingredients,
however, are valuable, for the faltpetre may eafily
ve feparated by folution and cryftallization.

The eficéts of unpowder are owing to the fudden
formation of a qi-antity of gas, and are confequently

F s
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greater when the gas is confined in all diretions but
one, as in our guns and cannons. The nitric acid
of {altpetre is decompofed, and affords the gas. The
other ingredients difpofe it to be eafily inflamed,
which is neceflary to the decompofition of the acid.

A fulminating powder, poflefling far greater powers
than gunpowder, is formed by mixing and triturat-
ing three parts of nitre, two of falt of tartar, and
one of fulphur. A few grains of this heated in an
iron ladle over the fire 1s firft melted, then affords a
blue flame, and at laft a violent explofion.

When the nitric acid i1s poured upon iron, cop-
per, or zinc filings, there i1s a confiderable difen-
gagement of air, which aflumes a red colour, but
which, 1f collefted in a jar previoufly filled with
water, and inverted in a tub of the fame, 1s colour-
{efs, and i1s known by the name of nitrous gas.

Nitrous gas 1s, like nitric acid, a compound of
oxygen and azote; but in this the proportion of
oxygen is much fmaller. It will {upport neither
combuftien nor animal life.

When mixed with oxygen gas it unites and forms
nitrous acid, which appears in red vapours. When
mixed with common air the fame takes place, which
is the caufe of the red vapours that appear when the

itric acid is poured upon the iron or copper filings.

As the nitrous gas combines only with the oxy-
genous or pure part of common a, it has been
employed to afcertain the quantity of oxygenous
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gas, and confequently the purity of the air. Ufed

in this way, it is called a eudiometer. Yor this

purpofe, a given quantity of nitrous gas 1s added
to a certain quantity of common air, or any other,
that is required to be examined. The mixture is
made in a graduated tube over water, and 1n pro-
portion’ to the quantity of oxygen the volume of
air is diminifhed, and the water rifes in the tube.
‘The height to which the water rifes is the meafure
of the purity of the air, |

By expofing nitrous gas for a few days to iron
filings, it lofes part of its oxygen, and then con-
ftitutes a gas called nitrous oxyd, which 1s confe-
quently a compound of oxygenous and azotic gas
with a lefs proportion of the former even than
nitrous gas.

Nitreus oxyd may be obtained by a variety uf
other means, but the pureft is got by the following
procefs, as direéted by Mr. Henry. . To diluted
nitric acid add carbonate of ammonia (the common
[melling falts) till the acid 1s faturated. - Then eva-
porate the folution; and to fupply the wafte of
alkali, add occafionally a little'more of the carbonate.
Let the folution be evaporated by a very gentle heat
to drynefs. The falt thus obtained i$ next to be put
into a glafs retort, and diftilled with a fand heat,
not exceeding 500° Fahrenheit. The heat of an
Argand’s lamp even is {uflicient.  The gas may be
colletted over water, and allowed to ftand a few

b3
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hours before it is ufed; during which time it will
depofit a white cloud, and will become perfettly
tran{parent. _

The great peculiarity of this gas is, that it {up-
ports combuftion, and not the life of animals.
Mott ' inflammable bodies, as charcoal, fulphur,
phofphorus, and even iron wire, burn in this gas
with nearly as much rapidity and {plendour as in
oxygen gas. The nitrous oxyd is decompofed, and
1ts oxygen unites to the inflammable body.

When an animal is wholly confined in this gas
it {peedily dies, but when breathed for a fhort time
trom a bladder or oiled-filk bag it has a very ex-
traordinary effett. We have very refpeétable tefti-
monies to the peculiar fenfations it excites, in an
effay publifhed on the fubjeét by Mr. Davy.

Moft perfons exprefs their feelings on the, occa-
fion, as highly pleafurable. They experience great
exhilaration, and feel an irrefiftible propenfity to
laughter, as well as an unufual difpofition to muf-
cular exertion. Their ideas are vivid, and flow
rapidly ; and, in fhort, they experience what moft
perfons do in the pleafant period of intoxication,
without f{uffering any of the unpleafant effecis thas
ufually fucceed mtoxication.

W ith the various compounds of oxygen and azote
now deflcribed, we finifth the confideration of thole
clements, and pafs to that of hydrogen.
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ESSAY XI.
$IYDROGEN GAS, OR TNFLAMMABLE AIR.

HyYDROGEN, as its name imports, 1s a conflitu-
ent part of water, of which oxygen 18 the other
ingredient. It is from the decompofition of water
that we obtain hydrogen gas, and this is done in a
variety of ways. We fhall defcribe only two;
the firlt of which i1s the molt-eafily accomplifhed,
and the latter 1s moft economcal, which 1s of
confequence, when a large fupply of this gas is
required.

The firft mode only requires you to pour {ulphuric
acid, or oil of vitriol, previoufly diluted with five
or fix times its weight of water, upon iron filings,
or {mall iron nails, 1n a phial or glafs retort with
a recurved tube. An eflervelcence will enfue, and
the efcaping gas may be colletted in a jar under
water.

To obtain this gas in the large way, procure a
gun-barrel, the breech of which has been removed,-
fo as to form a tube open at cach end. Fillthis
with iron wire, coiled up in a fpiral form. To
one end of the barrel adapt a fmall glafs retort,
partly flled with water, and to the ether a bent
glafs tube, the open end of which terminates in
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the receiving veflel. Let the barrel be placed
horizontally (or rather with that end to which
the retort 1s fixed a little elevated) in a -furnace
having two openings in its body oppolite to each
other. Light a fire in the furnace; and, when
the gun-barrel has become red hot, apply a lamp
under the retort. -The fleam of the water will
pafs over the red hot iron, and will be decom-

pofed. Its oxygen will unite with the iron,

and its hydrogen will be obtained in-the form of
a gas.

This gas burns with a filent lambent flame, when
in contaét with common air; hence its name of in-
flammable air. When previoufly mixed with

common air, an explofion takes place on the ap-

proach of a lighted match or candle. This gas
of itfelf, however, extinguiﬁlu&:ﬁ a burning body ;
thus, if a jar containing inflammable air is brought
in an inverted flate over the flame of a candle,

and depreflfed, it immediately extinguifhes it. .

Its other properties are, that animals confined in
it foon die, though plants live and thrive in it,
and that it is very confiderably lighter than com-
mon air.

Knowing it to poflefls thefe properties, we fhall
be able to explain many very curious faéts.

ARTIFICIAL FIREWORKS are made by pafling
this gas through metallic tubes, varioufly difpofed,
and furnifhed with-a variety of orifices, through
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which the gas can efcape. The machine, to
which thele complicated tubes are affixed, is made
moveable wholly, or in part, and in different di-
reftions, fo as to add much to the effett. The
gas is inflamed at all thefe orifices, where 1t comes
in contaét with the atmofpheric air, and burns with
a {lill flame.

A conftant ftream of it is fupplied by prefling
the bladders, or bags, that contain 1t, and that are
connefted to the main tubes, from which all the
others branch out. I

The moft common explanation of the AURORA
BOREALIS, or northern lights, 1s, that a {tratum of
hydrogenous gas above the atmolphere of com-
mon air is lighted by the eleétric {park, and burns
{lowly, where it comes in contaét with our com-
mon air. The corrufcations of light obferved
chiefly in northern latitudes arc perhaps referable
to the fame caufe. The levity of this gas, com-
pared with that of common air, will account for its
occupying a higher region; and, as it can only burn,
where it is in contaét with the latter, the appearances
we obferve in the aurora borealis are exaétly fuch as
we fhould expeét from fuch a caufe.

Inflammable air or hydrogenous gas is frequently
extricated in mines, probably from the decompo-
fition of bituminous or coaly {fubftances. It is
called by the miners FIRE-DAMP; and is to them
a fource of greai danger, as well as'inconvenience;
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for, by becoming mixed with the common air,
it is fubjeét to fudden and violent explofions, when-
ever a lighted candle or other ignited body is acci-
dentally brought into contatt with it.

In ftagnant muddy water, where the putrefac-
tive procefs is conftantly going on, both of ani-
mal and vegetable matter, there 1s a confiderable
difengagement of inflammable air, which is feen
riling to the top in bubbles. It is eafily collefted
by mverting a wide-mouthed jar, filled with water,
in one of thefe flagnant pools, where the bubbles
are obferved, and then ftirring up the mud from the
bottom with a flick. This agitation caufes a more
rapid difengagement of the gas.

The gas thus procured 1s found te contain a con-
fiderable portion of another gas, viz. the carbonic
acid gas or fixed air. The evolution of thefe gaffes
from fuch marfhy fituations is in confequence of
the decompolfition of water by the putrefying ani-
anal and vegetable matter. The oxygen of the
water uniting with the carbon of the putrefymng
mafs forms the fixed air, whilft the hydrogen of the’
water efcapes in the form of hydrogen gas.

It muft be remembered that the bubbles of aic
feen to arife from flreams, and clearer water, n
which the green conferva and otler vegetibles
grow, as the duck-mea: (lémna), or chick-weed
(alfine or ftellaria medi.), 1s pure air or oxygenous
gas, and not this iflammab.e air.

S
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In confequence of this gas being fo much lighter

than common air, it has been applied to the purpofe
~ of forming AIR BALLOONS. A bladder or bag,
made of waxed canvas, or oil-fkin, when filled
with this gas, is much lighter than the fame bulk of
common air, and therefore rifes from the ground
when liberated, as naturally, and by the {ame law,
as a cork prefled down under water, rifes to the top
when the force is removed.

The larger the balloon, the greater weight it 18
able to raife with it; but the higher it mounts, the
lefs weight it 1s able to carry.

The realon of this latter circumflance 1s, that .
the higher it gets the rarer is the air,' and confe-
quently the lefs 1s the difference between the [pecific
gravity of the air in the balloon and the {urround-
ing air.

On this depends the utility of carrying ballaft,
when 1t is required to mount high in the air.
The more ballaft your balloon is able to raile, by
being made large, the higher you may alcend;
tor by gradually throwing out . the ballalt, you
mount ftill higher in the air. When it 1s required
to defcend, the inflammable air 1s {uffered gra-
dually to efcape from the balloon; by which means
it becomes {pecifically heavier than the atmof-
pheric air, and confequently falls gradually to the
ground. The inconveniences . experienced by
acronauts, when the balloon has reached the ground,
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m confequence of its rebounding, and often drag-
ging the travellers to a confiderable diftance, might
be obviated by contriving the means to let the
whole of the gas efcape as foon as the balloon has
touched the ground. |

Another kind of balloon is formed by filling the
bag with heated air-inftead of hydrogenous gas,
and by keeping it in the fame heated ftate, which
15 done by means of a fire under the balloon,
having a communication with its cavity. The air
in the balloon in this cafe being rarefied, and made:
{pecifically lighter than the furrounding air, rifes
and carries a weight with it upon the fame principle
as the firft kind of balloon.

An amufing experiment, proving the lightnefs
of this gas, may be performed by forming foap
bubbles with it inflead of common air. For this
purpofe fill a bladder with the gas; if the bladder
1s furnifhed with a ftop-cock it will be more con-
venient; and then adapt it to a common tobacco
pipe. Dip the bow! of the pipe into a lather of
foap, and by prefling the bladder blow it up into
bubbles. Thefe bubbles, from their extreme levity,
rife very rapidly.

We have faid that hydrogen and oxygen form
WwATER; and, in the experiments detailed for pro-
curing hiydrogenous gas, we have proved it analy-
tically; for whilft this gas comes over, the other

A
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conflituent, oxygen, is united to the metal, that 1s
employed. .

We have allo f{ynthetical proofs of this compoli-
tion of water, one or two of which we fhall recite;
~and thefe we truft will fuffice. 'When a mixture
of hydrogenous and oxygenous galfes is made to
explode, there is always a formation of water; but
in a fingle experiment it 1s too minute to be com-
pletely fatisfattory, although a dew may. generally
be obferved to be depofited on the fides of the vellel
in which the experiment is performed.

By the {low but continued inflammation of hy-
drogen gas in common air, a {ufficient quantity of
water may be formed to fatisfy any one with refpect
to its compofition. This may be done in the fol-
lowing way: fill a bladder, furnifhed with a ftop-
cock and pipe, with hydrogen gas. Procure a
glafs é]c-be, having two openings oppofite to each
other; then fet fire to the flream of hydrogen gas
pafling from the tube, and introduce it into the
centre of the globe. The combuftion may be con-
tinued, it required, till all the inflaimmable air 1s
burnt; and drops of water will be obferved running
down the infide of the globe.

The eleétrical piftol is a machine contrived for
exploding a mixture of inflammable air and com-
mon air by means of the eleétric {park; and the
torce of explofion is made to drive out a cork, or
other folid body, with fome violence,
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Each time that the piftol is fired, a minute quan-
tity of water 1s formed; and if the experiment is
frequently repeated with the fame piftol, its inter-
nal furface becomes very fenfibly moiftened.

In iron foundries, and in manufatories where
other metals are melted, very ferious accidents have
happened from only fmall quantities of water getting
accidentally into contatt with the heated metal, 1f
only a few drops of water happen to be in the caft
or mould, which is to receive the melted metal, a
moft violent explofion 1s fure to enfue, as {oon as
the metal comes into contatt with it. The fluid
metal is thrown about in every direftion, and the
workmen of courfe are dreadfully burnt. The
effeét here is much greater than it would be from
the mere converfion®of the water into vapour; and it
is now afcertamed, that it arifes from the decom-
pofition of the water, and confequent formation of
inflammable and pure air; a few drops of water
affording a very largé volume of the airs.

It is unneceflary to fay any thing refpeéting the
important ufes to which water is applied. To pre-
ferve it .fweet during long voyages, it 15 neceffary
that the watercalks {hoald be well charred on their
infides. This is found tp be the beft means of pre-
venting the decompofition of the water, which 1s
the caufe of its becoming difagreeable to the tafte,
and unwholefome. Many {uppofe that water be-
comes tainted in confequence of the putrefaétion of
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animalculze and {mall vegetables, which it contains ;.

but this is not fo much the caule, as a real decom-
pofition of part of the water, which is effefted by
the juices and other parts of the wood of the cafk
attratting the oxygen of the water. The hydrogen
remains 1n the water, and gives all the unplealant
properties toit, Charring of the cafks is the beft
preventive. Tainted water may be fomewhat re-
covered by ftirring in it powdered charcoal.
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ESSAY XIL

CARBON, OR CHARCOAL:
CARBONIC ACID GAS, OR FIXED AIR,

- CARBON is the name given by chymifts to the
pure part of charcoal. Itis prefent in almoft all
combuftible bodies, and is itfelf completely com-
buftible. Carbon is not decompofable, and there-
fore ranks amonglt the chymical elements. The
moft interefting compound, of which it forms the
bafe, is its union with oxygen, when it forms the
carbonic acid gas, or fixed air. This compound
will furnifh us with materials for the prefent eflay ;
but firft it may be as well to fay fomething of
charcoal.

CHARCOAL, as met with 1n commerce, 15 ob-
tained from the partial combuftion of wood. Bil-
lets of any kind of wood are heaped up into piles,
ufually in the form of pyramids. The whole 1s
then covered with earth, leaving an aperture at top,
and bottom for a current of air. The pile 1s now
fet fire to, and when completely ignited throughout,
the apertures are clofed, and the fire confequently
fmothered. In this procefs all the juices of the
vegetable, its oils, &c., are diffipated, ieaving little
more than its woody fibre. It lofes about three-
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faurths of its weight, and what remains is called
charcoal.

This charcoal contains, befides carbon, fmall
quantities of different kinds of earth, fome water,
and, it 1s now fuppofed by fome, a proportion of
oxygen. |

When charcoal is burnt, its carbon unites with
the oxygen of the air, and fo much heat as to give
it the gafeous form, and conflitutes cARBONIC
ACID GAS, or fixed air.

The fame gas is alfo obtained b}* the combuftion
of the diamond, proving that this precious and coftly
article is “carbon or charcoal in a very indurated
ftate, and afluming a determinate form. It was not
till lately that the diamond was proved to be com-
buftible ; but by means of the blow-pipe, and a
ftream of oxygen gas, it may be, to {peak in com-
mon language, wholly confumed. The air, that is
extricated during the combuftion, is carbonic acid
gas, proving the diamond to have been chiefly, if
not wholly, compofed of carbon.

Long before this faét refpeéting the diamond was
alcertained, Sir Ifaac Newton, reafoning fromr its
great refratting power, declared it to be his opinion,
that it was one of the moft combuftible of bodies.
Modern difcoveries have now proved the faft; and
it affords us an admirable inftance of the acumen of
that great philofopher.

. The CARBONIC ACID GAS, whichwe fha now

2
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take into confideration, may be obtained much
purer by other meayﬂ: than by the tombuftion of
charcoal. It is this gas that is extricated in almoft
all cafes of effervefcence, as when vinegar, or any
other acid, is poured upon chalk, marble, lime-
ftonie, or potafh.

The beft way of procuring it for experiment is,
to pour diluted fulphuric acid upon chalk in a com-
mon phial, furnifhed with a bent tube. The gas
may then be received in jars over water.

It pollefles the following properties: it is much
heavier than common air: it extinguifhes flame,
and 1s fatal to animals : it poffeffes the properties of
an acid, and precipitates lime from lime water.

By keeping in mind thefe properties, we {hall be
able to dete(t the prefence of this gas under a va-
riety of circumitances, and thus be enabled to
account for various interefling phanomena. We
fhall find that it is extricated during the ferment-
ation of beer, and other liquors ; that it is formed
during many inftances of combuftion, and by the
refpiration of animals ; and, alfo, that it is met with
naturally in. certain mineral waters, and in many
other [ituations.

Fermentation 1s- the term ufed to fignify thofe
changes that take place in dead animal and vege-
table matter, when expofed to the attion of the arr,
and kept at a certain temperature, If the faccharine
or fugary principle predominates in the {ubflances
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employed, the produét will be a fpirituous liquor,
and the procefs is called the {pirituous or vinous
fermentation. When a mucilaginous, or gummy
matter abounds, vinegar is formed, and the procefs
is then termed the acetous fermentation. Sub-
ftances that-have already undergone the fpirituous,
will, very often, pals to the acetous fermentation,
particularly if kept warm, and at the fame time
expofed to the air. Laitly, when gluten or jéllj'f
exifls in confiderable quantit}f,' as in animal matter,
that kind of fermentation, termed putrefaflive, is
fure to take place; and the produét here, that is cha-
ratteriftic ot the kind of fermentation, is ammonia, or
volatile alkali, fuch as the common {melling falts.
We {hall in this place confine our attention to
the vinous or {piritubus fermentation; during which
there 1s evolved a very confliderable quantity of
carbonic acid gas, or fixed air. This is the pros
cefs by which we obtain fpirits of all kinds, as
rum, brandy, gin, &c., allo every kind of wine,
of cider, perry, or beer. In making any of thefe
liquors, it is neceflary that a quantity of {pirit
fhould be tormed, and the procefs is in all alike,
Wine is made of the mult or pure juice of grapes,
or of the juice of other fruits diluted with fugar and
water in order to difpofe it to the vinous fermenta-
tion. The mixture fhould be kept at a heat equal
to about 70° of Fahrenheit : hence the advantage of
making wines in warm weather. It now foon be.
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comes turbid, and air bubbles are feen to rife te
the furface, which are the carbonic acid gas, or
fixed air.

- This air being entangled in the pulpy part of the
fruit, caufes part of it to rife to the furface, in the
form called yeaft or barm. A fediment is at the fame
time gradually depofited ; and as the bubbles of air
at top burft, and let fall the pulpy part that it was
entangled in, the wine is left clear and tranfparent,
fit for calking. ‘

 That it is carbonic acid gas, that 1s thus extri.
cated during the vinous fermentation, 1s proved,
firft by holding a lighted candle, or piece of lighted
paper, over the fermenting liquor, when it will be
inftantly extinguifhed ; and next by half emptying
. a bottle of lime water in the fame f{ituation, and
then fhaking the remainder, which will thereby
become white and turbid.

This gas, being much heavier than common air,
always keeps its place over the furface of the
liquor, till it rifes as high as the edge of the tub
or vat, and then it defcends to the floor; fo that,
if you hold the candle only a few inches above
the edge of the wvat, it is not extinguifhed; but
gocs out immediately when held over the liquor,
and below the top of the vat, This is the reafon
too why, when the vat is emptied of the liquor,
the gas for fome time occupies the bottom of i, fo
that it is unfafe for the workmen to get into it, wik

&
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a view of cleaning it. This is well known to the
labourers in breweries, who never defcend into
the vats before they have tried the purity of the
air in them by lowering a candle. If the candle
is not extinguifthed, they know that they may de-
fcend with fafety; for it is then certain that the hixed
air has made 1ts efcape.

After the wine is calked, the fermentation ftill
goes on, though in a much f{lower degree, and a
depofition of tartar takes place. The carbonic acid
gas, that 1s now extricated, not being able to efcape,
is abforbed by the liquor, and gives it 1ts brifknefs,
and that pleafant fharpnels tosthe palate which it

now has, inftead of the flat infipid tafte which all
wines have when firlt made. g
The fame {low fermentation, accompanied with
a depofition of tartar, and formation of carbonic acid
gas, continues even after the wine is in bottles, and
occalions the difference between old and new wine,
In fome hquors the fermentation, and confe-
quent formation of carbontc acid gas, is much more
conliderable than in others, as in Champaign wine,
in perry, or in cider; and hence their {parkling
appearance and effervefcence, when uncorked. The
quantity of gas formed in thefe cafes is fo great as
only to be retained in combination with the liquor
under great preflure ; and this preflure being removed
by uncorking the bottle, part of the carbonic acid
smmediately affumes its gafeous form, and flies off,
G2
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As the brifknefs of all wines depends upon the
prefence of carbonic acid, they will always prove
flat and infipid, either when the fermentation is
{o moderate, that fufficient carbonic acid is not
formed, or when that, that is formed, is allowed
to elcape. The former cafe never occurs when
the faccharine matter futhciently abounds, and atten-
tion 1s paid to keep the liquor fufficieritly warm. -
When, from want of this, it has happened, -the
fermentation muft be promoted by adding more
fugar, and a fmall quantity of yeaft.

Wines are more frequently flat in confequence
of ‘the gas being allowed to efcape when formed,
and this beth in the cafked and bottled flate. The
fame may be faid of other liquors, as cider, perry;,
and more particularly beer. The cafks thould al-
ways be filled, or very nearly fo, and the tighter
they are the better. The greater the refiftanee that
is afforded to the new formed gas, the more will be
abforbed by the liquor, and the pleafanter it will be
to the palate. In confequence of its being neceflary
to make an opening to let in air when a barrel is
tapped, the carbonic acid gas 1s allowed to elcape,
and the beer or other liquor foon becomes flat, par-
ticularly if the orifice is not clofed. -

Beer, that is thus rehdered flat, may be made
much more palatable again, by impregnating 1t with
carbonic acid gas. :An ealy mode ot doing this n
the barrel might, perhaps, be contrived; but for

6
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fmall quantities to be impregnated, as.it is required
for the table, nothing will anlwer better than an
apparatus called Nooth's apparatus, for making
Selizer water, which will prefently be noticed.

In bottling every kind of wine, cider, beer, &c.,
great care fhould be paid to the corking. The gas,
as it is formed, exerts great force to elcape; and 1f
the cork does not fit very accurately will be {ure to
make its way out. ‘The liquor will then never
acquire the brifknefs, and fharp talle, that it ought
to have.

It s always better to lay bottled liquor on the
fides than upright, for then the gas muft pals thraugh
the liquor before it can elcape; and belides this,
the cork is kept wet and {welled, and is much lefs
Liable to decay, which would thus communicate an
unpleafant tafte to the liquor. - . 1o

To make beer, barley 1s foaked in watger, and then
Jaid in heaps fome inches deep, -till the grain has
germinated, and the germe, or new fhoot, 1s abous
two thirds of the length of the grain. It is then
dried, to flop its growth, generally by artificial heat
in kilns, when 1t is called kiln-diied; and fome-
times in chambers, where the air is freely admitted,
when it is called air-dried malt.

- The malt previoufly fkreened, that is feparated
from the hufk and germe, or new fhoot, which is
called its culm, and then ground, is infufed in
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boiling water in a mafth tub. The liquor, thexn
drained off, is called fweet wort.

It 13 next boiled with hops, to give it a pleafant:
flavour, and is cooled as fpeedily as poflible, to
prevent 1ts running into the acetous fermentation,
and turning four. When cooled, it is put into
large tubs or vats, and brought into the vinous fer-
mentation,, by the addition of yeaft. |

The fame circumftances take place as to the ex-
trication of carbonic acid gas, when beer is in a
ftate of fermentation, as when wine is made. .In
both it is the vinous fermentation, and in both the
refult is a fpirituous liquor. '

The barley is firlt made to vegetate, becaufe it
thereby acquires a greater quantity of faccharine
matter; and this is a requifite ingredient in every
cafe of vinous fermentation,

A’s in every cafe of this fermentation, called the
fpirituous or vinous, there is a fpirituous liquor
formed, we may always procure the {pirit feparate,
by diftilling fuch fermented liquor; and, accord-
ing to the materials made use of, we obtain different
kinds' of Jpirit, having different flavours, as well as
diflerent names.
~ From wine lees is obtained the Rhenifh brandy:
Trench brandy from the hufks and ftalks of grapes
fermented.  Rum from. the fugar-cane. Gin,
whilky, and other Britifh {pirits, from malt.

Carrots, beet-root, potatoes, and fome other

i
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roots, by being fimilarly fermented, have been mad_:;‘
to afford fpirits. And amongft the Tartars a {pixi-
tuous quum' called koumifs, is made by _f{:rmf;nt-:
ing mare's mlk, :
~ Beflides being extricated during fe.rmt:nhtmn,
carbonic acid gas is formed in many inftances of
combuftion. As moft inflammable bodies contain.
carbon, fo moft afford carbonic acid, when burnt,
by the union of this carbon with the oxygen of
the air. When charcoal is burnt, it is formed in
fuch quantity, as to be made fenfible by its bane-
ful effeéts. :

We have before ftated, that it will not {upport
lifz; and many a perfon has been killed by not being
. aware of this circumftance, and that it is gwen cut,
wherever charcoal is burnt. ' .

It 1s very common to light a charcoal ﬁrﬂ n
cellars, and vaults, when wine is to be buttled “off
in cold weather; and in fuch fituations there bemg
no current of air to waft away the noxious gas, many
have experienced its deleterious effeéts. In warm-
ing and airing damp or cold rooms it 1s fr&iluﬂr}ll;f
burnt, and in many manufaétories the workmen are
a good deal expoled to the effluyia. In thefe, and
in all other cafes, where burning charcoal is ufed,
great caution fhould be taken, to remove the gas 2as
effettually as poflible, and for the workmen to be as
little expofed to it.

The firft effe€ls that are experienced by a per fﬂn
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expofed to this gas, are extreme laflitude and drow.
{inefs. He foon becomes unable to fuppnm him{elf,
and faints away. If he has not the power-to remove
from the effluvia, when he firft feels its influence,
and is not fortunately removed fhortly after he
faints, he remains fenfelefs, and is foon irrecover-
ably loft.

When a perfon is difcovered fuffering from this
caufe, he fhould inftantly be removed to the open

| air, and the fame plan be adopted as in cafes of

- apparent death from drowning. If the perfon thows

any figns of lite, as {oon as brought into the air, the

| plefervlng a free circulation of air, and the daﬂmug
- | of cold water on the furface of the body, to ex-
. | cite the ation of the refpiratory organs, will be

fufficient.
But, if he appears lifelefs, artificial re{piration

wnh the duuble bellows, continued friftion, and

the apphcatmn of heat, muft be had recourfe to.
If an eleétrical machme be at hand, a fhock fhould

| be Pa!Ted thmugh the region {Jf the heart,

Bleeding, the ufe of emetics, and the admini-
ftration ot tobacco gl}rﬂeré,‘as recommended by
fome phyficians, I look upon not only as unfer-

| viceable, but as likely to deftroy what fmall fpark
| oflife may yet remain.

We have faid, that carbonic acid gas 1s given

| out by the refpiration of animals, as well as by com-
\buftion. This is eafily proved by breathing through
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lime water: for it immediately becomes turbid,
which we have before ftated to be one of the pro-
perties, and a diftinguifhing property, of carbonic
acid gas. The caufe of it we fhall give prefently.

This extrication of carbonic acid gas in breath-
ing is another caufe, to be added to that of the
abforption of oxygen, or the pure part of the air,
why animals can live only a fhort time when confined
in clofe veffels, and why we fo conftantly require
the accefs of frefh air.

From the greater fpecific gravity of carbonic
acid gas, it is frequently found occupying pits, and
low fituaticns. It often occhipies the bottom of
wells, and therefore workmen ought always to be
cautioned againft defcending into fuch places, with--
‘out firlt lowering a lighted candle. If the candle
continues to burn, they may defcend with {aftety ;
but if not, it is {ure to be dangerous.

There are feveral caves  and grottoes, in different
countries, that are occupied, at lealt near their
bottoms, by this heavy gas. A man may often walk
in them without any ill effetts; whilft a dog, or
other animal, breathing a ftratum of air nearer to the
ground, will foon experience unpleafant f}"mptﬂms.

In mines this gas 1s called the choak-damp, as in-
flammable air is called the fire-damp. A lighted
candle 1s a fuflicient teft, to determine the prefence
or abfence of the choak-damp: but, for reafons
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before mentioned, it would be attended with grtat
danger, where the fire-damp is prefent.

In all cafes where the prefence of fixed air is
likely to be attended with inconvenience, the fol-
lowing rules thould be obferved to cbviate it.

Where it can be done, it fhould be removed by
ventilation. In rooms where charcoal is burnt,
frefh air fhould be freely admitted. *In mines, fires
fhould be kept up near one entrance, fo as to caufe
a conftant current of air through the mine; and,
where 1t 1s pratticable, a flream of water fhould be

‘made to flow through that part that 1s moft charged

with the gas; for water will abforb a confiderable

‘quantity of it.

The plan that is moft frequently applicable for
temoving this baneful gas, 1s to ablorb it by means

‘of lime. In apartments where it 1s prelent, tubs

of water with a quantity of quick lime in 1t will
be fufficient. In wells the fame mode will anfwer;
and, in mines, pits or pools of water may be im-
pregnated with lime, and quick lime' may be {prin-
kled about the floors.

Springs of water are {ometimes met with, naturally
impregnated with carbonic acid gas, as that of

‘Seltzer, which is noted for its medical virtues, To

imitate fuch natural waters, we have only to pour

diluted fulphuric acid on powdered chalk, and fuffer

the gas, that is extricated, to pafs repeatedly through
water, till a fufficient quantity is abforbed.
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An apparatus, known by the name of Nooth’s
apparatus, effets this purpofe with great eafe; and,
when properly managed, without much danger of
its breaking. When the mixture of the acid and
chalk is carelefsly made, there is {fo much gas fud-
denly evolved, as frequently to burft the vellel, and
inconvenience the: operator. The way to prevent
this accident, and the proper mode of managing the
mixture is this. Firft put your acid in, and by in-
clining the apparatus, let it remain on one fide}
then drop in the powdered chalk, fo as to'occupy
the other fide of the veflel; and always let it ftand
a little inclined. Now, when you with more gas
to be evolved, you have only to fhake it géntly, {o
as to walh down a little of the chalk with the acid,
and then return the veflel to its inclined pofition,
By this means the evolution of gas will be gradual,
and all danger of the apparatus burfting be obviated:

This Seltzer water,. whether natural or artificial;
as drunk with advantage in many cafes of indigef-
tion, and in calculous or gravelly cemplaints.

Water impregnated with carbonic acid gas is ena-
bled to diffolve more lime than ‘common water; and
water thus charged depofits. its: redundant lim::,
when by expofure to the atmofphere 1t lofesits car-
bonic acid gas. This is the caufe of all the calcare-
ous incruftations, termed petrifaltions, and all the

ftalattites formed in caverns.
G 6
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‘The water in fuch fituations, being impregnated
with fixed air, diffolves more lime than it can after-
wards hold in folution, when by expofure to the at-
mofphere it lofes its air. As the water lofes its
hxed air, therefore, it gradually depofits. its lime ;
and if there happens to be mofs or any other fub-

ftance in the fiream, it becomes incrufted with the
Ihme, whilft it retains its natural form.

Carbonic acid, like other acids, enters into coms
bination with the earths, and alkalies, forming neu-
tral faltss. 'When united to lime, it forms chalk, or
lime-ftone, or marble ; and thefe fubftances, when
again deprived of the carbonic acid, are reduced te
lime. For the purpofes of making mortar, lime-
{tone is deprived of its carbonic acid by heat ; the
flone and fome kind of fuel being burnt together in
a kiln. The carbonic acid gas being thus driven
off by heat, leaves the ftone in the ftate called quick
lime, which is a cauftic corroding fub{tance.

When expofed to the air, it gradually attratts the
carbonic acid gas, which is always prelent in a fmall
proportion, and is thus reconverted into chalk or
lime-ftone. It is now mild, and inert, inftead of

being cauftic, and is no longer fit for making
mortar.

The extrication of carhﬂniﬁ acid gas, when lime
is burnt, makes it a very unhealthy employment to
be engaged conftantly in lime-Kilns ; and many ac-

——
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cidents have happened, from perfons fleeping too
near the burning lime.

It is the great difpofition that lime has to unite -
with this gas, that caufes the turbid appearance in
lime-water, when expofed to the gas. Lime by it.
{elt 1s foluble in water, but chalk 1s not; when
therefore the lime in the lime-water has attrafted
the carbonic acid gas, and thus become chalk, it is
depofited, and caufes the turbid appearance.

As the lime will gradually attratt the gas from the
air, lime-water fhould always be kept in bottles
well corked, otherwife the lime is feparated, as ap-
pears by the pellicle on its furface, and the lime-
water becomes only common water.

We have now finifhed the confideration of car-
bonic acid gas, and fhall in the next effay treat of
other combinations of carbon,
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- ESSAY XIIL

CARBON, OR CHARCOAL:
COALS, OILS,

THE compounds remaining to be noticed, whick
have carbon for their principal ingredient, are coals
of different kinds, and oils. The bitumen of coals,
as well as oils, is a compound of carben and hydro-
gen, with a fmall proportion of oxygen, and fome-
times of azete. The foot, which they afford, is
chiefly carbon; and the more flowly or incom-
pletely they are burnt, the more foot they afford.
'I'hat from oils forms lamp-black.

Whatever be the orjgin of coar, whether vege-
table, animal, or mineral, and how numerous fo-
ever its varieties, it has certain uniformm charaters,
and differs but little in its chymical qualities.

Coal 1s a compound of oeily or bitumnous matter
and fulphur with anearthy bale, generally alumi-
nous, argillaceous, or clayey, which are fynoni-
mous terms. It 18 a kind of {chiftus 1mpregnated
with bitumen and fulphur. And this ichiftus 1s
found thus impregnated in various degrees.

It is only when it contains fo much bitumen, ‘as
to make it-burn with-facility, that we denominate
it coal ; but in the fame mountains, that we find

i R o i i il
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coal in, are other ftrata of the {chiftus lefs 1mpreg-
‘nated 'with bitumen, and thele are knowmrr under
other names. _

Coals are commonly found in hilly f{ituations,
and always under ftrata of grit, which1s a mixture
~of fand and clay; or under [chiftus, which is clay
hardened, and fplitting into layers, forming either
flates, or a fubftance called fhivers, according to
its frafture. |

The coal 1s found in thefe mountains in firata,
from a tew inches to fome feet in thicknefs, and al-
ternating with ftrata ot gnit or fchiltus. The beds
of coal run in various direttions, generally with a

dip or inclination from the horizontal p-:::ﬁlimi.

*They are frequently intercepted by columns of
other matter ; and the continuation of the bed may
be either higher, or lower, than the part from
which it has been, or feems to have been, feparated.
The continuation too fometimes takes the f{ame,
“fometimes a very different degree of inclination, or
dip.

It generally happens that the firft firatum of coals,
that we come to, is not worth working, either from
the inferior quality of the coal, it. containing ‘too
hittle bitumen, or from the firatum being of too
hittle depth.

From the degree and direétion of the dip, and the
level of the country, much information is to be ob-
tained, concerning the proper place for opening the
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pit. A variety of circumflances require to be taken
into confideration, to work a coal mine to the great.
elt advantage; or to determine, whether a mine
ought to be worked at all. 'Even in countries, or
in thofe parts of the country, where none has been
found, very probable conjeftures may he formed
concerning its prefence, by attending to the {oil, to
the general appearance of the country, and to the
kind of clay, fand, or other earth, that is found,
when the foil is removed. There are certain ap-
pearances that indicate its prefence, its value, its
extent ; and others, that point out the proper mode
of working the mines, when difcovered. Thefe
indications are fubjett to variations ; and thefe va- -
riations are often appreciable by certain other rules.
The bufinefs of mining is therefore an intricate art ;
and none ought to enter upon it, without a praéti-
cal knowledge of it, or the afliftance of praétical
niners.

When a ftratum of coals 1s come to, that is con-
{idered worth the working, 1t is dug out from the
fuperior and inferior frata, which are generally
grit, or {chiftus, and which are then termed the
roof, and floor. In doing this, care is always taken
to leave columns of the coal flanding here and there,
{ufficient to fupport the roof. When the roof is
fhivery, it is frequently neceffary to {fupport it with
a roof of timber. Thefe means being taken to fup-

port the fuperior flratum, the miners proceed to




CARBON, OR CHARCOAL: COALS. 137

very confiderable diftances from the original pits;
and occafionally new fhafts or pits are. funk, to f
cilitate the removal of the coals, and to afford a
proper ventilation in the mines.

The waricties of coal have been very differently
arranged by different authors ; fome dividing them
according to their external appearances; {ome as to
the {ituations in which they are found ; others ac-
- cording to the manner of their burning ; and ftill
others as to tiiﬂ_p{:culiarit}* of their frature.

The tatt is, that almoft every mine affords a coal,
differing in fome refpeéts from that of others ; and,
although the inland coal is generally very different
from the Newcaille, which we call fea-coal, yet
both vary fo much, as procured from different
mines, or even different parts of the fame mine,
that one parcel of inland or of fea-coal fhall differ
very confiderably from another, both in its burning,
and-1ts general appearances.

The different manner m which coals burn de-
ferves notice; and, if any arrangement of the vari-
etics of coal 1s to be made, this affords the beft
grounds for it,

The differéence does not depend whal]}: upon the
proportion of bitumen, but partly upon the kind,
whether 1t 1s moré or lefs volatile, and whether it is
more or lefs eafily feparated trom the carthy bafe.
As the coal varies in thefle refpetts, it comes under,
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or approaches to, more or lefs, one of the follow-
ing divifions.

The firft includes fuch coal as affords a very con-
fiderable flame, and burns with fo much rapidity,
as only to require being lighted, like a candle, to
continue its combuftion. This contains mofil bitu-
men. The candle or cannel-coal is of this kind.

The fecond, which includes mofl of the inland
coals, called by fome fplit coal, contains fuch as
burn with more or lefs flame, but require to be
kept in a flate of ignition by furrounding fuel, and
leave a larger quantity of afhes, having more of
the {chiftus in their compofition.

The third divifion includes thofe coals that unite
or cake together when heated, in confequence of
the extrication of their bitumen. Of this kind are
the fea or Newcaltle-coals. This preperty of cak.
ing does not feem to depend upon the proportion
of the bitumen, but upon its being extricated by a
lels degree of heat, than is fufficient to inflame it ;
for coals of this kind often. afford as much afhes as
the inland coals. .

The laft divifion contains what is called blind
coal, which affords neither flame nor {moke, but
when kindled makes a brifk and clear fire like coke.
The Kilkenny coal is of this fort. In its external
appearance it fometimes refembles the cannel-coal,
and fometimes the fplit or inland coal. The pecu.-
liarity of this kind feems to depend upon its pof.



i

CARBON, OR CHARCOAL: COALS. 159

fefling a lefs inflammable bitumen, or to {peak more
correétly, a lefs volatile bitumen ; for, as flame is
nothing but the inflammable ‘body ignited in a ftate
of vapour, the quantity of flame muft depend
chiefly on the volatility of the fubftance.

When coal is piled up, ignited, and the fire then
fmothered, as in making charcoal, the refult 1s a
hight porous fubftance, called coxe, which burns
much like charcoal without flame or finoke. - It 18
nled in drying malt, and other operations, where
the flame and {moke would be injurious. - In fome
places turnaces or ovens are built for making coke,
and the fires are put out by dampers, when it is {uf-
ficiently burnt. In this operation the more vola-
tile, oily, or bituminous matter is exhaled, and, if
colletted, as in fome manufatories i1s the cafe, it
forms a very excellent tar. It is the caking coal
-that makes the beflt coke, for it is neceffary that the
pieces fhould be at firft fmall, that the heat may ex-
tricate the bitumen without confuming it ; and that
it fhould afterwards run together into larger mafTes,
that it may be left porous and fpongy.

- At Newcaltle, the coal duft, that is too {mall for
common ufe, is burnt into coke, and forms excel-
lent fuel.  Might not the coal dufl in inland mines,
which will not anfwer for making coke, be worked
up into combuflible bricks with a {mall proportion
of clay, and, if requifite, a fmall quantity of {ome
inflammable . fubltance, as the coal-tar,. fo as s
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make a neat and perhaps economical fuel for our
open fire-places?

With refpeét to the erigin of coals, the moft
probable fuppofition 1s this. That the trees .and
other vegetables, that are carried down the {lreams
into the ocean, are colletted in {lrata at the bottom,
together with the immenfe quantity of fea weeds,
that grow there, and perhaps the fea animals too.
That they are afterwards covered with clay or {and ;
and, undergoing a gradual decompofition, form fo
many flrata of coal, placed alternately with firata of
clay or fand.

That the coal itlelf is of vegetable origin, 1s fairly
inferred from a variety of vegetable remains and im-
preflions, that are found-both in the flrata of coal,
and in the earthy ftrata ahove and below them. That
it is of fubmarine origin, allo appears from the pre-
fence of thells, and other produétions of the ocean,
~ The popular epinion, that coals grow like vege-
tables, fo that the mines, that are worked out, may be
opéned, and worked again- after a feries of years, is
too erroneous to need any formal refutation.
+. We need not, however, be alarmed for the wants
of future generations, as to this ufetul article. The
immenfe beds of coal yet untouched, will fupply
many, thoufands of generations to come; and, there
is no doubt but the fame procels, that produced
what we at prefent ufe, is ftill continned, and that
{ome future convulfions will bring to light new coal

L]
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mountains, perhaps from the bottom of the fea; for
that, it is moit probable, 1s the place where nature
has fixed her laboratory for preparing this fucl for

far diftant ages.
Oi1Lrs are a well known vegetable produétion.

They are either fixed, or velatile; the former con-
taining mucilage, and the latter an aroma, which is
different in every different oil. They are obtained
either by expreflion, as the olive oil, and linfeed
oil, among the fixed; and the o1l of lemons among’
the volatile kind; or they are obtained by diftil-
lation, as the oil of peppermint, of thyme, and
indeed meft of the volatile oils.

When the fixed oils are expofed to the air, they
abforb oxygen, and become rancid. The oxvgen
in this cale unites with the ‘mucilage of the oil; and
therefore fuch as are deprived of their mucilage are
not liable to become rancid.

The {eed of the flax, from which linfeed oil is
obtained, contains fo ‘much mucilage, that it is
neceflary to torrefy or roaft it, previoufly to ex-
prefling the oil. This deftroys the mucilage, and
hence linfeed o1l hardly ever turns rancid.

It oil of almonds is well agitated with water, its
mucilage 1s partly feparated, and the oil is lefs {ub-
jeét to become rancid.

Although oils, that are deprived of their mu-
cilage, do not attralt oxygen from the air, and con-
fequently do not turnrancid, yet they may be made
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to unite with it in other ways, and then they be.-
come drying oils.

Drying oil is generally made by the painters, by
boiling a calx of lead, as the litharge, in linfeed oil.
The oil attraéts the oxygen from the metal; and thus
becomes a drying oil. If an oil 1s ufed that con-
tains mucilage, the latter is feparated in boiling,
and [wimms at the top; but, fuch as contains no
mucilage, makes the beit drying oil.

When the volatile oils are expofed to the air,
inftead of becoming rancid, they become thick,
and relinous, and lofe their aroma. This alfo
arifes from the abforption of oxygen; and the fame
effeét is produced by forming the combination in
other ways, as by adding an acid to the oil,

The ufes of all the oils are too well known to
yequire enumeration. _

Tallow and fat, which are animal oils;, differ
from the vegetable oils principally in containing a
peculiar acid, called the {ebacic acid.
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ESSAY XIV.

PHOSPHORUS.

ProspioRrUS is one of the chymical elements.
It is a folid fubftance, but fo foft as to be ealily
fcraped or cut with a knife. It 1s generally of a
fleth colour; and when pure it 1s traniparent.
In the air it emits a white fmoke,. a peculiar fmell,
and a beautiful though faint light, which becomes
vifible in the dark. It inflames by the application
of a gentle heat, and then burns with a very brilliant
flame.

This curious fubftance is of animal origin. It

exifls in a compound ftate in all kinds ot bones,
and likewife in confiderable quantity in urine.
The means of obtaining it from either are not
very fimple, and the procefs cannot be well under.
{tood until we have treated more at length of .its
propertics.

If any device is traced with a ftick of phofphorus
on paper, as with a crayon, every line becomes
beautifully luminous in the dark, and continues {o
for fome minutes. If held before the fire for a
moment the brilliancy 1s increafed; but this muft
be done with caution, as very little heat is required
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to inflame the phofphorus, and then the paper will
take fire. . 3

By handling the phofphorus, part of it adheres
to the fingers, and covers tl;em with the fame
Light. This 1s not at all dangerous, as no fenfible

4

heat 1s emitted; but if you rub your hand much,.

with a view of getting rid of it, the heat excited
by the fri€tion will inflame the phofphorus; and
if there i1s much of it, it will then burn the hand.
I have obferved great inconvenience from pexfons
getting {fmall picces of the phofphorus under their
nails, by handling it injudicioufly; for, when they
have approached the fire to warm their hands, fuch
picces have inflamed and given great pain.

To prove how eafily phofphorus i1s made to
burn, rub it on a piece of tow, wrap this tow
round a Florence-flafk, or other glafs veffel, and
pour hot water nto it. The heat of the water will

inftantly inflame the phofphorus and the tow on the

outfide. :
Phofphorus is foluble in oils, particularly the
volatile oils, which it renders luminous like itfelf.

This folution may, without danger, be rubbed

about the face and hands, .fo as to render them
luminous. The folution of phofphorus in efher
when thrown upon boiling water, exhibits a plealing
appearance; the heat inflaming the phofphorus, and
rendering it - beautifully ‘bright. This {olution 1§
allo luminous of wfelf,
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Phofphorus is likewife foluble in hydrogenous
gas, or inflammable air, which it renders luminous.
This very amufing compound may be obtained by
boiling a little phofphorus in a folution of pure

potath. The water is decompofed in this experi

ment, and affords the inflammable air. The retort
fhould be very nearly filled with the {olution, other-
wife the gas will inflame, and diminifhing the
volume of air -in the retort, occafion the water to
rufh in from the trough.

When this phofphorated hydrogenous gas is in-

- contatt with common air it emits light, and, like
phofphorus itfelf, undergoes a {low combuftion;
but when it is mixed with pure air, (oxygenous gas)
it immediately detonates.

To make the phofphoric match bottles, nothing

more is neceflary than to" drop fmall pieces of’

dry phofphorus into a common phial, gently to

heat it till it melts, and then turn the bottle round

that it may adhere to the fides. The phial fhould
be clofely corked, and when ufed, the match (a
common brimftone match) is to be introduced, and
rubbed againft the fides of the phial. It thus ac.
quires a portion of phofphorus, which inflames on
being brought into the air.

When phofphorus 15 confumed either by the
flow combuftion, that fpontaneoufly takes place
when it is expoled to the air, or by the more rapid

one produced by inflaming it, the pure part of the
. U
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air (oxygen) combines with the phofphoros, and
forms pholphoric acid.

This acid, hike others, unites with the fimple
earths and alkalies, forming neutral falts. It is
the compound refulting from its union with lime
that forms the hard offeous matter, that 1s the baflis
of all bones. The urine contains this acid, united
both to lime and to the alkalies.

After being made acquainted with thefe faéts, we
fhall more eafily comprehend the nature of the
procefles, by which phofphorus is obtained.

. To obtain it from bones, felett the hardeft;
burn and then pulverife them. To this powder
add half its weight of vitriolic acid, fhir it well,
and then leave it for two or three days; after-
wards add water gradually, and ftir the mxture;
when the powder has'fubfided, decant the fuper-
natant liquor, and evaporate it to drynefs. Upon
this dry extraét pour boiling water as long as it
continues to tinge the water, and then evaporate
this folution to the confiftence of a thick firup.
To this extratt add juft {ufhcient water to diffolve
the phofphoric acid, and filter through linen.
Laftly, mix this extraét with powdered charcoal,
and diftil from an earthen retort, the neck of which
1s immerfed in water. The phofphorus will drop
into the water, and may be worked into form with
the fingers. Some prefer converting the phol-
phoric acid into a glafs, which 1s done by expofing
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the extraft in a crucible to a ftrong heat. To ob-
tain phofphorus from this gldfs, nothing more 1s
neceflary than to powder it; mix it with an equal
quantity of powdered charcoal, and diftil.

The fulphuric acid in this procels combines with
the lime, and detaches the pholphoric acid, which,
when mixed with the charcoal, is likewife decom.
pofed ; its oxygen uniting with the carbon, forms
carbonic acid gas, or fixed air, whilft the phofpho.
rus comes over in its pure ftate,

To obtain phofphorus from urine, it is generally
recommended to evaporate the urine, and then

diftil with charcoal; but a lefs troublefome, and

lefs difagreeable way 1s, to add a folution of lead
in muriatic acid to frefh urine, until it caufes no
more fediment tofall ; then filter the whole through
two or three folds of linen, and mix up the fedi-
ment, that is left on the filter, with powdered
charcoal into a pafte. This pafte diftilled in an
earthen retort, with a pretty firong heat, affords
the phofphorus.

The muriatic acid here difengages the phofphoric
from both the lime and the {oda, with which it was
combined, and the fediment is a phofphat of lead
which 1s afterwards decompofed by the charcoal.

It is here that I fhall notice what may be termed
NATURAL PHOSPHORI; by which I mean fuch
bodies as naturally emit light, fimilar to that, and
regulated nearly by the fame laws as that of phofe
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phoerus. They will include living animals, that
pollefs this property, dead animal matter, and de-
cayed vegetables. _

Of living animals, that appear luminous in the
dark, there are in this country two land infeéls ;
and on our coaft feveral-marine inle€ts and fifhes.

The two land infeéls are both vulgarly called
glow-worms, but are .very different both in their
manners and appearance. The one is a fcolopen-
dra (feslopendra elecirica), fomething like the cen-
tipes, being a thin and flattifh worm with a great
number of feet. It is often found in houfes about
old furniture.

The other 15 a foft, broad, and flat infe€t, fome-
thing like the millepes (the woodloufe or old-fow);
extended and flattened. It is:apterous, or without
wings, but is the female of a winged infeét of the
beetle tribe (lampyris noétiluca). 'The infett 1s.very
common on the heaths 1n Norfolk, and in fimilar
fituations elfewhere. The hght emitted by this.
infeét proceeds from the three laft rings of the.
abdomen, 1s of a beautiful fulphur colour, and
appears, when accurately examined, to proceed
from diftin& but numerous fmall globules within.
the abdomen, which are probably the ova or eggs.
It 1s a fubjett wc}rth}r of further attention from the
naturalift. :

The marine infefts will be noticed in treating of
the luminous appearances of the {ea, which will
fall prefently to be confidered.
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~.In other countries, particularly in warm climates,
there are feveral luminous infeéts, and much larger
ones than we have here. Such are the lantern-fly
of China, and the candle-fly or fire-fly of the Weit
Indies, which emit a very firong light from the
probofcis or fnout.

Of dead animal matter almoit every kind has at
times been obferved to be luminous, as whole joints
of mutton, and venifon, pieces of veal-bones, lob-
fters claws, &c.; but what peculiar circumftances
determine thefe {ubftances to emit light at one time,
and not at another, have hitherto eluded our inqu-
ries; for, although they never fhine, but when in
a ftate of putrefatiion, they more frequently pafs

through the whole putrefattive procefs without af

fuming this appearance.

There are other {fubftances that conftantly fhine,
when in a certain flage of putrefattion. Thefe are
vartous kinds of fith, as mackerel, herrings, whitings,
and {ome others, which will be noticed in confider-
g the caule of the brightnels of the fea. |

In the vegetable world, rotten wood, when in
that light fpongy ftate called touchwood, is the
moft remarkable. This requires moiflure to emit

its phofphoric light. It is yet uncertain, whether

the accels of air is neceflary to fupport the light.

Boyle fays, that it cealed to fhine in an exhaufted

receiver; but Achard, a French chymift, afferts that

it continued to emit light in that {ituation., When
- 0
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it becomes quite dry, its light is extinguifhed, but
reappears, when the wood is moiftened. _

The colour of the light in all thefe inflances is
pale’blue, exaétly refembling that of phofpherus.
It is in all cafes, except that of the rotten wood,
mcreafed and rendered more intenfe by immerfing
the luminous body in oxygen gas, and is extin-
guilhed by immerfion in azotic, or in nitrous gas.
It is in all cafes too, except that of the wood, at-
_tended with the extrication of an oily matter, which
adheres to the fingers, and makes them appear lu-
minous. Which circumftances tend ftrongly to
fupport the opimion, that the light is emitted in
confequence of the formation of a phofphorated
oil, or folution of phofphorus in animal oil.

The opinion of fome modern chymifls is, that
the ]ighf. 1s a conftituent part of the fifh, but the
necellity of the prefence of oxygen gas makes it
much more probable that the fixation of oxygen,
with the confequent feparation of its light and heat, is
the true caufe of its appearance. We acknowledge
this to be the fource of light'in common combuf-
tion, and in the flow combuflion of phofphorus ;
why then look for any other in the inftance betore
us, where the prelence of oxygen gas i1s equally
necelfary 7 Some have doubted, whether {}}:}"gl.’;ﬁ
gas is neceffary to the emiflion of light from phof-
phorus; but this I fatisfaétorily proved to be the
cafe by the following experiment, A piece of
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phofphorus being inflamed in a jar of common arr,
inverted over water, burnt readily, till nearly all
the oxygen gas was confumed. The fame piece,
being again inflamed in the fame fituation, burnt
for a few moments longer, and fo a third time.
Even after this the phofphorus fhone for a few
hours, but at length its light was wholly extin-

guifhed. After fome hours, the phofphorus {hil

refnaining dark, frefh air was admitted into the jar,
and the light immediately reappeared.

In rotten wood, that is luminous, as moifture
{feems neceflary, and oxygen gas not fo, a different
procefs, not yet aﬁ.utamed, 18 probably the caufe
of the ph@nomenon.

As the luminous appearance of the fea has fre.
quently attraéted the notice of navigators; and as,
in confequence of its affuming a variety of appear-
ances, it has been very differently explained; I fhall
enter more into detall upon this point, and beg
leave to do 1t in the words of a diflertation Wthh
I wrote {everal years ago.

DISSERTATION on the LUMINOUS APPEAR-
ANCE of the SEA, read before the Natural Hiffary
Society of Edinburgh, in December, 1796,

The luminous appearance of the fea is fo com-
mou, as well as curious a phaenomenon, that almoft
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every oene, who has been on the fea in a fummer’s
evening, particularly in warm climates, muft have
obferved it.

Its varniety of appearances has however given
rife to fuch different defcriptions, and contrariety
of opinions refpefting its caufe, that on a flight
view it appears almoft impoflible to reconcile thefe
various accounts, and afcertain its real nature.
To attempt this, however, is the objeét of the
prefent paper. |

That celebrated philofopher Boyle did not let
this curious phznomenon efcape his extenfive re-
{earches into the operations of nature.” But, learn-
ing from fome, that the fea was only luminous
when' difturbed and agitated; trom others, that
they had feen the whole furface of the fea covered
with a bright light, like burning fulphur, as far as
their view extended ; whilft others again delcribed
the hight, as being confined to certain pasts of the
furface, other parts, not far diftant, being not at.
all luminous; he was fo confounded with thefe
various accounts, that he concludes by referring
the phanomenon to fome colmical law, or cuftom
of the terreftrial globe.

Father Bourzes in his voyage to the Indies, in
1704, fays, that he could fometimes diftinguith in
the wake of the fhip the particles, that were lumi-
nous, from thofe, that were not fo. Some, he
{ays, were like points of light, others like flars;
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fome like globes of a line or two in diameter, and
others as large as a man’s hand.

Sometimes all thefle different figures were vifible
together; and at other times there were what he
calls vortices ‘of light, appearing and then difap-
pearing, like flathes of lightning. Not only the
wake of the thip produced this light, but fifles alfo
in {wimming lett a luminous track behind them, fo
that their fize and fhape might eafily be diftinguifh.
ed. He remarks too, that this appearance is greateft
when the water is fatteft and fullefl of foum.

In thefe obfervations are I think defcribed ait
the appearances that have been obferved, and no-
ticed by others. ~And, I think, that they may be
reduced to two kinds, which differ eflentially not
ounfy in the appearance of the light, but alfo, as t
thall afterwards endeavour to thow, in their caules.

Fhe firft kind includes thole cales, where the
furface of the water appears luminous without
agitation ;- and where, when agitation is necellary,
to produce a luminous appearance in the body of
the water, the part illuminated affumes no deter-
minate figure, but gives out its phafphorelcency
wherever the agitating caufe prefides. OFf thig
kind are the expanded lights mentioned by Boyle,
and the luminous track left by the fith in fwimming,
as defcribed by father Bourzes.

The fecond divifion includes all cafes, where thie
bght is of a determinate figure, and where it” ap-
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pears and difappears repeatedly without any apparent
caufe. In moft of thefle cafes agitation will produce
the light, though it is not always neceffary.

- Of this kind are the beautiful fcintillations ob-
ferved by every mariner, and met with more fre-
quently than any other fpecies, in our own latitude
in the {fummer f{eafon; and likewife the {lars and
globes of light mentioned in the narration of mo-
dern navigators. '

+ Let us now proceed to inveftigate the caufe of
this phenomenon. The Abbé Nollet and feveral
others, having examined the {ea water near Venice,
which in the dark was {een to contain luminous
fpots when agitated, thought they found fmall n.
fets, to which they attributed the light.

M. le Roi, examining fome water which pofleffed
the fame property, was perfuaded that it was not
entirely owing to infefts; for the luminous fpots,
which he took up, were round fubftances of the
fize of pins’ -heads, which had no appearance of
being animals. :

M. Dagelet too-obferved fimilar bright bodies,
which he fufpefted to be the {pawn of fome kind
of fifh. |

M. Canton, from fome experiments which he
performed, and which we {hall have occafion to
mention prefently, attributes the light of the fea
to putrid fifh, ‘

Count Gregorius Razamouiky afcribes the light,
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which is obferved in the fhip's wake, to pholpho-
rical gas, difengaged by the friftion ot the waves
againit the fides of the veflel.

Mr. White fuppofes that it is fometimes owing
to Jarge fith having the property of fhining whilft
alive; but, as this property is generally confined
to the fmaller animals, it was probably owing in
the inftarices, to which he alludes, to the fmall pa-
rafitical infefts, that burrow under the fcales of
fith, and which poflefs this pholphorelcent quality.
I have often feen thefe little animals burrowing
under the laminz of oyller fhells,

From the above oblervations, . it appears that the
light in the fea is fometimes derived from living,
and fometimes from dead and putrid animals.  For
realons, which I fhall give prelently, I {ufpe€t that
our firlt kind’ of luminous appearances is always
owing to putrid fifh, and the fecond to living ani-
mals, under which I include the fpawn of. fifh.
Let us now conlider thefe caufes feparately..

That putrid. ifh will not only. fhine itfelf, but
communicate this property to fea water, or a fo-
lution of common falt in water, was, 1 believe, firft
obferved by Dr. Beal, in 1665 ; but Canton firft
made experiments with a view of: alcertaining, its
caule.

The appearances in thefe cxperiments are [o fimi-
lar to thofe oblerved m the {ea, which we have

Ha
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included 1n our firft divifion, that I am induced to
attribute them to tlie fame caufe. '

M. Canton immerf{ed a herring, which appeared
very bright in a darkened chamber, into falt water,
and the {urface of the water became inflantly lumi-
nous ; the light too was increafed by agitation.

When he repeated the experiments with whitings,
inftead of herrings, he remarks, that the water did
not appear luminous, unlefs when agitated, but that
when a ftick was drawn through the water, it left a
luminous track behind it. I have obferved the fame
when mackerel are ufed. This difference between
the herring and the whiting is a curious fat, but
what I cannot fatisfaétorily explain *.

That the hight given out by dead fifh is owing to
the changes it undergoes during putrefattion, may,
I think, be fairly deduced from the following ex-
periments. Mr. Canton immerfed a whiting (frefh
caught) in {ea water, and it gave mo light, till
the next day. -

I have obferved that llerl"ings emit very little,
t any, light, till about twenty-four hours after
death t: and a mackerel, which I did not procure
till a day after it was caught, fhone very little;

* May it not depend upon the oily matter of the herring being fpe-
cifically lighter than the water, and therefore fwimming on the
{urface, whilft that of .the whiting, being nearly the fame with it,
1s {ufpended in the body of the water?

+ Herrings, and, 1 believe, mackerel, fhine confidérably when
fwimming ia the water, but ceafe ta do fo when fArft kill=d.




PHOSPHORUS. 156%

but the light of this, as well as of the herrings,
continued to increafe till fixty or feventy hours
after death. The tail, fins, and head always fhine
firft, and have generally ceafed to fhine, before the
more flethy parts attain their greateft luftre. Gene-
rally, by the end of the fourth day, the whole has
ceafed to emit light. Mr. Canton kept a whiting n
2 {trong brine for three days, and it did not fhine;
when he took it out 1t was quite frefh.

I immerfed a piece of mackerel, that fhone at the
tine very bright, 1n nitrous gas, and in about five
minutes it had loft its brightnels, which it regained
in about five minutes after 1t was taken out.

In the next experiment, being allowed to remain
for five minutes in the gas, after its light had dif-
appeared, it did not regain its brightnefs in a quarter
of an hour, at which time I left the laboratory ; but,
on my return fome hours after, 1t was fhining nearly
as bright as at firft,

This effett of nitrous gas I attribute to its well-
known antifeptic quality ; and this, with the pre-
ceding experiments, fufhciently proves, that the
filh emits this light during a certain ftage of its
putretaétion only.

On what the extrication of light immediately
depends, 1t is more difficult to afcertain, From the
fimilarity in its appearance, I think it probable, that
the formation of fome combination of phofphorus is
the immediate caufe; and from the falt water, ren-
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dered luminous by fifh having its furface covered
with oil, and from a greafy fubflance adhering to-
the fingers, which continues to emit light after
touching luminous fith, or water rendered luminous
by them, I rather fufpeét it to. be a. phofphorated
oil, than'a gas.

We fhall now proceed to: confider the caufe of
our fecond divifion of luminous appearances, which
I have before ftated to arife from living bodies.

From the obfervations of M. le Roi and M.
Dagelet, 1t feems to proceed in fome inftances from
the fpawn of fith :: but the bright {parkling, fo often
obferved on agitation;. 1s more commonly owing to

{mall infeéts, frequently to a {pecies of monoculus;.
as that defcribed by the Abbé¢ Nollet, found in the
water near Venice, and that by M. le Riville in the
water near the Maldivia iflands, in the Eaft Indies.

- The fame, or a very fimilar infett, has been lately
found by a friend * of mire in the falt water of a
river in Cambridgefhire, about ten or twelve miles-
from the fea. This gentleman. procuring fome of.
the water,. which contained thefe luminous fpots
when agitated, took 1t into a darkened- room, and
dipping his hand into the water, {everal of the bright
fpecks adhered to it. Thefe he carefully took off
with the point of a knife, and dropped into.a glafs
of clear freth water, where they continuedto {hine

* Mr. William Skrimfhire, a very accurate and attentive obferver
of nature.
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for a moment. This water, when viewed in the
light, was feen to contain fmall fpherical tran{parent
bags, which, when examined through a microfcope,
were found to be infeéts, very hike the common
monoculus.

M. le Riville fays, that the parts of the¢ infeét,
that give the light, are bunches of fmall bodies in
its pofterior part, which he fuppofes to be the eggs-
Thefeittle ammals never admit light but when the
water is agitated, as by the motion of a veflel, or
the oars of a boat, which come out of the water
every time beautifully befpangled with brilliant
{pots ; or by throwing a {tone or other body into the
water, in which cafe many ot the infetts become
vifible.

This circumftance has induced Dr. Darwin to
believe, that this kind of light is not produced by
infefts ; but it appears to me a very inconclufive
argument ; for it is poflible that the infeéts may
only appear lurhinous when. hurt or aétuated by
fear, which will account for their fhining only
when the water 1s difturbed ; or, what 1s ftill more
probable, the agitation may produce the light, by
expoling the infeéts to the contaét of the air, which
~may be necellary to their thining, as it is to the light
of pholphorus and other phofphorefcent {ubftances.

There are feveral other marine animals pofleffing
this power, which may therefore occafionally prove
the caufe of this pha@nomenon, viz. the Medufa
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Simplex, the phofphorical property of which was even

known to Pliny; the Dagyfa, firt difcovered by
Sir J. Banks and Dr.- Solander, off the coaft of
Galicia, which, apparently, from the account given
in Hawkesworth’s Voyages, emits its light without
the intervention of agitation ; Carcinium Opalinum,
difcovered by the fame gentlemen; the Neress
Nocticula; the Pholas, well known by the experi-
ments made with them by the Bolognian academi-
cians ; the Pennatula Phofphorea ; the Cancer Fulgens ;
and, I believe, fome other fpecies of Medufa.

For what purpofe thefe marine animals are en-
dowed with this property, has not been afcertained.
The female Lampyris Noctiluca (common glow-
worm) poflefles its fhining property for the fake of
attratting the male, which being a winged infett
has very different habits from the female, and would
otherwife have difficulty in difcovering her haunts.

Another natural phenomenon which the proper-
ties of phofphorus enable us to explain is, the
will-o’the-wilp, or ignis fatuns.

This luminous appearance is a blue light, often
of a columnar, often of other fhapes, very mova-
ble, generally having a tremulous motion, dif-
appearing and reappearing fuddenly; and it 1s
moltly reprefented as changing its {ituation inflan- -
taneoufly, and appearing in different and diftant
fpots. It is ufually met with in heathy or boggy
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fituations ; and there is a prevailing opinion amongft
the vulgar, that it has the power of attrafting and
mifleading travellers into bogs and miry places.
The faft is, that many perfons miftaking fuch an
appearance for a light in fome houfe, have made
their way towards it, and not difcovered their miftake
till they were finking in a {wamp.

To a more attentive obferver, thefe ignes fatui
bear all the appearance of ignited vapour; and it is
now very well known to be phofphorated hydroge-
nous gas, or phofphorus diffolved in inflammable
air, which I have before mentioned as pollefling the
property of being luminous in the dark.

This gas is extricated from a mixture of animal
and vegetable matter, in a flate of putrefaétion, a
circumftance that muft frequently occur in marfhy
places.

A fimilar light has been frequently obferved in
church-yards, and been fuppofled by the ignorant
to be fomething fupernatural. From {uch a circum-
{tance, which fcience teaches us to account for by
natural laws, many a perfon has been fully perfua-
ded that he has feen fomething fupernatural; and
fuch has often been the origin of the moft wonderful
gholt and apparition ftories.

The human mind feems prone to attribute to
fupernatural agents whatever is not within its reach
to comprehend. It is .thercfore amongll men of
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weak and unenlightened minds, that we find mo#
inftances of a belief in the appearance of apparitions.

But ought we not to be more humble, and ac-
knowledge our ignorance? When we meet with a
vifible appearance that we cannot explain, or hear
a notfe that we cannot account for, would it not be
more becoming in us to attribute it to fome natural
caufle, that from our confined knowledge we are
unacquainted with, than to conclude that it is inex-
plicable by natural laws, and muft be fomething
fupernatural, becaufe we are ignorant of its caufe?

How many people are ignorant that there 1s a
peculiar gas, often extricated from putrid matter,
which burns of itfelf, and appears luminous in the
‘dark ! and to us, who know the faét, how abfurd,
how prepofterous it appears, that fuch people thould
therefore attribute fuch an appearance to the agency
of fupernatural powers! It is prepolterous, but
furely not more fo, than for usto attribute to_the
fame powers other occurrences which we cannot
explain ; and yet many, whofe minds are well in-
formed, are too apt to make fuch an inference.

I cannot avoid bringing forward another argu.
ment againft the probability ot every tale or ftory
that tends to inculcate a belief in the agency of {uper-
natural -powers in thefe, and f{imilar occurrences.
It is an argument that I have obferved more fre-
quently than any other to difcourage fuch belief,
and this induces me to notice it.
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Is it at all probable, that the eftablifhed laws of
nature, laws which the Creator himfelf has eftablifh-
ed and ordained, fhould in any inftance be fufpend-
ed, or others appointed, unlefs for the effeting of
fome grand, fome impertant objeét? Is it likely,
I afk the fuperftitious narrator of the ftory, that
fuch means fhould be had recourle to, for the
purpole of frightening and terrifying any one? And
yet f{uch in general, if the tales were true, would
fecem to be the only effeft, and the only objeét of
this deviation from fixed and eftablifhed laws.

Or is it probable, that fuch extraordinary means
fhould be adopted, even to alarm the confcience,
and to punifh or reclaim an individual finner? No,
be aflured the confcience of the wicked man needs
no fuch fpur to increale its poignancy. It is ever
~on the alert, and its fting will, without {uch inter-
vention, at times be felt by the moft hardened and
abandoned profligate. And as to punifhment, 1t is
not 1n this, but inthe world to come, that the deeds
of the wicked will be judged, and their punithments
awarded., :
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SULPHUR, OR BRIMSTONE.

SULPHUR, or brimftone, is an inflammable fub.
ftance, found alone or combined with other hﬂd:es.
in a variety of fituations.

In volcanic countries it is found almoft pure,
having been volatilized and thrown out by the
volcanoes. In fuch [ituations the earth and ftones,
in which it abounds, are diftilled, and the refult
of this dift:llation 1s brought to market as crude
fulphur. By fufion and cafting in moulds, ‘it forms
roll brimftone ; and by {ubliming or volatilizing it
with a gentle heat in clofe chambers, we obtain the
flowers of brimflone.

Sulphur is alfo found in abundance in coal mines,
and in the ores of different metals.. In this ftate it
bears the name of pyrites; and the copper and iron
pyrites are the fource of moit of the fulphur ufed in
this country. In roafting the ores to obtain the
metals, much fulphur is {fubhmed and colletted.
In other cafes the pyrites are piled in the form of
pyramids, the fides of which are earthed up.” By

the addition of a fmallk quantity of fuel the pile is
lighted, and made to burn flowly, during which the
{fulphur is volatilized, and efcaping to the top, is

i
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there condenfed, and then melted in cavities deftined
to receive it.

When fulphur is burnt, it combines with oxya
gen, and forms fulphuric acid, or oil of vitriol.
In the manufaéturing of this acid, about one eighth-
of faltpetre is added to the fulphur, to affift the’
combuition, by aflording oxygen. The operation
is performed in chambers lined with lead, and the
acid vapours are condenfed againit the fides, or
abforbed by water, with which the floor of the
chamber is covered. When this water is {ufficiently
impregnated, it is concentrated in leaden boilers,
and retified in glafs retorts, to render it white and
pure.

Sulphuric acid is much ufed by the dyers, and
in a lefs oxygenated or acidified flate, when it is
called fulphureous acid, it is ufed to bleach or
whiten filk. : :

When a match is lighted, and a rofe held over the
vapours, 1its colour foun fades, and the rofe becomes
white. This 1s effefted by the fulphureous acid
vapours that are formed, and proves its bleaching
qualities.

Sulphur united to the alkaline falts forms the
different hepars, or livers of fulphur.  Acids decom -
pole thele, and at the fame time difengage a very
offenflive gas, which 1s miflammable air, holding
fulphur in folution,

The SULPHURATED HYDROGEN GAS ginE
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the peculiar {mell and tafte to Harrowgate water.
It is like that of rotten eggs, or the {courings of a
gun-barrel. Notwithftanding this peculiar, and, to
moft people, very difagreeable flavour, Harrowgate
water 1s foon drunk without difguft, the palate being
by habit foon reconciled to it. It tarnifhes filver,
and blackens white paint.  Charaters written on
paper with a folution of fugar of lead in water, are
made vifible, and rendered almoft black, by holding
the paper over frefh Harrowgate water; and fill
more readily by immeérfing it in the water. This has
been had recourfe to for fecret correfpondence, for
the charafters are quite mvifible before the applica-
tion of the water.

Many curious tales are circulated about ladies who
have ufed white pant, being disfigured by bathing
in thefe waters. The paint being a calx of lead
(white lead) is immediately blackened by the appli-
cation of the water.

Sulphur feems to be afforded by animal and vege-

table putrefation.
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ESSAY XVI.
THE ALKALIES.

TuE alkalies are divided into volatile and fixed.
Ammonia is the volatile, and foda and potafh are
the two fixed alkalies. The latter are ftill confi-
dered as elementary fubftances, altnough many cir-
cumftances render it probable, that they are com-
pounds of azote with one or other of the earths.
Ammonia or the volatile alkali, it is now well af-
certained, is a compound of azote (the bafe of im-
pure air) and hydrogen (the bafe of inflammable air).

Notwithftanding its being a compound, we fhall
treat of ammonia, in this place, as allied 1n many
of its properties to the fixed alkalies. Like them it
changes vegetable blue colours to a green; it has
an acrid tafte ; renders oils foluble in water; and
when pure diflolves, or reduces to a jelly, wool
and forme other animal {ubftances. Thefe may be
confidered the general qualities of alkalies; and
now let us confider each of thefe fubftances fepa-
rately.

AMMONTIA, or volatile alkali, in its pure ftate,
i8 in the form of gas; when abforbed by water, it
18 the agua ammonie pure, {ometimes ufed in fmel-
ling-bottles ; and when rendered mild by its union

5
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with carbonic acid or fixed air, and eryftallized, it
confhitutes the common {melling falts.

When equal parts of fal ammoniac (muriate of
ammonia) and quick lime, each in powder, are
heated in a glafs retort, a gas is extricated, which,
if collefted over mercury, retains its aeriform con-
dition, and is the pure ammonia, or ammoniacal
gas. If collefted in a veflel containing water, it is
immediately abforbed, and conflitutes the aque
ammonte pure, or liquid ammonia.

The gas has a pungent {mell, turns red vegetable
infufions to green, extinguifhes flame, and is fatal
to animals. 4

The chief ufes of volatile alkali are as a medi-
cine. Itis produced by the putreiaétion, or by the
diftillation, of almoft all anumal matter. It is thig
falt in a ftate of gas that gives the pungent {mell,
and affefts the eyes, on entering {tables, {laughter-
houfes, and fimilar places, that are not well
cleanfed.

Sal ammoniac, from which the volatile alkali 1s
chiefly procured, is a compound of ammonia and
muriatic or marine acid; hence its name in the new
nomenclature is muriate of ammonta. 'This com-
pound falt is obtained by diftilling the foot, that
arifes from burning the dung of certain animals..
It is moftly imported from Egypt, where the dung
of the camel is dried in the fun, then burnt, and
the foot carefully colle€led; from which the fal
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ammoniac is procured by fimple diftillation. It is
only the dung of fuch animals as feed on faline vew
getables, that will afford the fal ammc}mac. There
1S5 m}thmg peculiar in that of the camel as has becn
very generally believed. It depends folely on the
kind of food; and unlefs the animal has eaten the
faline vegetables, fuch as grow onthe fea fhore,
and near to it, its dung will afford no ammomac.

There is a manufatory of fal ammoniac at Edin-
burgh, but the procels is kept a [ecret.

This falt is ufed in fome procefles in the art of
dyeing. It is ufed as a flux in-foldering, and in
fome cafes as a medicine. :

The FIXED ALKALIES are-of two kinds : the
one called vegetable alkali, or potath; the other
mineral alkali, or foda. They are both known in
commerce under different names, according to the
fubftances from which they are procured.

PorasH, or the vegetable alkali, 1s generally
obtained from wood alhes ; but {ometimes from thl:
tartar, or from the lees of wine, -in which cafe it is
called falt of tartar. Noft ot our potalh is imported
from the North, where w-:ljnud 1s 41 {uflicient abun-
dance to allow of its being burnt for this purpufe;
The hard wodds afford the moll falt; but every
vegetable, when -burnt, affords {fome. The afthes
are wafhed in water, which diffolves the potalh ;3
the folution is then concentrated by boiling, and
evaporating in iren boilers ; and the falt thus pro-

I i
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cured is fometimes heated in the fire to purify it
from colouring matter.

The vegetable alkali is ufed in bleaching, in
making foap and glafs, and as a medicine. Wood
afhes are frequently ufed in wathing; in which it is
the potalh that proves ferviceable ; for by uniting
with greafe, and other filth, it renders them foluble
in water. Forthe fame reafon falt of tartar is fome.
timés ufed to take out greafe {pots.

Sopa, or the foffil alkali, is fometimes found in
a native flate, as in the lakes of Natron in Egypt,
which are dry in the fummer fealon; the water
leaving, after evaporation, a hed of foda, or, as it
1s there called, natron, of two feet in thicknefs,
which is dug out with 1ron crows, for fale. Such
as is not obtained from this {ource, 1s procured from
the athes of feaweeds, and certain plants that grow
on the feathore. Thefe vegetables are thrown to-
gether in heaps, and burnt ; the afhes are then col-
Jefted, and treated in the fame way as wood afhes
for obtaining the vegetable a_lkali. '

When it is obtained from the feaweeds, as fea
wrack, or tang, which are different fpecies of fucus,
the falt is called kelp. When obtained from a plant
called barilla, which grows in great pertettion on
the Spanifh coaft, the falt is alfo called barilla.
There are feveral other vegetables which afford the
mineral aikali; as falfola kali, fome of the genus
¢henopodium, and alfo fome of the arriplices.
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The ufes of this alkali are nearly the fame with
thole of the vegetable alkali, but it 1s more ufed in
glafs-making. !

The alkalies, as we ufvally meet with them, are
in a mild flate, in confequence of their combination
with carbonic acid, or fixed air, which 1s the caufe
of their effervefcing with acids. When boiled
with quick lime, they lofe the fixed air, and be-
come cauftic. -

The alkalies combine with all the acids, and form
neutral falts ; thus, when beer 1s four, a few grains
of falt of tartar, or other vegetable alkali, added to
a glafs of the beer, will neutralize the acid, .and
take off the tartnefs. i ;

The alkalies will all of them unite with oils, and
the refult of {uch a combination i1s a soap; the
kind and quality of which depend upon the kind
and quality, and allo upon the proportion, of the
ingredients. :

The fult part of the procefs confifts in making
the alkali pure or cauftic by mixture with quick
lime, which abftraéts from it the carbonie acid or
hxed air. This cauftic lie, mixed with oil or tal-
low in due proportien, and boiled to a proper con-
filtence, forms foap.

Boil one part ot good barilla with two of quick
lime 1n a fufficient quantity of. water, flrain the li-
quor through a cloth, and evaporate, till a phial, -
holding eight ounces of water, will hold eleyen of

12
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this folution ; then boil one part 6f the He with two
of the oil, and you will have a good hard Toap,

In manufa€iories, where the fuel is of material
confequence, the lie is made without boiling.
Equal meafures of barilla and flaked quick lime are
heaped up together, water is poured on the top, and
filtering through the heap is ‘canght in proper vel
fels; more water is then poured on, till no falt
comes with it, and the lie of different flrengths 1s
kept feparately. It is now mixed with the oil and
tallow in boilers, the weakeft lie firft, then that
that 1s {lronger, and fo on; and when boiled fuffi-
ciently the foap is made. i

The befl foft foap 1s-made with five parts of pot-
afh, three of whale oil, and one of tallow.

For foaps ofan inferior quality, more tallow,
kitchen greafe, or oil of an inferior quality, is ufed.

And lately the French chymifls have recommend-
ed a cheap foap to be made, by ufing woolen rags.
and old woollen clothes of all kinds, locks of wool,
hair, and even the hords of animals, inftead of oil.
Thefe fubftances are all foluble'in the cauflic lie,
and by proper boihng form a foap. The: chief in-
convenience of fuch-a foap. 1s, that it pofleffes a

very unpleafant {mell. It 1s however ufed by many.

of the cloth manufatturers in cleanfing their ftuffs;
and as 'they require repeated wafhing, the fm:.li 18

.thereby mmpl'-ztaly taken off.

6
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The moft delicate {oap is made with olive o1l ;
and a peculiar kind, called Starkey’s foap, is made
b}r triturating ten parts of cauftic alkali hot, with
cmht parts of oil of thirpentme, which 1nftantly
forms a very hard foap.

Another important ufe of the two fixed alkalies
is in the manufafture of crass. Mixed with the
{iliccous or flinty earth, they form a compound
that is very fufible, and according to the ingredients
more or lefs tranfparent; andof fuch a mixture 18
glals of every kind manufaltured.

The filiceous earth is ufed either in the form of
fand, of flint, of quartz, or fome other hard ftone
of this genus. Such being feletted as 1s fittelt for
the particular kind of glafs required.

The common green bottle glafs 1s made of the
common {and from the fea-fhore, for the filex, and
the foap boiler’s refule for the alkali. "Both the
ingredients therefore are impure, and confequently
the glals 1s of an ordinary quality. The alkali in
the foap boiler’s refule 1s calculated to aflift the
tufion of the mals very confiderably, the quautll:y
of filex renders 1t a very hard glafs, and it derives its
green colour trom a portion of won, contained in
the ingredients.

The mals 1s tufed in veflels made of Steurbridge
clay, in a furnace of confiderable power, and the
bottles are falhioned by blowing ; after which they

- )
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are ymmediately put into the annealing oven, and

allowed to cool gradually.

Window-glass is generally made of a fine white
fand, fuch as is found on the Norfolk coafl, and is
called Lynn-fand, and the foda obtained from burn-
ing the fea weeds, which is known by the name
of kelp.

The kelp 1s previoufly calcined to expel the
fixed air. When the mafs is melted, it 1s run
into large plates, and this operation is termed
flathing.

The fame kind of fand 1s ufed for what is called
flint glafs, but in this there is an addition of litharge,
or fome other preparation of lead, which, befides
promoting the fuflion, makes the glafs to be more
eafily cut, and alfo gives it a greater polifh.

The ftronger the heat required to fufe the mals,
in general the finer is the glafs ; and therefore when
only a coarfe glals is required, a greater guantity of
flux 1s added.

The addition of manganefe deftroys the colour,
that would otherwife arife from the foreign ad-
mixture of any inflammable matter; and that too,
in a great meafure, that arifes from iron. It 1s
therefore always ufed, when a colourlefs and tranf-
parent glafs is required. It is ufed for inftance in
fine window glafs.

When it is wifhed to give an artificial colour te
glafs, different fubftances arc employed for that
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purpofe. The blue colour, and various fhades of
violet are given by the admixture of a metal, called
Cobalt; and a fine green by fome preparation of
iron.

Quartz cryftal powdered, is ufed inflead of fand,
in manufalturing a fine glafs for optical inftru-
ments.  Other kinds of filiceous earth are ufed
in particular manufaftories, as being either more
eafily procured, or more particularly adapted to
the kind of glafs there required.

L4
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ESSAY XVIL

1THE EARTHS.

THE fimple earths are nine in number; but fe-
veral being newly difcovered, and by no means
generally known, and lhittle or not at all applied
to ufeful purpofes, we fhall merely mention the
names by which they are delignated, and pafs to
the confideration of fuch as are more intereiting.

They are known by the lfollowing names: 1ft,
lime; 2d, magnefia; 3d, alumine; 4th, filex; 5th,
barytes ; Gth, flrontian; 7th, jargonia; Sth, glu-
cine; and, 9th, aguftine. The four firll are thole
that will be more particularly confidered.

They are never found perfetly pure, but always
blended with each other, and often with other fub-
flances. Such earths and ftones however as confift
chiefly, or owe their chief properties to any one of
the {imple earths, are claffed together, and arranged
as fpecies under that particular earth, as a genus.
Thus we fhall commence with confidering fome of
the various forms under which lime is found, which
15 called the calcarcous genus. -

LimE is found in moft countries, and frequently
in great abundance. Like the alkalies it is cauflic,
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when quite pure, but it is never found naturally in
this {tate. It 1s generally combined with carbonic
acid or fixed air, which renders it mild, and 1t is
molftly mixed with fome of the other earths.

The variety of forms, under which lime 1s found,
may be divided into two claffes, the firft compre-
hending thofe irregular mafles, that conftitute the
calcareous ftrata, and fometimes form whole moun-
tains, and the fecond including the calcareous
cryftals, or fpars, that are regular in their figure,
and found in confiderably lefs quantities. Both
kinds effervefce with acids, and are converted into
quick-lime by burning.

OF the firft clafs, chalk is the {ofteft, and appa-
rently of the lateft formation. It is found in large
beds in many parts of this kingdom. “When white
and ealily pulverifable, it is -formed into what is
called whiting. Forthis purpofe the chalk is agitated
in water, to {eparate the foreign fubftances, as flints,

_ pyrites, &c.; the water is then poured off, and the
chalk fuffered to fubfide; which, when dued 1e
-the whiting of the {hops.

It has been Uhﬂ.ﬂfﬁd, that rooms newly white-
walhed are unwholefome; and this has ‘been ac-
counted for, by fuppofing that -the lime or chalk
has the powesr of abforbing the pure part of the
air.  All the earths have been faid to poffefs this
propeity, but the faél is not yet decidedly afcer~
Aaned.  The white-wathing of apartments js ne-

¥ 5
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ceffary to cleanlinefs, and has been very properly
recommended as’ part of the plan, for purifying
hofpitals, and other buildings, from contagion ;
but if the preceding fuppofition be founded in fact,

fuch rooms fhould not be ufed, till two or three
: days after the operation.

In a ftate harder than chalk, lime is known in
fome diflriéts under the name of clunch, which 1s
burnt for lime, but is inferior for that purpofe to
the more indurated {ubftance called lmeflone. This
is of various kinds, according to the ftate of indu-
ration, and the nature of the fubftances with which -
the lime is admixed. Some fpecies are fitteft for
burning into quick-lime, and others for building.
In general, the hardeft limeflones afford the beft
hime. '

_In countries, where neither chalk nor limeftone
1s found, fea-fhells, corals, and madrepores are col-
leéted from the fea fhore, and burnt for lime.

When limeftone is to be burnt, to expel the fixed
air, and convert it into quick-lime, it 1s broken 1nto
{mall pieces, and placed on the kiln, with alternate
layers of fome fuel, which is generally coal ; the fire
isthen lighted, and the mals kept in a ftate of ignition,
till the air is all expelled, which may be known by
its no longer effervefcing with acids.

In this flate the lime is white or grayifh, it is
cauflic, and has a great avidity for water, by ap-
plication of which it heats, buris, and is reduced
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to a fine powder. It is now called flaked lime,
and when fifted, is fit for making mortar, which 1s
dene by working it up with {fand, the fragments or
duft of ftone, cinder-afhes, or fome fuch hard fub- -
ftance, and a fufficient quantity of water. Horfe-
hair, or chopped hay or ftraw, are occafionally
added, to make it, as the workmen term it, more
binding.

Quick-lime, whether alone or mixed up into
mortar, has {o {trong an attrattion for carbonic acid,
or fixed air, that, when expofed to the air, it gra-
dually abforbs it from the atmofphere. Hence the
neceflity of ufing lime, for making mortar, as foon
as 1t 1s burnt. It feems to be by this. gradual con-
verfion of lime into limeftone, that mortar hardens
by age, and as it is a long time in acquiring its full
quantity ot fixed air, fo 1t 1s a long time before it
has acquired its greateft degree of hardnefs. 1t is
generally obferved, in pulling down very old build-
mgs, that the mortar is as hard as the ftone; 'and it
has been ferred from thence, that the ancients
poflefled the art of making a much firmer cement,
than what we ufe ; but it is very probable, that its
fuperior hardnefs depends upon its having acquired
more fixed air from the atmofphere.

Another {tate, in which lime is found, is in ad-
mixture with clay and fand, when it is denominated
marl, which, as well as limeftone, is very much ap-
plied to the manuring of land.

Ie6
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MARc is called calcareous, argillaceous, or fandy
marl, according to the proportion of lime, clay,
or {and. |

The firlt, or calcaresus marl, is generally of a
yvellowith white, or yellowith gray colour, and is
found a few feet under the foil on the fides of hills,
or under turf in bogs. It is fometimes diftinguithed
by the name of fhell marl, %vhen it abounds in the
remaifns and fragments of fhells, and by that of ftone

‘marl, when it is particularly hard and indurated.

Argillacesus marl is gray or brown, or reddifh
brown, or yellowifh, or blueith gray. It is more
unctuous or greafy to the feel, and harder than the
former,

Sandy marl is brownifh, gray, or lead coloured,
and contains fo much filiceous or flinty fand, that
the reliduum, or what is left after pouring acid

“upon it, will not be duétile enough to form a brick,

s 1s the cafe with the other marls.

With refpect to its utility in manuring land, a
marl 15 not reckoned of any value, unlefs it con-
tains thuty-five or forty per cent of lime. The
ealieft mode of afcertaining which, 1s to immerfe a
hiundred parts of the marl, the value of which you
wifh to alcertain, into a {ufficient quantity of diluted
muriatic acid, All that is diffolved by this means,
1s lime, and no more of it; by weighing the re-
mainder therefore, and fubtratting it from the
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whole, you afcertain the exa€t proportion, that a
hundred parts of the marl contam.

The laft form, in which the lime of thisclals is
found, is in a ftate of marsLE. ‘This is a lime-
flone capable of bearing a polifh; it 1s of different
degrees of hardnefls, and of diflerent colours. Its
{urface too is diverfified with veins, lines, fpots,
and other figures, differing in colour fmm the
gl(}und and ilequﬂﬂtl)" Cm‘ltammg tﬂ.L lﬂlﬂdl]]ﬂ Gf
fhells, and a wvariety - of madlepnns and corals.
The ufle of marble, as the moft ornamental flone
for 'hﬁi]ding, for fculpture, &c. is very generally
known. \

There is reafon for believing, that moit lime-ftone
rocks and ftrata, marbles, -marles, and other calca-
reous {ubftances, have been origmally formed: by
animals, and chiefly by marine animals, the exuvia
of which have been gradually colletted inte thefe vaft

- heaps, in which we now find them, and have by

trituration and partial decompolition aflumed their
prefent appearance.

A {trong argument in -favour of this opinion is
deduced from the frequent appearance of fhells,
bones, and other animal remains, in the different
[pecies of cal€areous ftones, particularly in chalk-
beds, and marble quarries.

The fhells of the teflaceous animals confift
wholly of carbonate of lime, or chalk, with more
or lels anunal matter, and that differently difpofed,
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being in the porcellaneous fhells, as the cyprea,
&c., in much {maller proportion, than in the mother-
of-pearl fhells, as oyfters, mufcles, &c.. In the
former, the animal matter {eems to be uniformly
difperfed through the calcareous matter, as a con-
nefting medium. In the latter, it is membrana-
ceous, and ftratified, being depofited by the animal
in alternate layers with the carbonate, fo that the
membrane in - thefe fhells retains its form after the
calcareous matter 1s diffolved by an acid. _

The crunftaceous animals, as crabs, lobfters,
fhrimps, and craw-fith, have their fhells, confifting
partly of carbonate of lime, and partly of phofphate
of lime, refembling inthisrefpeét the fhells of birds
eggs.

From this view we can eafily conceive, how the
exuvie of thefe animals may form beds of chalk, and
other calcareous ftones, there being lttle more
requifite, than- the decompofition of the animal
matter.

The fecond clals of calcareous produétions is, -
where the lime combined with fixed air, or with
fome other acid, afflumes a cryflallized form, in
which cale it is generally called srAR. |

With the carbonic acid it forms the dog-tooth
{par, the columnar or pyramidal calcareous !par,
according to the fhape it affumes; and, when tranf-
parent, it poflefles the property of double refraction
as the Iceland cryftal.
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When combined with a peculiar acid, termed the
fluoric acid, it forms Derbyfhire fpar, or blue John,
as the miners call it, a flone much ufed for orna-
ments. It is wvarious, and often beautiful, in its
appearance, and bears an excellent polith. In
ornaments of this kind, it is a prattice, frequently
had recourfe to by the workmen, to fill up the
accidental cracks and flaws with an ore of lead,
or of copper, which they execute very neatly,
even fo as to enhance the value of them, deceiv-
ing the purchafer with the aflurance that it is na-
tural.

Lime, combined with fulphuric acid, is -called
GYPsUM, plaiter of Paris, plafter ftone, or fe-
lenite. It 1s very abundant in {ome countries.
The hills near Paris are chiefly compofed of it,
and in fome parts of America it1s ufed as a manure,
chiefly as a top dreffing to grafs land. When
burnt or calcined, it is mifcible with water, forming
a liquid, which, from its fuddenly drying, and be-
coming folid, 1s inuch ufed for cafling ornaments,
as bufts, &c.

In Derbyfhire, and the neighbouring counties,
the plafter {tone 1s much ufed for flooring.  For
this purpofe 1t™is firft calcined, and then pow-
dered. The powder being mixed with water to the
proper confiftence, is fpread to the required thick-

nefs upon reed, when it immediately becomes
{olid,
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It is this felenite, or gypfum, that generally gives
to water the quality -called hardnefs. Such water
curdles foap, and 1s therefore unfit to {vafh with.
‘The fulphuric acid of the felenite attaches itfelf to
the alkalt of the foap, whillt the o1l and lime are
feparated in flakes, and give the appearance of
curdling.

It is 2 common praétice to add wood-afhes t6 hard
‘water when 1t 18 required”to ufe it ‘for wafhing; in
this cafe the alkali of the wood-alhes decompofes
the felenite.

Hard water almoft always contains carbonate of
lime or chalk, as well as felenite. By boiling the
avater this is feparated, and forms the fur or cruft on
the infide of tea-kettles; fo that hard water is ren-
dered fomewhat {ofter by boiling, though not quite
fo. For chymical purpofes this property may be
wholly obviated, by adding to the water a {mall
quantity of barytic folution.

Pease, and other greens, retain their colour better
when boiled in hard, than when boiled n foft
water; but they are not fo foft' and tender. Soft
water is beft adapted to moft manufaétures, as brew-
ing, dyeing, &c. In dyeing, 1t hard water 1s ufed,
the {elenite, or its earthy part, 1s depofited in the
ftuff, and prevents the colouring particles from

penetrating. In brewing, or any other procefs

svhere water is ufed to extraft the wvirtues from
vegetable, or from animal matter, foft water is
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beft, becaule its folvent powers are greatelt. In
making tea, hard water will not extraét fo much as
foft, unleks the tea be powdered; for it has not fﬂ
much the power of foftening and opening the tea
leaves.

Lime being evidently an animal fecretion, it
has become a matter of difpute, whether it 1s ablo-
lutely formed by animals, or only feparated from
the food, and depolited i the form of fhells or bones
in particular fituations.  If it could be proved that
all the lime contained 1a the fhell of the lobfter, or
m the fhells or bones of any other animal, has not
been received by the ftomach with its feod, it mult
follow, that lime 1s a compound, not a fimple fub-
flance; whereas the chymiit has not yet been able to
detetl 1ts conflituent paits.

It appears, however, probable from feveral fafts,

sthat the lime 1s received into the flomach, and not
formed by the animal. For inltance, chickens fed
purpofely, and with great care, on fuch food as
contains leaft lime, compared with others fed in the
ufual way, were much more feeble, and their bones
both {maller and more flexible. :

Hens, allo, kept carefully from lime, laid eggs
without fhells; but on being allowed again to pick
up pieces of lime, mortar, and the like, they laid
cggs covered with their natural fhells. Mot articles
-of food contain lime in {mall quantity. " The faireft
experiments might be made by keeping fifhes in
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diftilled water, as free from animalcula as poflible,
either in the water or the furrounding air. Such
fithes we know will live and grow with no other
aliment than air and water; and if the quantity of
lime in their bones, {cales, and other parts, 1s found
to beat the fame time increafed, it would amount
to a proof that the fithes have formed the lime,
and, confequently, that lime i1s a compound.
Such experiments require to be condufled with
the greateft accuracy and attention to become fatisa
faltory. |

MAGNESIA is an earth that is much lels fre-
quently met with than lime, and is never found
alone. The ftones in which it conflitutes a con-
fiderable part, are known by a peculiar greafy
feel, as the French chalk (a fteatite), which is ufed
to take greale fpots out of filk ; /apis ollaris, a blueifh
ftone, fo foft as to be ealily cut and fathioned by a
turning machine into a variety of utenfils; and
laftly afbeflos, "a fibrous ftone, that may be fpun
and woven into cloth. In fuch a cloth, which is
perfettly incombuftible, did the Romans fometimes
burn their dead bodies, to preferve their afhes.

Epfom falt 18 a combination of magnefia with
{ulphuric acid, and is found in a variety of natural
waters. By adding an alkali to a folution of this
falt in water, the magnefia is precipitated in a pure
{tate, forming a white umpalpable powder.
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ALUMINE, argil, or clay, 1s the next earth to
be confidered. From its duélility when moiftened,
and its hardening in the fire, 1t is made the bafis of
bricks, tiles, and every kind of pottery or earth-
enware. It is found of various degrees of purity,
and mixed with a variety of other earths; {uch,
therefore, are feleted by the manufaturers as
are fittelt for the purpofe required; and for the
nicer kinds of wares, artificial mixtures of clay and
other earths are ufed.

A tolerably pure white clay 18 ufed for making
pipes. A ftiff blueith or grayith clay, with a
greafy feel, is fitteft for bricks and tiles, which being
naturally coloured with an iron ore, turns red by
burning.

To make bricks, the clay being dug, and thrown
into heaps, is moiftened with water, and worked by
men treading it down ~with their feet. Itis then
cut again with wooden fpades, thrown into heaps,
and, if required, again worked with the feet. It
18 now carried to the brick-maker, who cuts off
enough for a fingle brick, kneads it like dough, on
a board fprinkled with fand; he then puts it into a
wooden mould, previoufly moiftened, and levels it
attop. A boy then turns it out upon the ground,
where it remains till it is dry, being occafionally
turned. The bricks are then piled up into walls,
and expofed to the air, but fheltered from the
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rain, and after a few weeks are put into the kilns
and burnt. |

For pantiles, the fame clay is ufed; but it is
kneaded or worked very fine, generally by means
of a mill contrived for the purpofe.

The common flone ware is made by mixing a
certain proportion of fand with the clay; and the
white or Staffordthire {tone ware, by mixing pipe
clay and pewdered flint in different proportions.
The clay 1s well worked in water, to {eparate the
fandy parts; and the flmid mafs, contzining the
purer parts of the clay, is then pafled through
fieves. The flints are calcined and then ground,
by means of a very hard flone called chert; being
then fifted into water, this fluid mafs is mixed
with the fluid clay, and left to fet. The mixture,
after being dried in a kiln, is tempered till fit for
turning, and in this Rate is ufed for a variety of
wares.

The fineft China-ware is formed by an admix-
ture of what is called petunze, with clay. This
petunze is a granite partly decompofed, found at
the bottoms of certain mountains, and properly
prepared.

Thefe mixtures are made into a duétile mafs with
water, are well kneaded; and then fathioned by a
turning machine or lathe, to the proper fhape, and,
laftly, baked in ovens or furnaces, heated to the de-
gree {uitable to the particular article.




9

s

THE EARTHS.. ' “ 4

The coarfer kinds of pottery would be pervious to
water were they not glazed, which is generally done
with what 1s called potter’s lead ore, or fome other
calx of lead ; or, if a black glazing is required,
with a mixture of white lead, and an ore called
manganefe. The glazing material is powdered and
mixed with water, into which the veilels, previ-
oufly dried by a {light baking, are dipped.” The po-
rous vellel abforbs the water, and leaves the pow-
dered ore on the furface, which, by expofure to
heat in the oven, wvitrifies and forms the glazing.

The finer kinds of pottery, as the Staffordfhire
ware, are glazed with common falt, which, being
vaporized by the heat of the oven, unites withsthe
clay, and vitrifies the furface, and n fome cafes,
as with Queen’s-ware, the glazing is a mixture of
- white lead, powdered flint, and flint glafs. Other
Kinds become femivitrified in baking without any
addition, 1n confequence of the filiceous earth
“which they contain in their compofition.

The glazing material of Delit-ware is glafs ren-
dered opaque by an addition of oxyde, or calx of tin.

In the manufaéture of China and porcelain, after
-a firft baking they apply the glaze, then bake to
vitrify this, next pant it, and, laftly, bake again,
to combine or amalgamate the paint with the glaze,

For this kind of painting the colours are all pre-
pared from metallic {ubftances, as belt adapted to

bear heat, and unit¢ with the enamel in the laft bak-
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ing, which they call burning in, or fixing the
colours. Gold gives a beautiful purple; iron a
red; lead, antimony, and filver, yellows; copper,
green; cobalt, blue; and manganele, a violet coloured
paint. :

Queen’s-ware, the name firft given to the pottery
made by Wedgwood, and called often Wedgwood-
ware, 1s {uperior to moit others, being at the fame
time cheap and ornamental, and poflefling the valu-
able properties of refifting the corroding efletts of
acids, and bearing a very great degree of heat.

Befides the very important ufes of clay, juft
mentioned, it {erves another as important, namely,
the manuring of particular foils. How the clay 1s
to be felefted for this purpofe, and to what kind
of foils applied, I fhall defer mentioning for the
prefent, as I intend to treat prefently of manures in
general.

We fhall conclude the confideration of clay, or
alumine, with an account of the manutatture of
alum. Arum is a mixture of fulphate of clay
and fulphate of potafh; it confifls, therefore, of
{ulphur acidified by oxygen, and combined, 1n the
{tate of an acid, partly with clay and partly with
potafh. :

It is chiefly manufaétured from a {laty fubftance,
called fhale, or aluminous {chi{tus, which contains
both clay and fulphur. This fchittus is {fometimes
inflammable enough to burn by itfelf; but when
this is not the cafe, fome kind of fuel is added tot,
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and the fire kept up fome time. The fulphur thus
becomes acidified, and unites with the clay, forming
an efflorefcence on the furface of the fchiftus. This
is elutriated by pouring water on the heaps; and,
when faturated, this water is put into leaden boilers,
and evaporated. During the evaporation, potalh is
added to faturate the acid, which 1s ufually predo-
minant, and likewile to amﬂ, which 1t effentially
does, the cryftallization of the alum. The lixiviam,
reduced to a proper flrength, is put into coolers,
and the alum is cryftallized as the liquor cools.

The principal ule of alum 15, as a mordant or
fixer of colours in dyeing and in printing on cottons.
It is alfo ufed in the preparation of leather. It'is
added to tallow, to render it harder for the making
of candles. Mixed with glue, it in a great meafure
prevents the depredation of infeéts on furniture,
And the printers rub their balls with calcined alum,
to make them take the ink more readily.

SiLEx, or filica, the laft of the fimple earths
that I fhall mention, differs from all others, in being
much harder, and infoluble in acids. Moll {tones,
that are hard enough to ftrike fire with {tecl, are of
the filiceous genus. Flints, quartz, rock-cryftal,
and the precious {lones, are all of this kind.

The filiceous earth becomes eafily fufible by
addition of an alkali, and is therefore, as we before
mentioned, the principal ingredient in glafs.  Sands
of different kinds, which are the filicegus ftones
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broken down by expofure to the weather, to water,
and to accidents, and wafhed away by the waters,
to be depofited in beds or {lrata, are preferred in thé
manufafture of glafs; becaufe they are already in
powder, and therefore fit for mixing with the other
ingredients.

"The fimple earths, we have faid-before, are
feldom found alone, but generally combined with
each other, forming, however, an uniform mafs, in
confequence of their being intimately blended. In
this {tate they are denominated ftones fimply, as
limeflone, quartz, flint, afbeftos, tale, garnet, &ec.
But frequently thele ftones are mixed, feveral of
them together, mto an irregular mafs, conneéted by
a common cement, and insthis cale they are termed
agaregate ftones, asthe granite, porphyry, pudding-
ftone, &e. Thefe conflitute what are called the
primary mmmtainé, whilft the imeflone mountains,
chalk-hills, and “ftrata of fand-flone, are termed
{fecondary, being {uppofed to be of later formation.

As connefted with the earths, we fhall now take
into confideration the fubjett of manures, and give
a flight defcription of the diﬂ'cre_nt kinds of fails.
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ESSAY XVIILe -

EARTHS,
SOILS, AND MANURES.

THE confideration of the {imple earths leads us
naturally to that of foils, which confift of thele
fimple carths in different proportions; and, as in-
timately connected witly this, we fhall at the fame
time treat of the different fubftances employed as
manures, and endeavour to afcertain the beft rules
for adapting the latter to the former.

The chief part that foils aét in the growth of
plants, is to fupport the vegetable by its roots with
{fufficient firmnefs, and to {upply it with a proper
quantity of water; befides which, it fhould contain
charcoal, or coaly matter, and certain falts in {fmall
proportion.
~ From this it appears, that a good foil fhould be
fufficiently porous, to allow the roots to ftrike
treely, and to fuffer the fuperfluous water to drain
off; but, at the fame time, clofe and compalt
enough, to retain the roots firm, and prevent the
water draining off too faft. This is only to be
obtained by a mixture of lime, clay, and filex or
fand in due proportion ; for thefe earths retain the
water in very different degrees, and form foils of

K




194 SOILS AND MANURES.

very different degrees of compattnefs, according to
their proportions.

The {oils, moft frequently met with, are clay,
chalk, fand or gravel, clayey loam, chalky loam,
fandy loam, gravelly loam, ferrugineous loam, and
boggy or heathy foil, or, as it is often called,
mountain foil.

CLAay* is of very different colours, white, gray,
brownifh red, brownifh black, yellow or bluifh.
It feels fmooth, and fomewhat unétuous; if moift,
it adheres to the fingers, and is duétile. If thrown
into water, it gradually diffufes itfelt throughit, and
then {lowly fubfides. Ufually it does not effervefce
with acids, unlefs a ftrong heat be apphed. If
heated, it hardens, contrafls in all its dimenfions,
and, if fufficiently heated, forms bricks. It con-
filts of alumine (pure clay) and fand, with a {mall
proportion of calx of iron, which gives it its colour,
‘The proportion of pure clay varies from twenty to
{feventy-five per cent, and 1s feparable from the fand,
by boiling in flrong vitriolic or fulphuric acid.

Cuavk, if tolerably pure, is of a white colour,
moderate confiftence, and dufty furface; ftains the
fingers, adheres {lightly to the tongue, and does not
harden, but burns to lime, when heated ; lofing at
the fame time four tenths of its weight, It effer-

#* By clay in' this place I do not mean argil, or alumine, the
fimple earth, but clayey foil, which is a compound of different
sarths, among which alumine is moit predominant.
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vefces with acids, and is diffolved almoft entirely
therein. :
By saxD is meant fmall loofe grains of great
hardnels, not cohering when wet. It is generally
filiceous, and thercfore infoluble in acids. Grauel

differs from fand chiefly in the fize of its particles ;'

but calcareotis ftones, when fmall and rounded, are
often comprehended under the {ame term.

Loam denotes any foil moderately cohefive,
that is, lefs fo than clay, but more fo than loofe
chalk, and confifts of clay and fand, with fome-
times chalk.

Clayey loam is that in which clay predominatess
and 1s by farmers generally called ftrong, ftiff, cold
and heavy loam. Chalky loam 13 a mixture of clay,
fand and chalk, the latter being in greater propor-
" tion, than it 1s ever found in clayey loam, It is
allo lefs cohefive than clayey loam. Sandy lsam, in
which fand, partly coarfe and partly fine, forms
from eighty to ninety per cent, is lefs coherent than
either. Gravelly loam differs from the laft, in con-
taining coarfer f{and, and pebbles. This, with the
two laft foils, are termed by the farmers, light and
hungry foils,  Ferrugincous Joam, or till, is of a
dark brown, or reddifh colour, much harder and
heavier than the other loams, It confifts of clay
and the calces of iron more or lefs intimately mixed,

Bocoy, so1w confits chiefly of ligneous pas-
ticles, being the roots of decayed vegetables mixed
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with argillaceous earth and fand, and a coaly fub-
ftance derived from decayed vegetables.

Hearuy sorris that which is naturally pro-
duétive of heath. _

Of the.various foils, which we have now de-
feribed, fome are much better adapted to, fupport
vegetation than others. Some are too L and
retentive of water, others too loofe and too little
retentive, - Whatever will aneliorate the foil in
thefe: particulars,, is called a manure; .and diffe-
rent. foils, of: courfe, require different manures.
Thofe {ubftances, too, that improve the foil by
fupplying icoaly matter, and certain . falts, as dung
and compofls of  every kind, are termed manures;
but as all foils require thi‘shkip'd'_{Jf.mau‘urf, when
exhaufted of thofe; principles, I fhall confine my
obfervations ito manures 'of the firil- c!afﬂ, which
aét chiefly in & mechanical way.

I may- howéver firlk obferve,, that paring and
burning the land 'improves :the, o1l by reducing
to athes the old roots, and'thus-affording the fame
nutriment to. frefh :vegetables; . asiiis fupphed by
dung or other compoft, ~ Burnt:gypfum and quick
lime anfwer the fame end, by iaiding.the putre-
faétion of the old grafs, and deadivegetahlesw. .« .

‘Our firftl 'objeét ! mudtnbe to 'afcertain.in awhat |
particular ' any. foil is' deficientcands the mext' to
difcover a manure that labeundssinj th& particuldr

earth requiredq s o Loreas
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To alcertain precifely the compofition of a foil,
requires a great deal of chymical knowledge; but
for common purpofes a fuflicient degree of accu-
racy will be obtained, by attending to the ' diferi-
minating qualities of the different foils, that I have
given in defcribing them. The chief fubftances
employed as manures are chalk, lime, clay, fand,
marl, and gypfum; all of which I have defcribed
m a former eflay. The particular earth in which
each abounds, as well as the properties by which
they are diftinguifhed, may be learned by attending
to that defcription. :

The fituation of the land will make fome dif-
ference in the proportions of the different earths
requifite to form a fertile foil. '‘On a declivity,
for inftance, the foil -requires more clay than on
a plam. Ina very rainy country, again, a lighter
and more fandy f{oil is neceflary, than where there
1s lels rain. In the rainy climate of Turin, the
moft fertile foil has from feventy-feven to eighty
per cent of filiceous earth, and trom nine to four-
teen of calcareous; whereas in the neighbourhood
of Paris, where there is much lefs rain, the filex
bears only the proportion of from forty-fix to fiftya
one per.cent in the moft fertile parts.

The following obfervations will ferve as general
rules for the adaptation of manures to the foils.

Clayey foils require calcareous earth for a manure,

and 10 that form that is beft fitted for opening. the
K 3
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texture’of the foil, and making it lefs retentive of
moifture. For this purpofe nothing anfwers fo well
as marles ; and of thefe a gravelly marl, or as it is
called by fome limeftone gravel, which 1s a marl
mixed with lumps of limeftone, 1s the beft, Calca«
rcous marl is next in goodnefs ; next the filiceous+#
and, laftly, the argillaceous. 'Where thefe manures
cannot be had, a mixture of coarfe fand with lime
or chalk ; and, 1f thele are not to be procured, coal-
afhes, chips of wood, burnt clay, coarfe brick-duft,
gravel, or even pebbles, will prove ufeful.

Clayey loams may be defettive either in the calca-
reous ingredient or the fandy, or in’both. If in the
firft, the proper manure is chalk ; if in the fecond,
fand; and 1if in both, filiceous marl, limeftone
gravel, or mild lime and fand.

There 1s a limeftone, found in Yorkfhire and
fome other counties, called by the farmers hot
lime, which, if ufed in the fame quantities with
common lime, is very injurious to vegetation. It
has been lately examined, and found to contain a
large proportion of magnefia. This magnefian
limeftone is eafily diltinguifthed from thet which
1s purely calcareous, by being much more flowly
diflelved 1n acids, even the folteft kind being much
longer in diffolving than marble.

A chalky foil wants both clay and fand, or gra-
vel, therefore the beft manure for it is a clayey or
fandy loam; but when the chalk is {o hard, and {o
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difficultly reducible to powder, as to keep the foil
{ufficiently open of 1elf, then clay is the beit
manure.

Chalky hams, or light hmeftone foils, which do
not differ from them ellentially, require clay or
argillaceous marl.

The beft manure for fandy forls 1s Cﬂlharemlﬁ
marl; the next belt 1s argillaceous marl; and
next to thele clay mixed with lime, or calcareous
or argillaceous loams. Lime or chalk are lefs
proper, as they do not give fufficient coherence
to the foil ; but, when mixed with earth or dung,
they anfwer very well.

Sandy loams are moft benefited by calcarcous
or argillaceous marls, or by chalk for a firft, and
clay for a fecond drefling,

Boggy forls, after draining, generally require
burning ; and, as they are moftly clayey, they
fhould have limeftone gravel, or lime mixed with
coarfe fand; but if, as fometimes happens, they
are fandy, lime or calcareous marl may be required.

The above are to be confidered only as general
rules, and as the foils partake more or lefs of the
nature of thofe defcribed, the manures muft be
felected that correfpond more or lefs with thofe
recommended.
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ESSAY XIX.
TIE METALS.

ALL the metals are fimple fubftances.  Accord-
ing to the lateft difcoveries, there are twenty-one
diftinét metals. Their names are as follows: 1. pla-
tina; 2. gold; 3. filver; 4. quickfilver; 5. copper;
6.1ron; 7.lead; 8. tin; 9. zinc; 10. antimony;
11. bifmuth; 12. cobalt; 185. nickel; 14. manga-
:!iﬂfe.; 15. uranite ; 16. {ylvanite; 17. titanite ;
18. chrome ; 19. arfenic; 20. molybdenite ;
21. tungftenite.

Metals are diftinguifhed from other fubftances
by their great {pecific gravity, by their brilliancy,
and by being more or lefs ductile or malleable. In
this latter property, however, they differ confider-
ably ; and thofe which poffefs it in the greateft de-
gree are termed metals, whilft the others are called
femimetals. Platina, gold, and filver, undergoing
no oxydation or calcination .in our furnaces, are
called perfeét or noble metals, and the others im-
perfett or bafe.

Previoufly to noticing fuch interefling circum.-
flances refpeéting particular metals, as I have fe-

leéted for this effay, I fhall make fome few obferva-
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tions upon the ores of metals in general, as they
are difcovered in the mines. _

Metals are found in four different conditions.

1{t. They are fometimes found in their metallic
ftate, either pure and alone, or alloyed with other
metals; in which {late they are called native.: Gold
1s generally found in this condition; filver, mer=
}::ui'}’, copper, and cobalt, not unfrequently; and
now and then iron, tin, and lead. In this ftate
they only require pounding, wafhing, and then
fufing or melting.

2dly. They are found mixed with fulphur, and
fometimes arfenic, when they are faid to be mine-
ralized. In this flate they are brittle, and have
not always the metallic luftre. Thefe ores are
ufually called pyrites, of which the iron pyrites
are by far the moft common.

Metals thus miueraliged, atter being broken down
or pounded, are feparated from the mineralizer by
torrefaction, or roafting; the heat driving off the
fulphur or arfenic.

3dly. Metals are found in a flate of calx or
oxyde, that is, combined with pure air or oxygen,
-and moftly with a propoertion of carbonic acid.
Thefe ores. are friable, have an earthy appearance,
have different colours according to the degree of
oxydation, and have no lufltre.

They are reducible to the metallic ftate by heat
alone, or with the addition of charcoal, Iron ,' cop-

K5
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per, tin, lead, and fome others, are occafionally
met with 1n this {tate.

4thly. They are found combined with fome of
the acids,-in which cafe they are often regularly
cryftallized. When combined with the vitriolic
or flﬂ['.lhllt'if acid, th{‘:}f are termed vitriols; as
green vitriol or vitriol ot iron (fulphate of iron);
blue vitriol or vitriol of copper (fulphate of cop-
per;) and white vitriol or vitriol of zinc (fulphate
of zinc).

In one or other of thefle ftates now defcribed are
the metals found, principally in the crevices of
rocks, and they are called ores. Sometunes they
are found in fands and the beds of rivers, as gold
in its native ftate; and frequently the metallic falts
are found in natural waters, which are then called
mineral waters. )

The ores, filling up the crevices in rocks and
mountains, are termed veins. Thefe veins {ome-
times contain nothing but the ore, but more fre.
quently it is mixed in a confufed manner with fome
earthy or flony fubftance, generally of the filiceous
clafs, and this is called the matrix. |

The ore is extrafted with 1ron crows, or other
implements ; and recourfe is frequently had to gun.
powder, to {eparate pieces of the rock, and make
way for the working of the veins of ore.

The working of mines is now become quite an
art. The mode of doing it depends upon the
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{ituation and direftion of the vein, the nature of
the rock or mountain in which the vein runs, and
{everal other circumftances, that none can appre-
ciate but thole that are in the habits of attending to
fuch bufinefs. .

There are few circumflances that indicate the
prefence of a mine, and none that can be abfolutely
depended upon. This, bowever, may be remem-
bered, that granite rocks very {eldom afford any,
but that veins génerally run in the fecondary moun-
tains, as thofe of [chiftus, and fuch calcareous flone
as retains no impreflion of animals or vegetables.
The prelence of a {tone called heavy fpar, too, 1s
reckoned a favourable fign; but the operation of
boring can alone decide, whether our fufpicions
refpetting the prefence of a mine are well or 1ll
founded.

Govrp is found in its native ftate in the fands
of many rivers, and particularly in thofe of South
America. It is obtained by wafhing fuch fand,
and picking out the grains of gold; or by powder-
ing the earth or fand, and then adding quickfilver.
The quickfilver will unite with other metals, but
not with earths; it is therefore intimately mixed
with the earth or fand, that contains gold or filver,
and uniting itfelf to thofe metals affords an eafly
means of {eparating them from all impurities. The
quickfilver 1s afterwards driven off by expofing

the mixture to a flrong heat,
K 6
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Surprifing as it may appear, yet it is true, that
gold exifts in a variety of vegetables, and may be
obtamned by a careful analyfis of their afhes, and
likewife by that of vegetable mould. The quan-
tity however 1s too minute to make it a profitable
employment. This metal is {fo very malleable, that
ohe grain weight ot it may be beaten out into gold
leaf, fufhcient to cover fifty-fix fquare inches.
What is ufed for the coin of this kingdom is not
pure, but alloyed with a certain proportion of
copper.

In the art of gilding upon copper, filver, brafs,
&c., the gold is applied in a variety of ways, fome
of which we fhall delcribe. 1t. Hot gilding. - In
this the metal to be gilt is immerfed in, or wafhed
with a folution of quickfilver in aqua fortis. This
gwves 1t a mercurial furface, to which 1s afterwards
" to be applied an amalgam of gold, that 1s, a mixture
of quickfilver and gold. The article being now ex-
pofed to heat, the mercury flies off, leaving only
a thin covering ot gold.

- If iron 15 the metal to be gilded, 1t muft be firft
immerfed in a folution of blue vitriol (fulphate of
copper) to acquire a furface of copper, which will
receive the gilding, whereas iron itfelf will not.

The colour of this kind of gilding 1s heightened
-by burning on it a covering of what is called gilder’s
wax, which is formed of wax, verdigrife, and blue
vitsiol. It is laftly polifhed, and brightened with
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a boiling folution of common falt and cream of
tartar.

The fecond mode is called the Grecian gilding of
filver. A f{alt, called fal alembroth, which 1s a
triple falt containing marine acid, ammonia, and
mercury, is added to a folution of gold in aqua
regia, which is a mixture of marine acid and aqua
fortis, called aqua regia, from its property of dif-
{olving gold, which neither of them poflefles fepa-
rately This 1s evaporated to the confiftence of oil,
and applied to the filver that is to be gilded.

The third kind, called csld gilding, 1s performed
by rubbing the metal with the afhes of linen rags
that have been impregnated with a folution of gold
in aqua regia, Gold wire is made by costing a
filver rod with gold-leaf, and afterwards drawing
it out into.wire, which may be drawn f{o fine that
the covering of gold in fome places does not ex-
ceed the fourteen millionth part of an inch.

S1LVER is alloyed with copper, both for coinage,
and for filver[miths” work, which renders it much
more hard and durable. In the coinage of this
country nearly one twelfth of copper is allowed.
Any other metal may be filvered by rubbing it with
a palte made in the following way. Diffolve fine
filver in aqua fortis, and then add as much tartar
hnely powdered as will make it into a pafte, The
modes employed for giving a furface of filver to
other metals are very numerous, The plating of
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copper 18 performed by faftening plates of filyer
upon thicker plates of copper, and then rolling the
two together into thin plates. The copper is gene-
rally twelve times thicker than the filver, and one
ounce ot filver 1s often thus rolled out to a furface
of three fquare feet.

What is called French plate is made by covering
the copper, or more commonly brals, with filver.
leaf when heated.

MERCURY, or quickfilver, which differs from
all c-the_l‘ metals in being fluid at the temperature
of this clunate, has however been frozen both by
the natural cold of high northern latitudes, as af
Kamtfchatka, and by artificial cold, produced by
" mixtures of {now and aqua fortis. It 1s found to
congeal at forty degrees below zero of Fahrenheit’s
fcale. Mercury unites with other metals, forming
al'wa)'s a foft mafs, termed an amalgam. On this
property depends the art of gilding, as above de-
{cribed, and alfo the art of coating looking-glaffes.

To filver looking-glafles in the ufual way, a sheet
or leaf of tin foil, of the fize of the glafs, i1s {pread
out upon a table ; mercury 1s then poured upon it,
and rubbed about with a brufh; and more mercury
poured on, till it covers the tin a full iine in thick-
nefs. The glafs is now to be flided upon it, prefi-
ing its edge clofe down, and along the tin. The
glals muft then be very equally prefled with weights,
and allowed to remain {o for twa or three days.
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For convex and concave mirrors, which cannot
be {o prefled, an amalgam is ufed that is formed of
two parts of mercury, one of tin, one of lead, and
one of bifmuth,

Mercury, when combined with fulphur, 1s called
cinnabar, whether it is a natural or artificial com-
bination; and the beft cinnabar, when finely levi-
gated, forms the beantiful paint called vermilion.

It iz ufually in the form of cinnabar, that mer-
cury 1s found in the mines; but fometimes it 13
found pure in beds of calcareous earth or of clay.
There are but few mines of quickfilver; the greateft
quantity is procured from Spain. To feparate the
mercury from the fulphur, quicklime or iron filings
are added to the cinnabar to detain the fulphur,
whilft the heat drives off the metcury.

CorprER is ufed in a variety of the arts. With
tin it forms bell-metal and gun-metal, and with a
metal called zinc it forms brafs; or, if a lefs pro-
portion of zinc is empl':u}:cd an ornamental and
ufeful compound, called Pinchbeck.

Veflels made of copper for culinary purpﬂfes
are highly prejudicial ; for all acids, and all oily
or fatty fubftances, when allowed to turn rancid,
combine with the copper, and form verdigrife, which
is poifonous, if taken in fufficient quantity, and
very detrimental, even in the {malleft qudntities.
Copper boilers muft confequently be highly im-
proper; for it is impoffible to keep them {o clean,
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but that fome verdigrife will be formed about the
edges, and unevennefles, where the oily or fatty
matters are {ure to lodge.

1o prevent thefe bad effefts, moft copper veflels
are tinned on their infides. To do this, the furface
1s well cleaned, by rubbing it either with fal am-
moniac, or an acid; the tin, or a compofition of
tin and lead, or lead and pewter, is then melted
in the veflel, and rubbed well about with old rags
doubled up. But this tinning, let it be remem-
bered, does not wholly prevent the bad effets of
the copper, as it foon wears off,

It has been ufual to attribute the unpleafant
effefts, often experienced from tea, to its being
fomewhat 1mpregnated with copper, from being
dried on plates of that metal ; but 1t 1s now known,
that iron plates, not copper oncs, are employed for
that purpofe. The ill effetts of tea mult therefore
be attributed to its own properties, or perhaps in a
great meafure to the debilitating power of hot
water,

Verdigrife for fale is made by putting {heets of
copper in alternate layers with a mixture of four
wine and the refule of grapes. After a certan
time the plates are taken out, and placed edgewife
in a cellar, where they are repeatedly {prinkled
with four wine. The verdigrife, as it is formed
on the furface of the copper, is fcraped off, and
packed up in leathern bags for the market.
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Blue vitriol, we have before faid, is a fulphate of
copper. The common mode of browning fowling-
pieces is to wafh the barrels with a folution of this
in water, by which a layer of copper s depofited,
and this 1s lefs affetted by the weather than iren.
The fulphate of copper is ufed in dyeing, cryitals
“of verdigrife in painting, and copper itlelf in a
variety of ways.

IronN is chiefly found in the form of an oxyde,
that 13, combined with oxygen. It is diffufed more
through different natural produétions than any other
of the metals. It exifts in fmall proportion in moft
animal and vegetable, as well as in moft mineral
produttions. According to the degree of oxyda-
tion, it affumes different colours. It is the colour-
ing fubflance of moft of the gems and precious
ftones, ‘of the different clays, and other earths, and
of a variety of paints and pigments.

From the variety of conditions, which it 1s capa-
ble of afluming, according as it is mixed with more
or lefs carbon, and oxygen, it 1s the moft ufeful of
metals, . :

It 1s the proportion and ftate of combination of
thefe fubftances with iron, that conflitutes the dif-
ference between iron and fleel, between caft iron
and forged iron, between red fhort iron and cold
fhort iron, and between all thefe and plumbago or
black lead. When combined with a certain pro-
portion of carbon or charcoal it conflitutes fteel,
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and with a much larger proportion it forms plum.-
bago ; for which laft, therefore, black lead, as it is
generally called, is a very improper name. The
ufes of 1ron in thefe various flates it is needlefs to
mention.

The plumbago is found moft abundantly in
Cumberland. It'is fawed into fmall {lips, to form
the Black lead pencils ; but an inferior fort is made
by mixing up the black lead dult into a pafte.

Iron combined with vitriolic acid forms green
vitriol ; from which, when diffolved in water, the
iron is precipitated in form of a black powder, by
adding to it any vegetable aftringent, as galls, oak
bark, or the like. On this depends the art of mak-
ing inks, and black dyes. A very good ink is
made by the following proportion of ingredients.

Nut-galls, one pound ;

Gum arabic, } of each fix ounces ;
Green copperas,

Water four pints.

The galls are to be bruifed and fuffered to ftand
in the water (being now and then fhaken) for four
hours, The gum is next to be added, and when
this is diffolved, the copperas. The liquor imme-
diately becomes black, in confequence of the pre-
cipitation of the iron ; and the ufe of the gum 1s to
{ufpend the black powder, which would otherwile
fall to the bottom. Inkftains may be ealily taken
out by any of the acids, either from cloth, paper, or
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wood. Lemoun juice is the beft, becaule with 1t
there is no danger of injuring the article. The
acids will only take out writing ink, not printing
ink, and thercfore they may be uled for cleaning
books that have been defaced by wnting.

When ink-fpots have remaned long, they be-
eome iron moulds, and are then taken out with
more difficulty ;- and the more fo, the longer they
fland,- in conflequence of the iron, by repeated
moiflening and expolure to the air, having ac-
quired fuch an addition of oxygen, as to make it
infoluble in acids. To dilcharge thefe old ftains,
an alkaline fulphuret, or liver of {ulphur, fhould be
firft applied in folution, and after this 1s well
wathed off, the lemon juice or other acid fhould be
applied.

As connefted with this, I fhall here mention the
belt mode of taking out fruit or wine ftains, and
fpots of greale or of wax. For the firft, put about
a table fpoontul of marine acid ({pirit of falt) into a
teacup, and add to it a tea {poonful of powdered
manganefe. Then fet this cup in a larger one
filled with hot water. Moilten the flained fpot
with water, and expofe it to the fumes, that arife
from the teacup, till the ftain difappears.

- The fumes are thofe of the oxygenated muriatic
acid; but as they difcharge all printed and dyed
~colours, this mode is -::unl}' applicable to white ar-
ticles.
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Greale-fpots are moft effe€tually removed by a di-
luted folution of pure potafh, or cauflic lie. Stains
of white wax are taken out by {pirit of turpentine,
or fulphuric ether; and the marks of white paint
may likewife be removed by the laft mentioned
fubflance. .

Pruflian blue, fo much admired as a pigment, 13
a combination of iron with a peculiar acid, called
the Pruffic acid. It is obtained, by a complicated
procefs, from blood and fome other animal produc-
tions.

I fhall conclude thefe few obfervations refpeéting
iron, with the procefs of making what are called
tin plates; for you muft know that thefe plates are
not tin, but iron {lightly coated with tin. What
are ufually called tin veflels, therefore, are iron
veflels, having the furface covered with tin ; and
fuch only as are faid to be made of block tin, are
really compofed ot that metal.

Soft iron is made into plates, by rolling, for this
purpofe ; and they are cleanfed by immerfion in
water acidulated by the fermentation of malt, which 1s
called four wort. - When dried the plates are dipped
into a bath of melted tin, the {urface of which 1s
covered with pitch or tallow ; they are turned i
this bath, and then taken out ; after which they are
{fcoured with fawduft or bran.

LeaD is often found mineralized by fulphur, m
pieces of a cubical form, denominated galena. It
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is often mixed with {mall quantities of arfenic or of
filver, the latter being in the largeft quantity in
thofe cubes or dice that are fmalleft 1n fize.

Lead oxydated or calcined in different degrees al-
fumes different colours ; firft gray, as the dull cruft,
that always covers lead that is expofed to the air;
fecondly, yellow, as the oxyde of lead, called maf-
ficot ; thirdly, red, as minium or red lead; fourth-
ly, a reddifh yellow or orange, as the fcaly oxyde,
called litharge; and, laftly, white, as the white
lead, ufed by pamnters, which is obtained by expo-
fing fheets of lead to vinegar in an uniform heat,
as that of a hotbed, or by expoling 1t to the vapour
or fteam of vinegar.

To make f(hot; a fmall quantity of arfenic is
melied with the lead, to render it more brittle; and
when it is {o far cooled, that a card may be plunged
1into it without being burnt, it is poured into a kind
ot cullender, pierced at the bottom with many
holes, and containing lighted charcoal. This cul-
lender 1s held over water, and the lead aflumes a
“round form as it pafles into it.

Lead has very injurious effeéts upon the conftitu-
tion, when taken in any way along with our food,
or when introduced ito the body by other means,
.as by expofure to the duft or fumes of lead, or by
fuffering white’lead m the form of paint to remain
on any part of the furfice of the body. ' It is a fre-
quent caufe of difeafe amongft plumbers and pain-
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ters; and {everal inftances have occurred of ladies
ufing white paint having brousht on very alarming
{ymptoms thereby, and fometimes even death.

Water kept in leaden vellels for a length of time
becomes impregnated with it : and fometimes even
pump water, in confequence of this metal being
ufed in the conftruction ot the pump, and pipes,
has been fo much umpregnated with it, as to effeét
the health of thofe who drank it. To avoid the
poflibility of this, the water that 1s lodged in the
pump and pipe fhould be firft pumped off, before
the water 1s taken for ufe. '

Sugar of lead, which 1s lead diffelved in vinegar
and cryflallized, is fometimes fraudulently added
to bad wines to clarify them, and often to take off a
flight acidity. It is likewife added to brandy, to
deprive it of colour,

To detett lead in water, the moft delicate teft 1s
water impregnated with f{ulphurated hydrogen gas
(as the Harrowgate water). To the {ufpected water
add half its bulk of this fulphureous water, and it
lead 1s prefent it will give a dark brown or blackifh
tinge.

To deteft lead in wines, add a few drops of the
following liquor to a glafs of the wine, and the lead
if prefent will be precipitated of a black colour,
Take of calcined oyfter-fhells and crude fulphur
equal parts; keep them mn a white heat for fifteen
minutes; when cold, add an equal quantity of |
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eream of tartar, and boil it in water for an hour 1n
a glals veflel. When the powder has {ubiided, de-
cant the clear liquor into phials, holding an ounce
each, and add twenty drops of muriatic acid ({piit
of falt) to each phial. Let the phials be kept well
corked. Copper, it prefent, will be precipitated
by this liquor as well as lead.

Tin is a metal that 1s proctired in very great
abundance from the mines in Cornwall, chiefly in
form of a white ore, with quartz for its matrix.
Mixed with lead-and antimony, it forms pewter,
va compound that 1s ufed for a variety of purpofes.
Tin alone 1s often made into kitchen utenfils ; but
it is more frequently employed as a coating for
other metals that are more lalling, as won or cop-
per.

Pins are made of brafs wire, and are afterwards
cinned by the following procefs. A proper veflel is
filled -with alternate layers of pins and plates of tin,
the latter being both at top and bottom. A folution
of cream of tartar in water is then poured upon
them, fo as to fill the veflel, and is made to boil for
four or five hours, when the pins are taken out
completely tinned, |

The acid of the tartar in this procefs diffolves the
tin firft, and then gradually depofits it on the fur-
face of the pins, in confequence of its greater affi.
nity for the zinc, which enters into the compofition
of the brals wire, of which the pins are formed,

—rT
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Tin 1s very ealily calcined, as is feen by the fur-
face of melted tin or pewter being very foon cover-
ed with a powdery calx, which the purchafers of
old pewter call drofs, and pretend to make no ufe
of, and therefore pay only for the remainder.
They however well know that this drofs, as they
call it, which is a true oxyde of the metal, when
expoled to a {trong heat with charcoal, is eafily re-
duced to the metallic ftate, and forms good pewter.
The fame deceit is often practifed by plumbers,
when they purchafe old lead.

The calx or oxyde of tin'is called putty, and 1s
ufed in polifhing hard bodies, and to convert glafs
into a kind of enamel.

A folution of tin in muriatic or in nitro-muriatic
acid 1s ufed by dyers, as a fixer of colours, and
particularly in dying fr:ariet.

Three parts of tin, with five of bifmuth and two
of lead, form a compound fo eaflily melted, that it
liquifies 1n boiling water. X

The {pecula for refleéting telefcopes are a com-
pound of tin, -copper, and arfenic. |

Z1iNc is a metal that enters into the compofition
of brafs and bell-metal. It 1s found abuﬁdaml}f in
Somerfetthire, Derbyfhire, and Flintfhire, in an
earthy form, of ‘a gray colour, without luftre, cal-
led calamine. This isan oxyde orcalx of zinc, ufu.-
ally combined with fixed air. It is found in North '
Wales; in Cornwall, and in Derbyfhire, in an ore
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salled blend, or black jack, greatly refembling ga.
lena, which is an ore of lead. In this ftate the
zinc is' mineralized by fulphur. Thefle ores are
both ufed in making brafs. Calamine 1s, however,
preferred. After being calcined and powdered, it
is mixed with charcoal and copper, in thin plates,
or in grains, and expofed to a heat, at firlt not {uf-
ficient to melt the copper, but afterwards increafed ;
{fo that the mafs, which 1s a compound of the two
metals, 1s fufed, and 13 now called brafs.

Zinc is the metal that 1s generally felefted for ex-
lubiting the phanomena which have recetved the
denomination of Galvanifm : and I fhall, therefore.
in this place, take notice of that newly difcovered
property which 1s-found to belong more or lefs to
all the different metals. '

Garvanism: more than thirty years ago it was
difcovered, that when two pieces of metal, the one
of lead, the other of filver, are joined together, fo
that their edges form one furface, a certain fenfation
will be produced on applying it to the tongue,
which comes near to the tafte of martial vitiiol or
copperas ; whereas- each piece by itfelf betrays not
the lealt traces of that tafte.

No further notice feems to have been taken of
this faét, and no other Galyanic phenomenon dil.
covered, till M, Galvani, an Italian, was led to z-
variety of experiments on the {ubjeét, which he

ublithed.ten or eleven years ago, and from whom

L
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the term Galvanifm is derived. Since this time the
attention Gil the learned has been a good deal direéted
to the {fubjett, and many very curious circumftances
have been afcertained, particularly by the very late
difcovery of what is termed the Galvanic pile, by
S. Volta. '

We fhall not enter into the minutiz of Galva-
nifm, either as to the hiftory of its difcovery, or the
ph@nomena it comprifes. With refpeét to the firft
I fhall add nothing to what has been faid above;
and with regard to the phanomena, the following
are the mofit remarkable.

When one piece of metal 1s laid on the tongue,
and another of a different metal 1s held between
the upper lip and the gums, a talte of copperas,
-and frequently a'flalh of light is perceived, the
moment that the two metals are brought into
- contactt.

The nerye of a living animal, or of an animal
newly flain, being made part of the circle of
.communication, the mufcles to which that nerve
runs, are convulled at the moment the communi-
cation is made. Thus, the lower extremities of a
fmg;_b{,mg {eparated from the body, and the fciatic
ne@‘{res laid bare being placed on a plate of zinc,
and the toes of the frog upon a plate of filver, as °
foon as a communication is made between the two
plates by any metallic wire, the legs of the frog
become convulfed.
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When alternate layers of filver, zinc, and moift-
ened cloth, or pafteboard, are piled upon each other
fucc&fﬁvc']j,’, to a confiderable number, all the
Galvanic phaenomena are rendered more evident on
forming a communication between ‘the top and
bottom of the pile, which muft have different me-~
tals at thofe two places. :

This is called the Galvanic pile, the chief pro-
perties of which are the following; and, to make
them the more evident, let there be as many as fifty
pieces of éach metal ; let the filver be half-crowns,
and the zinc of the {ame fize, but rather thicker;
and, laftly, let the circular pieces of cloth be wetted
with falt and water.

On applying one hand, wetted with falt and water,
to the top, and the other to the bottom of the pile,
a fhock, fimilar to that from a charged eleétric jar;
1s immediately felt in both arms.

Whena wire from the top, and another from the
bottom, -are placed, one upon, and the other under.
the tongue, a pricking fenfation, and fomewhat of
an acid talte, is perceived. |

When the head is made part of the circuit, the
wires being placed in the ears, a'crackling found is
heard; and a flath of light appears if the eyes are
‘brought into its courfe.

If, by means of the wires, the Galvanic fluid is
diretted over a fore, or any part where the fkie

L2
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1s abraded, a fmarting and confiderable pain - is

induced. .

When water is made part ot the circle of com-
munication, by introducing the wires under water,
and bringing them near to, but not into contaét
with each other, a flow but continued decompofition
of the water is the confequence. If the wires aré
of ron, or any metal that is oxydable, only hydro-
gen gas efcapes in bubbles to the furface, theoxygen, -
uniting with, and oxydating the wire." But if gold
wire be employed, both oxygenous and. hydro-
genous gafles are difengaged. :

By means of tlus {fimple apparatus, which pnf
fefles the above properties as long as the pieces of
cloth, remain mouft, a variety of interefting chymical
experiments have been performed. It exhibits
nearly the fame effeéts, as a.chymical agent, with
thofe produced by repeated fhocks or {parks {rom
an eleétrical machine.

+ CoBALT is a metal that is chiefly obtained, from"
the mines in Saxony. When deprived of arfenic,
with which it is generally mineralized, 1t is called
zaffre. This mixed with three parts of fand, and
“ene of potalh, is melted into a blue glafs, which,

eing powdered and wathed, -is known by the name
of {malt, or azure; and this, by mixture with ftarch,
forms the blue ufed by laundrelles, and is made the
bafis of many blue paints.
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Arsentc is the laft of the metals which we fhail
.nention ; and this, chiefly, with a view of noticing
its baneful effefts as a porfon. Miners, and other
workmen, who are expofed to the duft and fumes of
this mineral, and particularly thofe of the cobalt
mines, are fo {oon, and fo violently affefted by it,
that they live but a few years in the employment,
and are fubjet to pulmonary affeétions, and difeafes
of the abdominal vifcera,  In Saxony the work is
* only done by convifts; whole punifhment would
otherwife have been death,

When taken into the flomach in confiderable
quantities by miflake, or with an intent to com-
‘mit fuicide, it firft fets the tecth on edge, con-
ftri€ts the throat, heats the mouth, and caufes

fpitting. Then comes on a burning heat, and
excruciating pain in the ftomach, a vomiting of
glarry bloody matter, cold fweats, convulfions, |
and death.

Mucilaginous drinks, milk, oils, and butter,
have been the ulual remedies recommended in
cales, where this poifon has been taken; but what
1s much better than either of thefe is, a drachm
of fulphure of potafh (liver of fulphur), diffolved
in a pint of water, to be taken at fevaral_c]raughts.

‘v"v.fii?iill this + 1s preparing, let the patient take
plentitully of vinegar; and if the {fulphure cannot

be procured, let an emetic be given after the
LS




222 THE METALS.

vinegar; but not at all if the fulphure can be
{peedily adminiftered. : ‘

When it 1s required to know whether a perfon
has died in confequence of taking arfemc, or
whether a dog or other animal may have beén
potfoned: by it, let the contents of the ftomach
be well wathed, and if there is any powder finks
to the bottom, carefully collet and dry it. Let
a portion of this powder, mixed with a little char.
coal, or other inflammable matter, be thrown upon
a red-hot poker; and if it is arfenic it will fly off 1n
vapour, giving, in a {trong degrte, the odour of
garlic.

W ith this fhort account of the moft important
of the metals 1 conclude the confideration of the
chymical elements. 1 have not attempted to give a
complete hiftory of each elementary {ubitance, and
of all the compounds that refult from them, for 1t
was not my intention to offer a fyftem of chymiftry.
I have only feletted fuch as were either cu rious or
important, and fuch as would naturally lead to fuba
jetts that were interefting and ufeful. In my fe-

le€tion, I truft, that I have not gltogether failed -

either in amufing ‘or inflruéting; and {hould any
one, by the perufal, have imbibed a relifh for that
{cience, which I have here endeavoured to place
in a pleafing point of view, though not more
fo than it deferves, my intention is completely

an{wered.
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I fhall now add an eflay or two on the mineral
waters, which come prupc:l'i}' to be treated of after
the metals, and other mineral produétions; and
fhall then conclude the work with the confideration
of fome few of thearts that are intimately connetted
with chymiftry; but for introducing which, no
convenient. opportunity occurred in the confider-
ation of the chymical clements,

E
|
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MINERAL WATERS.

THE term of mineral water has, by common

*eonfent, been given to all natural waters, which

have been found ufeful in the treatment of -dif-
exlc; and it bas generally been reftrifled to fuch
waters, although there are many others, that con.
tain larger quantitics of different mineral produc
L10ns. .

Some, as the Malvern waters in Wales, are
chietly ufeful in confequence of their containing
lefs heterogeneous matter than even common {pring
water, and yet thefe are denominated mineral
waters; whillt various others, cantainiug the ful.
phaté of copper, large quantities of common falt,
or other mineral produétions, are feldom enumerated
among the mineral waters, becaufe not applied to
medicinal purpofes. _

It 1s very dificult to free any kind of water
from all foreign admixture;- even rain, or {now
water contains a portion of calcareous, carth, be-
fides a quantity of common atmofpheric air; nor
1s it wholly deprived of the former by repeated dif-
tillations. What we denominate hard waters contain
fclenite (a fulphate of lime) and generally chalk.
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Many {prings too, which affurﬁl gnﬂd wholelome
water, that is ufed for all domeitic purpoles, are
impregnated with fmall quantities of different Kinds
of falts, with iron, or with fixed air.

It is only thofe waters, that by their containing
greater abundance of thele impregnations, or from
fome other caufe, have obtained confiderable
celebrity in the treatment of dileales, that 1 {hall
now notice ; and thele I fhall clafs, and de-
fcribe in order, according to their predominant
qualities,

Crass I. SIMPLE WATERS.
Division 1ts Cold.

Several {prings have acquired celebrity, which
are remarkable for their purity, containing much lefs
of earthy or faline impregnations than the {pring
waters in common ufe. They are chiefly employed

as an external application in fcrofulous or other
" old ulcers, in different chronic eruptions, and n
fore eyes. Internally they are: recommended in
calculous complaints, and other affeftions of the
kidnies or bladder.

The moft noted water of this clafls is that of the
Holy-well at Malvern, in Worcefterfhire, which,
except a fmall quantity ot fixed air, contains fcarcely
any foreign ingredients. |
¢ St. Winifrede's well at Holywell 1n Flintfhire is

: L5
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eelebrated for fimilar virtues, and is likewife a
remarkably pure water.

DivisioN 2d. Thermal, or warm.

The moft celebrated of this-divifion are Briftol,
Matlock, and Buxton waters; which are tolerably
pure waters, containing no metal or metallic falt,
and no great quantity of other foreign matter. Their
virtues chiefly depend upon their warmth; and the
advantages received by invalides, vifiting thefe
falhionable reforts, are in a great meafure derived
from other adventitious circumftances, as variety of
{cenery and amufements; the genial warmth of
Briftol, or the enchanting {cenery of Matlock, never
failing to excite to exercife, and to exhilarate the
fpirits of the hypochondriac or the ekhaufted-de-
bauchee. Thele waters being amongft the moit
noted in the kingdom deferve more particular notice,
and fhall be therefore treated of feparately.

Briftel hotwell, This i1s a pure warm {lightly
aﬁ:i«.clulated [pring. It contains lefs folid matter
than moft common {prings, but 1s confiderably
impi"eguat::d with fixed \air. Its temperature upon
an average may be reckoned at 74°.

The fite of Briftol hotwell is peculiarly favour.
able to invalides; being fheltered from the north,
eaft, and welt winds, and only open to the {outh,
It is chiefly on this account, that it has obtained fo
much celebrity for confumptive patients.

1
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The internal ufe of the waters is likewile fer-
viceable in the heftic ftage of that complaint. - It
is particularly recommended to patients labour-
ing under the effefls of a long reflidence in a warm
climate, to dy[peptics, .and to_perfons fubjell to
bilious diarrhcea and to dyfentery. Iis ufe 1s
likewile extended to calculous complaints, and to
diabetes.

From its excellent property of keeping untainted
for a long time in hot climates, it is frequently ex-
ported, though its medical virtues are confiderably
lefs, if not taken at the {pring. The water of the
Sion fpring at Clifton only differs from the laft in
being one or two degrees colder. :

Matleock in Derbyfhire. = There are {everal {prings
here uniformly warm, being at 66°. The water is
a pure {pring water without any impregnation of
fixed air. .

It may be drunk in all cafes, where a pure di-
luent 1s advifeable; but its notoriety chiefly de-
pends upon its ufe as a bath. Though warm, it
is confiderably below the temperature of the body,
which 1s commonly 97° or 98°.. Immerfion in the
Matlock bath 1s therefore attended with fome fhock,
though confiderably lefs than common. cold or {ea
bathing.

It 15 chiefly recommended in chronic rheuma-
tifm, and all fuch cafes as require ultimately the

cold bath; but where from the delicacy of the pa-
L6
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tient’s habit, it is neceffary to bring him gradually
to its ufe. It forms a proper intermediate bath
between Bath or Buxton and the fea,

Buxton in the Peak of Derbyfhire. This water
1s, like the laft, as pure as common {pring water,
except that it contains a fmall quantity of azotic
gas; and a larger quantity continually elcapes in
bubbles to the furface of the water in the fprings.
This gives to it no particular flavour or appear-
ance, and, as far as 1s yet known, no particular
medical virtues. Its temperature 1s at 82°, being
confiderably warmer than that of Matlock, though
not fo warm as the human body. Its chief ule-as
a bath is in cafes of partial lofs of motion or of
‘fenfation, particularly. after rheumatifm. As an
internal remedy it is ferviceable in cafes of indi-
gefion from free living, and in difeafes of the
urinary organs. Its utility in gouty affetions 1s
more doubtful.

Czass I1.. CHALYBEATE,

Diviston 1st. Hot carbonated. ‘
Bath water, though flightly chalybeate, contains

falls properly to be confidered after the fimple
thermal waters. :

The climate of Bath 12 mild and genial. - Its
waters have three principal ﬂ.‘ﬂ.ll‘_ft!'_’s, which fupp;}r
the King’s bath, the Crofs bath, and the Hot
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bath, which differ fomewhat in their temperature,
as well as contents.

The firlt is at 116° when frefh drawn, and about
106° in the bath; whilft that of the Crofs bath,
which is coldeft, is only 112° at the pump, and
from 92° to 94° in the bath.

The former is likewife more chalybeate ; although

even that is fo {lightly fo, as only to be evident to
the talle when. warm, and not at all when cold.
Befides this fmall quantity of iron, Bath water con-
tains fome fixed air, though not fo much as to render
it {parkling, or-atall acid to the tafte. Its other
ingredients are calcareous falts enough to render the
water hard, a minute portion of neutral falts, and of
filiceous earth, and a [mall quantity of-azotic gas.
' Ufed internally, Bath water {fometimes produces
headach, drynefls of the tongue, and a teverilh pulfe ;
when this 1s the cale, its further ufe fhould not be
advifed. When likely to prove beneficial, it pro-
duces an agrecable glow in the ftomach, and an in-
creafe in th& appetite, and fpirits; it alfo quickly
determines to the kidnies. :

Bath water, both internally and externally applied,
1s very beneficial in chlorofis, in irregular gout, and
the fecondary fltage of rheumatifm. In paralytic
affettions,  where there is no particular determination
to the head ; 1n jaundice, and other liver complaints,
brought on by refidence in hot climates ; and in mof

—— i e ——
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hypnchundr:acal and dyfpeptic cales, the ufe of the
Bath waters is highly extolled.

In cafes of old fprains, or the partial effefts of
rheumatifm, the topical application of the water,

by pumping it upon the part, is frequently fer- -

viceable.

We have no other hot chalybeate waters in
this country; bnt on the continent feveral have
gained gre.t celebrity, as Fichy waters in the
Bourbonnois, a mountainous diutriét in the centre

of France; which waters, befides being chaly-

beate, are alkaline, containing a very perceptible
quantity of mild foda, Their temperature is about
120°.

Carlfbad, or Caroline waters, in Bohemia, are
hot {aline cz_irbmlut::d chalybeates. Their tempera-
ture is as high as 165° 'They contain Glauber’s
falts, and other purging falts, much fixed air, and
calcareous earth, and a fmall portion of iron. The
two laft being held in folution by the redundant
fixed'air, are feparated (the former i confiderable
quantity), when the water by expofure lofes its heat
and its fixed air; in confequence of which ftalattites
and calcareous petrefaftions are very common in
thefe fprings.

Thefe waters are purgative as well as tonic,
and are ufeful in the fame cafes as the Bath

waters.

i
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Division 2d. Cold carbonated.

This divifion of mineral waters is the moft abun-
dant, not only in this, but 1n other countries.

Befides fixed air and iron, many of them con-
tain no foreign ingredients but fuch as are found in
the moft common {prings. The quantity of thefe
two ingredients, to which they-owe all their virtues,
varies confiderably in different waters.

Such as contains but a fmall quantity of the
gas, not fufficient to give it a {parkling appear-
ance, is termed fimple carbonated chalybeate water ;
and of this kind are all the natural fimple chalybeate
{prings in this country, as Tunbridge, Iflington, &ec.

Thofe chalybeate waters, that {parkle, and are
fenfibly acid from the abundance of the gas, are
called highly carbonated chalybreate waters. -Of
this clafs are the Spa waters in the principality
ot Liege, and the Pyrmont water in Wellphalia,
which are frequently imported into this country,
and are the mineral waters that we molt trequently
imitate by artificial means.

Amongft the fimple chalybzate waters of this
kingdom, Tunbridge-wells is moft reforted to; but
thofe at [lington, Hampflead, Carlton near Newark,
Leez, Markfball, and Felffead 1n Effex, Aylefbam
in Norfolk, and Wellingbareugh in Northampton-
fhire, are of the fame clafs, and many of them as
firongly impregnated.

There 1s a cold chalybeate at Buxton, and like-
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wife at Harrowgate, that add to thc celebrity of
thefe places.

Waters are known to be chalybeate by'their
firiking a purple or black colour with an infufion
of galls, or other vegetable aftringent; by their
peculiar mky flavour; and by their depofnng a
yellowifh ochre, when expofed to the air.

Their medical virtues are chiefly as a tonic, pro-
ducing a genial glow, improving the digeftion, and
giving ftrength and tone to the whole fyflem. They
are particularly {erviceable in chlorofis, and other
difeales of females; in flatulency and indigeftion,
and in all cafes of debility from free living or
debauchery.

‘The highly carbonated clafs, as Spa‘and Pyr-
mont, have a kind of intoxicating effe@ from the
excefs of fixed air, and frequently require to be -
diluted ; and are never to be drunk, where there
is much inflammatory aétion, or determination cf
blood to the head. 7 \

It 1s by means of the fixed air that thefe waters
retain the 4ron in folution ; if, theretore, they lofe
this gas, which they gradually do, by mere expo-
fure, and more quickly by boiling, the iron is pre-.
cipitated in the form of-ochre, -and the water lofes
all its virtues and peculiar properties. If well
«corked, they may be kept good for {ome time.

The proper quantity to be taken is from a pint
and a half to three pints daily; and the ufe of the
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waters fhould not be continued more than from
fix to eight weeks, without a confiderable inter-
miflion, !

Befides the fimple and highly carbonated cha- .
Iybeate waters,; therc are others that are chalybeate
with the addition of faline fubftances; as the Chelren-
Fam and Scarborsugh waters. Thele are purgative,
particularly the former, and are chielly I.]Lllthf.]al in
obftruétions of the liver, in all glandular {wellings,
and in cales of f{corbutic eruptions.

Thefle waters grow turbid and lofe their virtues
by keeping, even in bottles well corked, At
LEH?II.?’_{;’."«H in Yorkthire, at Newil Helt in Lein
cefterfhire, and at Coventry, are {prings very muich
refembling in all their properties thofe of .. Sear-
borough: whilfl thole of Gainfborsugh in Lincola-
fhire, and Harticposl in Durham, more nearly re.
femble the Clltltﬂilllaiﬂ} having a flightly fulphu.
Teous taint.

Division 8d.  Fitruslated.

This {pecies of chalybeate water owes its pro-
perty to the prefence of green wvitriol, which
iron combined with fulphuric or vitriolic acid. It
allo contains a portion of alum, and hardly any
other foreign matter,

Thefe waters are not numerous; their ftrength
varies, and of courfe the dofe; it ought, how-
ever, feldom to exceed a pint in a day. Inalarge
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dofe they produce vomiting. They are ufeful in"
Lem-::rrhages and other difcharges from dEbllll}’, and
in patients of a general lax habit.

At Shadwell near London, at Hartfell near
Moffat, and at Swanfey in South Wales, are {prings
thus impregnated.

Crass III. SALINE.
Division 1at.  Simple,

Thele are waters that differ from commen water
i holding in folution more or lefs of the different
purging falts; but they contain no iron, and no
fixed air, or fulphureous gas. The falts are chiefly
either Epfom falt, or Glauber's falt, or both, with
muriate of magnefia, and moie or lefs of common
{alt.

Sedlitz and Epfom water abound in {ulphate of
magnefia or Epfom falt.

Sea water owes its faline talle to common falt
(muriate of foda), which it contains in abundance;
and its bitter talle to muriate of l'nagm?ﬁa, of which.
it alfo contains a confiderable portion..

Both thefe falts arewpurgative; and the fea-
water differs but little, .if -at- all,. in its medical
virtues from the faline {prings, I;ht::@mgatwe quality
of which i1s gen-::rally demﬂdhm Epfom falt, or
Glauber’s falts

The Epfom falt: for fale is now obtained chiefly
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from fea water, by adding green vitriol (fulphate
of iron) to the uncryflallizable falt that remains
after the common falt has been extratted from 1t.
The fulphuric acid of the vitriol leaves the iron
to unite with the magnefia of the falt, which 1s a
muriate of magnefia, and thus forms the Eplom
falt ([ulphate of magnefia.)

The internal ufe of thefe falt or fea waters is
recommended in glandular, or ferofulous [wella
ings; in dylpepfia, attended with naufea, and a
foul tongue; in hypochondriafis, attended with
coftivenefs; and in moft cafes of habitual cof-
tivenels, particularly where the more draltic purges
have been too freely adminiftered.

Sea bathing, or falt water bathing, is ufeful
wherever cald bathing of any kind is indicated ;
-as 1n all cales of debility, unaccompanied with
inflammatory {fymptoms. How far it is to be
confidered preterable to the common cold bath ‘is
doubtful, except in cales of cutaneous eruptions,
and old ulcers, where the flimulating quality of
the falt, as an external application, is generally
attended with good efletts. i

In fome delicate and irritable habits too, bathing
in the fea will be fucceeded by that univerfal Elow
that is the certain telt of the utility of the bath,
when common cold bathing would be fueceeded by
chillinefs and coldnels of the extremities. Warm
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falt bathing may be more advantageous in paralytis
eales than common warm bathing.

Division 1. Highly carbonated alkaline.

The moit celebrated natural water of this clafs is
that of Seltzer. It is a {aline water, flightly alkaline

_from the foda that it contains, and highly acidulated

with carbonic acid or fixed air, which is much
more than {uflicient to faturate the alkali.

dlas water is palatable to molk perfons, being
britk and fparkling, and but {lightly alkaline; it
raifes the {pirits, and promotes digeftion.

Seltzer is a village in the bifhoprick of Triers, in
Germany; its water is.tranfported in {fone bottles,
well corked, to almoft every part of Europe. In
Holland, as well as Germany, it is a common be=
verage at the tables of the fathionable ; and in thie
country, either the natural water, or an artificial
imitation of it, under the name of Soda water, i
now a very fafhionable drink,

This water is highly recommended in the heétic
fevers of confumptive patients, attended with flufh.
ings and night {weats; and for allaying feverih
uritation from other caufes. -

In eruptions called fcorbutic, in cales of indi-
geilion, and particularly in ealculous complaints,
its virtues are highly extolled. '

The vfual dofe of the water is, from half a pint.
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‘@0 a pint; but little or no inconvenience can arile
from a much larger quantity.

Crass IV. SULPHUREQUS WATERS.

The fulphureous waters of this country are all
cold ; as Harrowgate, in Yorkfhire ; Msffat, in the
fouth of Scotland ; Sutten-bog, in Oxtordfhire; and
Shettlewsod, in Derbyfhire.

Thofe of Aix-la-Chapelle, in Flanders, and feveral
others on the Continent, are very hot. The fulphur
is retained in thofe waters by 1ts union with inflam-
mable air, which hepatic gas gives the peculiar (mell
and tafte to them. Itrelembles that of rotten eggs,
or the fcourings of a gun-barrel; which, with its
groperty ot tarnifhing filver, and rendering black,
charafters written on paper with fugar of lead difs
folved in water, are fufficient tefls to alcertain its
prelence in any water.

Some of thele waters contain a fenfible portion
of the purging falts; of which Harrowgate ftands
the firft in renown. .

- The Moffat water contains only a little com.
mon falt.

‘Warm baths of thefe waters are recommended in
almolt all cales where their internal ufe is advifed ;
the principal .of which are herpetic eruptions, and
fuch as are termed [corbutic. Dyfpeptic patients,
and fuch as labour under worms, experience ad-
vantage from thele waters, Two or three half.




258 MINERAL WATERS.

pint glaffes of the water are taken in the courfe of
the marning. _ :

The hot fulphureous waters on the Continent
are reforted to by gouty, rheumatic, and paralytic
patients; and are ufed externally as tepid baths,
as hot baths; or as vapour baths, with great ad-

vantage.

Having thus given a hafly fketch of all the dif-
ferent kinds of mineral waters, I fhall add a lift or
table of the particular fprings of this kingdom,
with fome few_of the more noted ones on the
Continent. I fhall fo arrange them, that their pe-
culiar properties may be immediately feen; -and
fhall place the moft noted of each kind at the head
of its divifion, as a point of comparifon for the
reft. I fhall, laflly, conclude the fubjett by an
eflay on the artificial mineral waters.




“Tasre of the Mineral Waters of Great Britain,
with a few of thofe on the Continent, {yftem-
atically arranged *.

Crass I. SIMPLE WATERS.

- PR ——

Diviston I. Cdld.
1Malvern, Gloucefterfhire

{8t. Winifrede’s Well, at

Holywell, Flintfhire

Division II.  Hos,
Briflol, Somerfetfhire
Buxton, Derby/bire
Matlock, Ditte
Mallow, Cork

CrnassTl.

Tunbridge, Kent

CHALYBEATE.
i — )

Diviston L. Cold carbonated fimple.

«Aberbrothick, Scotland

tAylefham, Norfolk

IBallycaftle, -Antrim

IBallyspellan, near
kenny

* Many of the following waters have not yet been accurately
sanalyfed. 'We do not, therefore, prefunie that all are properly ar.
rrapged ; but judging from their general qualities and charatters, we
ttruft that the errors are few, and of little importance. Neither do
'we offer it as a complete catalogue of Britith mineral watersy there
\being, doubtlels, many that are not yet generally knowns.

Kil-

e

| Cannock, near Stafford
| Carlton, Nottinghamthire

Birmingham Well, near to
the town

Bromley, Kent

Chippenham, Wilts

w
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Cobham, -SL:II.‘I'G}-". | Leez, Effex

Colurian, Cornwall . Llandrindon, South Wales
Coolauran, Fermanagh Markfhall, Eflex

Derby, near to the town || Millar’s Spa, Lancafhire
Dortfhill, Staffordfhire Mofs Houfe, Ditto

Dunnard, near Dublin || Newton. Stewart, Ireland.
Dunfe, Scotland Oulton, Norfolk

Felftead, Eflex Peterhead, Aberdeenfhire
Galway, Ireland Sene, Wiltfhire

Glanmile, near Naul i Tibfhelf, Derbyfhire
Glendy, Scotland Weatherftack, Weftmore-
Hampftead, near London land ;
Iflington, Ditto Wellingborough, North.
Kanturk, Cork amptonthire
Kincardine, Scotland Weft Afhton, Wiltfhire
KirBy, Weftmoreland Wexford, Ireland
Lancafter, or Salg’s Spa Whiteacre, Lancafhire
Latham, Lancafhire Wigan, Ditto

Diviston 11. Hot carbonated fimple.
Bath, Somerfetfhire,

Diviston 111,  Cold highly carbonated.

Pyrmont, Germany *1Imington, Warwickfhire
~ Spa, Ditto Lincomb, near Bath
Abcourt, France ~ Lis-done-verna, Ireland
Pafly, Ditto Maccroomp, Ditto
Thetford, Norfolk

% The waters of this divifion that are found in this kingdom, have
mech lefs fixed air than she Spa waters, which they otherwife
sefemble.
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Divisiox IV, Cold faline carbonated.

(a) fightly [ulphureans. (b) not fulphureous.
Cheltenham Scarborough
Ballynahinch, Down Aftrope, Oxfordthire
Caftlemain, Kerry Af{warby, Lincolnfhire
Deddington Bingley, Warwickfhire

Drigwell, Cumberland Burlington, Yorkfhire
Gainfborough, Lincolnfh. (| Coventry, Warwickfhire
Hartlepool, Durham Hanbridge, Lancafhire
Orfton, Nottinghamfhire || Jeflop’s Well, Surrey
Stenfield, Lincolnfhire Kingfcliff, Northamptonth.
Tarleton, Lancafhire Malton, Yorkfhire
Thoroton, Nottinghamfh. || Nevil Holt, Leicefterfhire
Workfworth, Derbyfhire || Newnham, Warwickfhire
] Thurfk, Yorkfhire

Division V. Hot falive bighly carbonated.

Bourbon,
Mount d’Or, } France.
Vichy,

Carlfbad, or Caroline Baths, Bohemia.

e ————————

Division VI, Fitriclated.

|Hartfell, Scotland
(Cathmore, Waterford
LCrofs Town, Ditto

Haigh, Lancafhire
Kilbrew, Meath
Nobber, Meath

M
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Shadwell, near London

Somerfham, Huntingdon-
fhire

TABLE OF MINERAL WATERS,

Stanger, Cumberland
Swansey, North Wales

i S VI ————

2 L.-xss’IIII. SALINE WATERS.

e T ——

:Division 1.

(a) common falt abounding.
Sea Water

Alford, Somerfetfhire
Barrowdale, Cumberland
Cargyrle, Wales
Dortfhill, Staffordfhire
Dublin falt Springs
Kilroot, Antrim
Leamington, Warwickfhire
St. Erafmus’s Well, Staf-
~ fordfhire

e —

b)) Epfom falt aboundiug,
Epfom, Surrey
Acton, “near London

Alkerton, near Gloucefter
Bagnigee, near London
Barner, Hertfordfhire

Simple,

Brentwood, Effex
Colchefter, Ditto

Dog and Duck,nearLondon
Kenfington, Ditto

‘Kilburn, Ditto

Llandrindod, South Wales
Pancras, near London
Richmcnd, Surrey
Sedlitz, Germany

- Sydenham, near London

Tewkibury, Gloucefterfh,

(c) Adikalive falt abounding.,
Tilbury, Effex

Clifton, Oxfordfhire
Glaftonbury, Somerfetfhire

| St.Bartholomew, near Cork

Streatham, Surrey

Divistiox 11.  Highly carbonated alkaline.
Seltzer, Germany,
Tonftein, Ditto.
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Crass IV. SULPHUREOUS WATERS.

————

Division 1.

Cold.

(a) with purging Salis.

: Hm*ra*:uga!é, Yorkfhire
- Aghaloo, Ireland
Afhwood, Ditto
Afkeron, Yorkfhire
“Bilton, Ditto
Broughton, Ditto
Buglawton, Chefhire
Cawley, Derbyfhire
Chadlington, Oxfordfhire
Codfalwood, Staffordfhire
Crickle Spaw, Lancafhire
Croft, Yorkfhire
Cunley-houfe, Lancafhire
Derrindaff, Ireland |
Durr};]mnce, Ditto
Derrylefter, Ditto
Drumafnave, Ditto
Drumgoon, Ditto
Durham, near to

|

Keddleftone, Derbylhire
Killafher, Ireland
Lifbeak, Ditto
Maudefley, Lancathire
Mechan, Ireland
Normanby, Yorkfhire
Owen Breun, Ireland
Laonfbury, Yorkfhire
Pettigoe, Ireland
Queen Camel, Somerfet{h,
Shapmore, Weltmoreland

i Shettlewood, Derbythire
Shipton, Yorkfhire

Sutton-bog, Oxfordfhire
Swadlingbar, Ireland
Upminfter, Effex
Wardrew, Northumberland
Wigglefworth, Yorkfhire

(b) awithout purging Salts,

Maffat, Scotland
- Carftarphin, Ditto

Llandrindod, South Wales

[ Nottingten, Dorfetfhire
-M 2
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Divistex 11. Hoat.

Aix la Chapelle, Germany
Baden, Ditto

Bareges, France

Borfet, Germany
Mont d’Or, France

PO Ty -

T el i
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ESSAY XXI.
ARTIFICIAL MINERAL WATERS,

T 1 E natural mineral waters have been fo repeat-
edly and ably fubmitted to chymical inveftigation,
that we poflefs now a very accurate analyfis of all
that are 1mportant.

This knowledge of their compofition has en-
abled us to imitate moft of them, and thus to dit-
fufe more generally the benefits that fuch waters
afford.

Thofe waters that contain only folid ingredients
are very eafily imitated. Such as contain gafeous
fubftances, requirec more contrivance, and fome of
them are only to be exaftly imitated by very complex
and intricate procefles.

This point, however, has been attained ; and the
artificial waters of Paul, Scheppe, and of Mr., Wil-

liam Henry of Manchefter, may be depended upon.

as very accurate imitations, and as poflefling all the
medical virtues of the natural waters.

Thole of the laft gentleman I can more parti-
cularly recommend from my knowledge of his
very intimate _acquaiutance with all chymical fub-
jetts, and his wonted accuracy in experiment ; and
likewife from my knowing him to have laboured of

M 3
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late with peculiar afliduity in this particular branch
of the {cience. <
Our acquaintance with the compofition and
medical qualities of the natural waters gives us an
opportunity of forming artificial ones,. that differ
from them in both particulars; and, by leaving out
the more 1nert materials, to form waters more fimple
than the natural ones, and yet pnﬂ'eﬂing the fame
properties as medicines. |
It i1s only fuch as can be eafily made, that I
fhall here enumerate and defcribe; and, for thefe,
the only apparatus, that is required, is that in- .
vented by Dr. Nooth, and known by the name of
Nooth’s apparatus for making the artificial mineral
waters. '

L. rassnly Si'mp.-’.e Waters. |

Should the cold fimple waters, as the Malvern,
be required to be imitated, common rain water 1.
fhould be deprived of its chalk by boiling, and
rendered flill purer by diftillation. This water
fhould then be expofed to the air, that it may d
abforb a portion of common air, which boiling ;
has deprived it of, and which the Malvern water :
always holds in folution. It will now only differ
in holding perﬁaps more felenitethan Malvern water
does; but this will be very trifling, if rain or {now
water has been ufed.

R m—

-1
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The fame water heated to 66° will refemble. Mar-
iack, and heated to 82° Buxton water.

To form Briflal water, impregnate diftilled watr:r
with fixed air, by means of Nooth's apparatus®,
and add to a wine gallon feven grains of muri«
ated magnefia, four of common falt, and eleven
of Glauber’s falt. This imitation will be tolerably
accurate, and when heated to 74° will pollefs the
fame properties ‘as the natural water when, frefh
drawn.

- To heat this and ﬁmllar waters for drink, immerfe
a bottle of it, well corked, into hot water,  till*it

has acquired the proper heat, which may eafily be
learnt after a few trials.

Crass I1.  Chalybeate waters. -

This is by far the moft extenflive clafs, and
contains the gréateft variety. To imitate 'the
{imple cold carbonated chalybeates, {uch as that
of Tunbridge, and a long lift of others that follow
it in the preceding table, "impregnate diftilled or
even common pump -water with fixed air, but not
fo much as for the Briftol water, and fufpend a
drachm of iron wire, or iron filings, in the middle
vellel of the apparatus. The more fixed air is
abforbed by the water, and the longer it remains
before it is drawn off, the more iron it will dif

* Vide Page 131.
M 4
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folve, and the more ftrongly chalybeate it will
prove. :

The highly carbonated, as Spa, and Pyrmont,
contain much more air and ron. To imitate the
firlt, nfe rain water, and for the latter a very
hard water. To the firtfl; add nine gramns of
magnefia and three of foda to each quart; to the
latter, one {cruple of magnefia, eleven grains of
Epfom falt, and three of common f{alt, and allow
them to abforb more of the fixed air than the
common chalybeates, particularly for the Pyrmont
water.

To imitate the Bath water precifely would be
difficult, and perhaps in the prefent ftate of chy-
miftry impoflible, as it contains the filiceous
“earth in folution, which 1s generally conlidered as
“infoluble. _

Common water very flightly impregnated with
iron and fixed air (not fo much fo as to fparkle)
when heated to 116° will not differ much 1n its
medical qualities from Bath water. _

The faline carbonatad . chalybeate  waters may
be pretty nearly imitated, as the Cheltenham and
Scarborough, by adding more falts to the common
chalybeates. To cach quart, for the fu:}r:m:r,‘L
add a drachm of Glauber’s falt, and a drachm ot
Epfom falt; and, to be mare accurate, impreg-
nate it very {lightly with fulphureous gas, as
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will be direfted prefently for the fulphureous
waters. _

To imitate the Scarborough add only one third
as much falts, ufe a harder water, and omit the
{fulphureous impregnation. The hot faline highl}rr
carbonated chéllybca;.tﬂ, as Vichy and Carifbad, are
imitated by impregnating water ftrongly with fix-
ed air, flightly with iron, and then adding to each
pint, of Glauber's falt two f{eruples, common falt
five grains, and mild foda 11 or 12 grams. The
~water 1s then to be hLeated to a fufhcient tempera-
ture for wufe; the mnatural waters being .too
hot either for bathing or drinking when frefh
“drawn.

The witrislated chalybeates are imitated by adding
more or lefs of green vitriol, and a fmall portion of
alum, to common water.

For an accurate mmitation of the Harifell wa-
ter, firlt impregnate a very pure water flightly with
ron and fixed air m the common way, and to a
quart of this water add a fcruple of green vitriol,
and three gramns of alum.

Crass III. Saline waters.

The limple {vline waters are imitated by adding
fome of the purging falts to a tolerably pure
water. ;

For artificial fea water, add half an ounce of
common falt, and a drachin of muriate of magnefia;

M 35
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to a pint of water. For Epfom water, diffolve a

- drachm of Epfom falt, and a few grains of muriate

of magnefia, in each pint; and for Sedlitz water,
add of Epfom falt five drachms, magnefia five
grains, and of muriate of magnefia nine grains.

* Other faline waters contain small quantities of
common falt with the Epfom or Glauber’s falt,
or both; but, as in virtues they are nearly if not
altogether fimilar, it 1s needlefs to defcribe
them..

The  highly carbonated alkaline waters are more
difficult = of 1mitation; and whoever requires
good Seltzer or foda water, had better apply to
the noted venders of them, than attempt an imi-
tation. .

- To a pint of clear water, add five grains of
magnefia, four grains of foda,  and 17 grains of
common falt ; then 1mpregnate with as much fixed
air as poflible, and the more air you make it 1m-
bibe, the nearer will it be in quality to the Seltzer

water.

Crass IV. Sulpburcous waters.

The fulphureous quality of thefe waters de-
pends upon  the prefence of inflammable air hold-

* tg {ulphur in folution; and to impregnate water

with this fulphurated, or hepatic gas, the fanie ap-

paratus and fame prucefa are required as for impreg-

nating it with fixed air; with this difference, that
1

.
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liver of {ulphur muft be fubftituted for chalk or

marble. -

Liver of fulphur is made by mixing equal paris
of {ulphur and of potalh or quicklime, placing
the mixture in an unglazed difh over a gentle fire,
and flirring it till it forms a uniform blood-red

¥ !

mafs. ;
Some of the chalybeaté waters are flightly ful-
phureous, as we before mentioned; to imitate which
fome liver of {ulphur muft be added to the chalk in
the bottom veflel...
~To imitate the true Sulphuresus waters; only -
liver of fulphur and the vitriolic acid are to be put
into the bottom veflel; and the neceflary falts,
without 1ron, into the middle one. Moft of the
fulphureous waters contain {fo much faline matter’
as to prove purgative, of which Harrowgate water
is the moft noted. . To imitate this you muflt ‘add
to each quart 2% -drachms of common falt, 22
grains of muriate of. magnefia, and 27 grains of

Eplom falt. .

Of thofe fulphureous waters, that are not purga-
tive, the -Msffar water ftands firlt; which is very
nearly imitated by adding 8 grains of common falt
to a quart of the {ulphurated water.

The artificial fulphureous and chalybeate wa- -
ters, made according to .the above direftions, "
cannot be expeéted to. be accurate imitations, .

becaufe 1t 1s difhicult: to appreciate the quantity
M 6 |
|
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of fulphurﬁted gas 1n the latter, or fixed air and iron
in the former, that the water may have abforbed.
They will however be found to poflefs the dif-
tinguifhing properties, and perhaps all the medical
virtues, ol the natural waters.
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ESSAY X XII.
ON THE RED WELL AT WELLINGBOROUGIL.

WELLINGBOROUGII is fuppofed by fome to be
the fame with Wendlynburc, mentioned by Ingul-
phus as one of the many towns deftroyed by the
Danes; but by others it 1s fuppofed to be a town
of more modern date, deriving its name from the
well, which we are about to treat of, the waters of
which had formerly obtained very great celebrity

for their medicinal virtues in the cure ot a variety

of complaints. Nearly two centuries ago it was in
confiderable repute, being noticed and recommend-
ed by Sir Theodore Mayern, a writer of that time,
and phyfician to King Charles the firft. It is
likewife mentioned by Mr. John Goodyer, and by
Dr. Merret ; "and there 18 a tradition, conflidered as
tolerably authentic, that King Charles the Ficft and
* his Queen relided here in tents ereéted on the hill,
during a whole feafon, tor the benefit of the water.

Amongft the inhabitants it has ftill retained confi-
derable repute, and many of them have occafionally
reforted to its water, and derived confiderable ad-
vantages from the ufe of it,

From thefe circumftances, from an accurateé ana-
lylis of the water, and a comparifon of it with that
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of Tunbridge, and other chalybeates, I believe it
to be a water of confiderable virtues ; and I am in-

duced to publith this account of it in hopes that it

will one da}f recover its . wonted and deferved cele-

brity.

Wellingborough is a well built ﬂnuriﬁﬂng mar-
ket town in Northamptonfhire, ftanding in a dry
fitnation on the fouth fide of a hill; at the bottom -
of which, about a gquarter of a mile from the town, .
ruris the river Nyne, a low hill or rifing ground in-
tervening. , \

Shoemaking and lacemaking are the chief em-
ployments of its inhabitants, the number of whom
by the late calculation ‘appeared to be about three -
thoufand.

The well or {pring, called Red well, is fituated
in a hollow on the top of the hill; on the fouth fide
of which the town 1s built. It is north weft of the -
town, at the diftance of nearly halt a mile,

Its name 1s derived from the ochre or ruft of iron
depofited in.its courfe, which gives a red appear-
ance to the flones, weeds, and other fubfances,
over which the water runs.

The quantity of water that the {pring affords is
very confiderable at all feafons, {ufhciently fo for
all the purpofes it would be required for, were it a$ .
- much reforted to as any of our moft celebrated cha-

lybeates.
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The water has been obferved to flow during very
intenfe frofls; nor am I certain that it has ever
been known to be frozen. .

When frefh drawn the water 1s beautifully clear
~and tranf{parent, but not fparkling like the Seltzer
water. When drunk it has the peculiar inky fla-
vour of all chalybeates, but not.fo intenfely as to
be difagreeable to the tafte.

Its effeéts are to quicken the pulfe, produce a
general glow immediately after being drunk, and to
prove gently aperient, more fo than moft chaly-
beates; befide which, 1t almoft univerfally in-
creafes the quantity of urine.

The continued ufe of the water increafes the ap-
petite, exhilarates the {pirits, improves the firength,
and braces the whole {yftem.

Like all other chalybeates it blackens the faces
of perfons who drink it, which 1s a thing of no im-
portance, but neceffary to be mentioned, and made
known to-the patient, left he1take any groundlefs
alarm.

Ixamined with the proper chymical reagents this
water appears to differ from Tunbridge water in no
refpetts, except that of containing rather a larger.
proportion of earthy ingredients, chiefly chalk (car-
bonat of lime), which being held in folution by the
fixed air is depofited on boiling, and alfo by mere
expofure. The depofition of this matter forms a
calcarcous crult intermixed with the ochre on the
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fides and bottom of the bafin, into which the water
flows.

The other contents of the water are iron, fixed
air, and a {mall quantity of purging falts.

The chalybeate waters fometimes produce nau-
fea and vomiting, or headach and dizzinefs, on be-
ginning a courfe of them ; but thefe {ymiptoms ufu-
ally go off in a few days, particularly if the water
proves aperient, and increafes the flow of urine.

The water very frequently purges pretty brifkly
at firlt, but often after a long ufe produces a cof-
tive habit of body. When this is the cale aperient
medicines thould occafionally be taken.

The difeales, in which the ufle of the Red well
water promiles to be of moft fervice, are indigef-
tion, with its various {ymptoms, and a variety of
complaints peculiar to the female fex.

Of the latter, that debility and pallid countenance, -
liftlefTnefs and averfion to every kind of exercife,
{fo frequent amongit the young, and particularly
thofe of a delicate habit, are more {peedily and cer-
tainly removed by a courfe of thefe waters than by
any other means. '

Thefe waters may likewife be taken with great
profpeét of advantage in all cafes of debility, and
relaxation, from exceflive difcharges ot any kind ;
provided they be not attended with fever, or with
local irritation, or pain,
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Of ftomach complaints, flatulency, an uncertain
and capricious appetite, heartburn, and all the
{fymptoms attendant upon irregular and’ incomplete
digeftion, are fuch as point out the ufe of this clafs
of waters; and whether they proceed from irregula-
rity in diet; habitual {moking or chewing of to-
bacco, which are not unfrequent- caufes; from
long confinement, with want of air and exercife ;
or {rom intenfe application, and continued inclina-
tion of the body, as in writmng, J'eadiﬁg, and many
of the employments of mechanics; the continued’
ufe of this water with regular exercife and mental
relaxation in different amufements, may be had re-
courfe to with fanguine expettations of advantage.

Pattents that are low and hypochondriacal, lan-
guid and inactive, with general relaxation and debi-
lity, and all convalefcents from fevers, or other
complaints, 1n whom the appetite 1s long 1n return-
ing, may likewife expeft benefit from the ufe of
chalybeate waters.

The beft mode of taking the water is to begin
early in the morning with a dofe of half a pint, then
to walk or take other exercife for an hour, and
after that to take another half pint, and to repeat the
dofe a third time an hour or two before dinner.
This plan fhould be continued daily for fix weeks
or two months; and, 1t the complaints are not by
that time removed, after two or three months inter-
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val a fecond courfe fhould be gone through in the
[ame way.

There is no occafion for any preparation previ-
ous to the ufe of the water, unlels the ftomach is
judged to be foul, and then a fingle emetic may
precede its ufe, If the body fhould be coftive dur-
iz-lg the courfe, the water fhould occafionally be

omitted for a day, and a gentle laxative medicine
be given; or a fmall quantity of fome purging falt
may be daily added to the water.




ESSAY XXIII.
ON DYEING.

Tue art of dyeing confifts chiefly of chymical
procefles, and comprifes a valt colle€tion of chy- -
mical experiments. To give a detailed account of
all the complicated operations of the dye-houle
would be tedious, and uninterefting to any but
the praétical dyer. Our intention is only to give
the rationale of the art, and convey fuch general
information, as fhall fatisfy the curlofity of the
general reader, but without qualifying him for the
prattical department of it.

It is neceffary to preface the confideration of
dyeing with fome obfervations on' the {ubftances,
that are to be fubmitted to the operation. Wool,
hair, filk, cotton, hemp, 'and flax, are what are
principally fubjeéted to the dyer’s art.

Of thefe the animal produétions, namely, wool,
hair, and filk, are more eafily dyed than the vege-
table fubftances, cotton, hemp, and flax, becaule
they have a {lronger attiattion for the colouring
particles of the various dyes employed.

The animal fubftances are more eafily injured
by acids and alkalies, which makes it necefllary
to be more careful in the ufe of thele, when dyc-
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ing or preparing for the dye {uch fubftances, vig.
wool, hair, and filk. 5y

Wesl has a natural covering of greafe, which it
is neceflary to deprive it of, before fubmitting it
to the dye. This is done by fcouring it with
warm water, to which is added one fourth of ftale
chamber lie, and by afterwards wathing it in a
fiream of clear water. The wool lofes a great
deal in weight by this operation, often as much
as one fifth of the whole. Befide this cleanfing
it is generally neceffary to boil the wool in a fo-
lution of alum and tartar, before it is dyed. This
however is not requifite for all kinds of dyes; and
then it only needs, after the above cleanfing, to
be walhed in warm water, wrung out, and left
to drain, which indeed is neceflary with every
-other fubftance that we intend to dye.

S:fk 1s naturally covered with a glairy varnifh,
which is perfeftly foluble in water; and the Eu-
ropean {ilk has a yellow colour, which water alone
will not deprive it of; filk, therefore, is always
fcoured with foap and water, previous to dyeing;
and to make it take and retain the colour, 1t is
always alumed, which is done by walhing 1t in a
cold folution of alum in water.

Cotton, which 1s a vegetable produftion, found
enveloping the feeds of certain plants, has ufually
in its natural ftate a lighter or deeper tinge of
yellow, of which it muft be deprived by bleach-
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ing. It muft then be fcoured in an alkaline lie, or
‘in four water, which 1s prepared by mixing bran
‘with water, and {uffering 1t to remain until it fer-
ments, and becomes four. Afterwards, befides
aluming, as with filk, it requires to be wafhed in
a decottion of galls, or other aftringent, as hot as
the operator can well bear it.

Linen, which 1s made either of flax or hemp,
has always a brown colour, of which it muft be
deprived, like cotton, by bleaching, and then
undergoing the fame procels as we have juft de-
{cribed. , |

In the art of dyeing there is a ftep, which is in
almoft all cafes neceflary to be taken previous to
immerfion of the ftuff into the dyeing liquor,
This 1s the application of what 1s termed a mor-
dant, the nature and intention of which I fhall
now endeavour to explain.

In moft cafes it is found neceffary to employ
fomething for the purpofe of making the fluff, to
be dyed, take the colour more readily, and re-
tain it more firmly ; for by merely immerfing the
ftufls into the dyeing liquor, they will feldom take
a .deep dye; and the ftuffs will in almoft every
cale lofe their colour again, by expofure to the
ar, or by walhing in water. The fubftances thus
employed, to give luftre and durability to the
colours, are called mordants. 1

Different mordants are ufed for preparing dif.

il i
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ferent goods, and for preparing the fame for dif-
ferent colouring drugs. Alum is by far the moft
extenfively ufeful, -being always employed in the
printing of linens, and cottons,” which is a fpecies
of dyeing now very much praétifed. For the dyeing
of ik and wool, metallic folutions are more fre-
quently employed as mordants.

The art of printing on cotton and linen depends -
chiefly on the application of the mordant. What 1s
ufed for this purpofe is called the aluminous mor-
dant, being prepared by diffolving three pounds of
alum in a gallon of hot water, then adding a pound
of fugar of lead, ftirring the mixture well at times
for two or three days, and afterwards adding to it
two ounces of potath, and the fame quantity of.
chalk.

The alum and fugar of lead in this preparation
are both decompofed, the fulphuric acid.of the
alom uniting with the lead forms an infoluble
powder, which therefore fubfides to the bottom,

" whillt the vinegar (which is the other conilituent

of fugar of lead) combines with the clay or alumine
of the alum, and remains diffolved in the fluid.

This liguor then 1s not a folution of alum and
{ugar of lead 1n water, but a {olution of acetite
of alumine, that is, a falt compofed .of vinegar

and clay.
This mordant, being thickened with ftarch or

gum, isapplied to the cloth by blocks, or by the
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pencil on thofe parts where the dye 1s afterwards
intended to take, and give the pattern.

It is then dried, and afterward wafhed, to get
out the gum or ftarch, and is now to be immerfed
into the dyeing liquor. The pattern or part, to
which the mordant was applied, has a much deeper
tinge than the reft, when the ftuff is taken out of
the liquor; and after the cloth has been repeatedly
boiled in bran and water, and bleached.in the air,
this 1s the only part that retains the colour.

The ufe of the mordant 1s explained, by fup-
~pofing that the particles of “clay have a ftrong
attration for the particles of the colouring drug,
and that having itfelf penetrated the cloth, it attrats
-and retains there thele colouring particles. To
illuflrate this attraétion or afhnity, diffolve cochineal
in a folution of alum, and then add an alkali, which
will {eparate the clay of the alum from its fulphuric
acid, and caufe it to be precipitated. The clay, as
it falls, attratls and carries with it to the bottom the
colouring particles of the cochineal, the liquor
abeve remaining clear and colourlefs.

Solutions of different metallic falts are frequently
employed as mordants, having a great affinity for
the colouring matter of fome fubftances. They
have a ftronger attraction for animal than for vege-
table ftuffs, and are therefore principally ufed in
dyeing filk and wool.

We: now proceed to the confideration of the

= —— S
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colouring drugs, and the mode of employing them
as dyes for different fubflances. Dr. Bancroft in
treating this fubjeét has divided the colouring drugs
into {ubftantive and adjeftive, the former including
fuch as may be permanently fixed in or upon the
dyed fubftance without the interpofition either of an
eaﬁh}r or metallic mordant, the latter including
thofe which require the aid of a mordant.

Others have divided this part of the fubjeét ac-
cording to the kingdom of nature, which affords the
dyes, treating feparatcly of the animal, 1.Efrctabif:
and mineral colouring drugs.

The divifion we fhall adopt, which is according
to the colours they afford, though perhaps lefs
fcientific, will be more congenial to our plan, as
we mean to treat of the procefles of dyeing, at the
fame time that we particularize the fubftances that
afford the colours.

The three fimple colours are red, }cllﬂw and
blue; all other colours are compounded of thele.
Different fhades or tints of the fame colour are
produced by ufing different drugs, or by varying
| the quantity of colouring particles; or, in the cafe
| of the compound colours, by varying the propor-
tion of the different fimple ones, of which they
are compofed. % G

Reds. We fhall treat of the fimple colours firft,
.and begin with RED. Cochineal, kermes, and gum
lac, amongft the animal produétions; and madder,

[
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archil, carthamus, and Brazil wood, amongft the
vegetables, are the chief fubftances employed as red
dyes; and as they differ in the tint and other pro-
perties, as well as in the manner in which they are
applied, we fhall fay a few words refpeéting each.

Cochineal is a fmall infet brought from Mexico,
where it is found only on one plant, the caétus, or
Indian fig. This is planted for the purpofe; and
the growth of “the infett artificially encouraged. It
1s the principal {fubftance now employed in dyeing
the compound colour of fcarlet; in confidering
-which, the belt mode of ufing cochineal will be
mentioned,

Kermes, a produftion very much of the fume
nature with cochineal, gives a fine red dye to
woollen goods, lefs vivid but more lafting than
that from cochineal. It is not much ufed in the
prefent day, but is fcen frequently in old tapeftry,
where 1t retains nearly its original luftre. Wool
muft be prepared for this dye by boiling in water
with one-fitth of its weight of alum, and half as
much tartar, for two hours, and by being after-
wards left in the fame liquor four or five days; then
being rinfed it is to be dyed in a warm ba#thi. con-
taining about twelve ounces of kermes to each
pound of wool.

Lacca, or gumlac, a produélion of certain infefls,
fomething in its nature like bees-wax, is brought
from the Eaft Indies, in form either of flicklac.

N
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feed’lac, or lomp lac. Tt is:ufed almoft folely for

dyeing what 1s called red Morocco leather.

Madder is chiefly ufed in dyeing linen and cotton
ftuffs red, and by admixture with other fubflances
in dyeing them of other colours. A very beautiful
and lively red is produced by adding ox’s gall to the

madder bath. If the ufual proportion of tartar in
the preparation of the bath, which is from ohe

feventh to one fourth, is much increafed, a deep
and durable cinnamon 1s produced.

Archil is fold in the form of a pafte. It 1s made
by powdering and fteeping in chamber-lie and lime,
either the lichen roccella, or the lichen parellus. The
former called herb, or Canary archil, the latter
ground or Auvergne archil. It gives a beautiful
though fading lilac colour to filks, and is ufed, -
mixed with other dyes, to deepen their fhades and
give a bloom.

Carthamus, a dye made of the blofloms of a plant

-called carthamus tinétorius, cultivated in Spam,
:Egypt, and on 'the coaft of the Levant, is ufed for
giving a poppy red to filk, and in dyemng orange

red, cherry red, rofe, and flelh colour. When
diffolved by an alkali, and precipitated by lemon
juice, apowder is obtained, which, when mixed
with finely pulverized tale, forms that beautiful
pigment rouge.

Brazil weed imparts all its colouring matter to
yrater by beiling; and wool, previoufly alumed,
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is dyed a good red by gently boiling sin this
decottion.

YerLrows. All the fubftances employed  for
dyeing yellow colowm: are vegetable produétions.
The chief are weld, fuftic, arnotta, quercitron
bark, ‘and {fumach.

IVeld is prepared from the refeda lutesla of bota-
nifts. It was very much ufed formerly in dyeing a
yellow, :but is now daily giving way more and more
to the ufe of quercitron bark. If arnotta be added
to the weld bath, a golden or jonquil colour is
produced.

Fuflic 1s the wood of a tree called morus tine-
~foria. According to the quantity employed it gives
a yellow of different fhades, from a lemon to a
reddifh yellow colour.

Arnstta 1s a palle procured frem the feeds of an
American plant called bifa orellana. It gives a
reddith }*eliow,l and is chiefly employed as a ground

colour for other dyes.
 Quercitron bark is got from a {pecies of oak called
quercus pigra. Dr. Bancroft, who firflt introduced
it, has the fole night of importing and felling it.
It contains ten tunes as 111[1_::11 culmu'ing matter as
the fame quantity of weld, and will probably foon
entirely fuperfede the ufe of it.

Sumach, which is the pow dmui root of a plant
of that name, gives a durable yellow to cottons pre-
vioully prepared with the aluminous mordant.

N eg-
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Thiere are many other vegetables which may occa-
{ionally be had recourfe to for dyeing a yellow.,
The faw.wort, dyer’s broom, leaves of the fweet
willow, and the bark of the Lombardy poplar, may
all be ufed for this purpofe. The green outer rind
of the walnut gives to wool a good fawn colour, and
requires no mordant to fix it, though if a mor-
dant be ufed it inproves its luftre.

Brues. The principal blue dyes are from in-

digo,. woad, logwood, and Pruflian blue.
' Indigo 1s prepared by a long and tedious pro-
cels from a plant called indigofera, cultivated both
in America and the Eaft Indies. One part of indigo
diffolved in fix or eight parts of ftrong fulphuric
acid, and afterwards diluted with water, forms the
dye called Saxon blue.

To dye filks with what 1s called Englifh blue,
the filk muit be firlt dyed a light blue, then dipped
in hot water, and walhed 1n a flream, and laftly
immerfed in the bath compofed of indigo diffolved
in fulphuric acid with a fmall quantity of the folu-
tton of tin. And there 1t muft be left till it has
acquired the proper fhade.

Waad is a kind of pafte prepared in this country
by grinding and fermenting the leaves of the ifatis
#infloria, or, as it 1s called in Enghth, the woad
plant. The blue colour which it affords is much
mnferior in luftre, but 13 more permanent than that
from indigo. Thefe two dyes are mixed in forming

i
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the blue vat or bath in which all woollen goods are
dyed blue. - ik

Logwosd, called alfo Campechy or Jamaica wood,
is boiled in water with a little alum, and a little
verdigrife, when employed for dyeing blue; but it
is much more frequently ufed in dyeing blacks and
grays, as will prefently appear.

Pruffian blue is a chymical compound of iron
and a peculiar acid, called Pruffic acid. Both the
mode of obtaining and the mode of ufing this dye
are intricate and complicated ; too much fo to prove
interefting in their detail. -The dye which it affords
is very beautiful and very durable.

Comrounp CorLours., In dyeing, the com-
pound colours are produced fometimes by mixing
the fimple colours in the bath or dyeing liquor, and
fometimes by dyeing the {tuff firft in a bath of one
fimple colour, then in that of another. Scarlet,
green, purple, violet, and black are the compound
colours that I fhall now proceed to notice. -

Searlet is a compound of red and yellow. The
moft common mode of dyeing a bright f{carlet is
by means of the cochineal vat, which is thus
prepared.

In the firft place, diffolve one part of fal ammo-
niac in eight parts of nitric acid, at a temperature
of 30° Falirenheit’s. Then add, by very {mall
portions, one part of tin, and afterwards dilute with
a fourth of its weight of water. This is now a

N 8




ey m—— R B

270 ON DYEING.

nitro-murtate of tin, or folution of tin in aquafortis
and {pirit of falt. '

To make the dyeing liquor, put eighteen ounces
of this folution into a tin boiler, nearly filled with
clear water ; then add ten ounces of tartar, .and fix
of cochineal, and boil the mixture.

The cloth to be dyed is now to be immerfed,
and the boiling continued till it has reccived a
good colour. By adding a little turmeric, which
1s a yellow dyeing drug, the {carlet is rendered
more lively.: , '

Dottor Bancroft propofes to fubflitute quercitron
bark for the tartar, and fays, that a farther mmprove-
ment in the fcarlet dye is effefled by ufing fulphuric
acid inftead of the nitric acid, or aqua-fortis, in
making the folution of tin.

A good crimfan is produced by boiling the cloth,
dyed as above, in a folution "of alum, or by boil-
ing in alum and tartar firlt, and then dyeing with
cochineal. Silk, that is to be dyed crimfon, fhould
not be thoroughly fcoured, its natural ycllow hue
being favourable to this dye.

Articles firft dyed red with madder, then in a
yellow dye of weld, of quercitron bark,” have a
cinnamon colour. i

When walnut peel is ufed for the yellow, the
refult is a chefnut, mufk, or fnuff colour; all of
which, like fcarlet, are cumpdunds of red and
yellow. Thread and cotton take a cinnamon colour
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when. firft dyed with: verdigrife and weld, then
dipped into a folution of green witriol, afterwards
into a decoétion of galls, and laftly dyed in the
madder bath.

 Green is a compound of blue and yellow.- To .
dye woollens and cottons: of this colour, it is moft
- advifeable to give the blue: colour firft, and then
the yellow. Woad is commonly ufed for the:
former, and weld or quercitron bark for the latter.
But for the Saxon green dye, indigo is. the blue,
and fuftic the yellow, that is. preferred. For very
deep greens 1t 1s neceflary to ufe logwood and green.
vitriol, as in dyeing blacks, -only in {maller quan-

In giving a green dye to f{ilk, the yellow bath is -

firlt: applied; and to deepen the colour, or vary:'
its hue, decottion of logwood; fuftic, or arnotta,
is added to the yellow bath, after the weld has
been taken out. :
- Vidlets, purples, and lilacs, are compﬂunds.of red
and blue.” In dyeing of thefe colours the blue
ground is given firft; which, even for a dark:
purple, fhould not be deeper than a {ky-blue.

Logwood with galls gives feveral fhades of purple
to wool that has' been previoufly dyed blue. Z£ny
ot the red and blue dyes may be ufed for thefe
colours; the feleflion of which, and the determi-
‘ning their proportions for different tints and fhades: |

N 4
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requires a great degree of experience, and a great
deal of nicety in the operator.

Black cannot be confidered a colour, thofe bodies

only appearing black which abforb all.and reflect

none of the prifmatic rays. With refpeét to the
:il}'er’s art, however, it flands upon the fame foot-
ing with any of the colours which we have men.
tioned. .

To dye a black is as proper an expreflion as-fo
dye a blue. By the firft is meant to impregnate
fubftances with fuch particles as fhall make them
capable of abforbing all the prifmatic rays, and
by the laft is meant to impregnate with fuch par-
ticles as fhall enable the fubflance dyed to abforb
all but the blue rays, which being confequently re-
fle€ted, produce on the organ of vifion the fenfation
which we call a blue colour.

To give cloth a good black, it fthould be pre-
vioufly dyed a deep blue, and cleanfed by full-
ing. It 'fhould then be dipped into a decottion
of galls, and a bath of logwood and green vitriol
alternately, feveral times fucceflively, being ex-
pofed for a little time to the air between each
immerfion.

To dye filk black it muft be firlt cleaned by
boilifig with foap, beetling, and wathing it well ;
it is ‘then to be foaked for feveral hours in a
warm  decotion of galls; and laflly immerf{ed

&
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three or four times in the bath of logwood and green
vitriol.

Grays are only fhades of black, and are pro
duced by the fame fubftances ufed in {maller
quantities. '
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ESSAY XXIV.
OF TANNING.

T HE hides or {kins of almoft all animals are con-
verted to fome ufeful purpcufe: The, hair, wool,
or fur of fome is the part employed, in others it
18 the fkin itfelf.

The preparation of the fkins is different accord-
ing to their kinds, and according to their intended
ules.

The {trong hides of oxen are wholly prepared by
the tanner, when intended for the foles of thoes and
boots ; but fuch as are intended for harnels leather, -
and for coach lesther, are afterwards fubmitted to
she currier’s art.

The fkins of horfes, and eof calves, are always
curried, being ufed for the upper leathers of fhoes
and boots ; and the fkins of fheep, deer, dogs, and
fome other animals, are prepared for a variety of

purpofes by the fellmonger and leather-drefler.

"~ The converfion of hides and fkins into leather 1s
always effefted by the procefs of tanning, which
is the art that I now intend to take into confidera-
tien,
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In tanning, the objeft is, to convert the foft and -
porous hide into-a hard compaét f{ubftance, not

cafily putrelcible, -and in a great degree impenetra-
ble to water; in which ftate it 1s called leather.

This obje€t has always been' chiefly effefted by

impregnating the fubftance of the hide with oak

bark or tan, which is done by fuffering the hides to,
remain tmmerfed for a long.time in an infufion of
the bark in water, called by the tanners, ooze.

Different plans have been propofed and adupted
in different tan-yards, for extratting the virtues of
the bark, and for mmpregnating the hides with the
lfame. -f_ xr
The grand objeét to be attempted is.to fave both
bark, and tune ; the latter of which has been chief-
ly attended to byﬁ the new tanners. Before noti,
cing, however, the late improvements, it will be
Tight to give a concife defcription of what is termed
the old mode of tanning, which has been adopted
for many generations with fcarcely any alterations,
and is ftill moft generally followed in this country.

To prepare the fkins for the tan pit, they are firft
walhed, and cleanfed, if poflible in running water ;
the loofe cellular membrane is then cut away, which
part of the procefs is called flefhing. = After this,
the hair is to be taken off, which i 1s called {1ﬂplldliﬂﬂl
and is effeted by different. means by diffigrent, tan-
neys. SR .
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Some do it by laying the fkins'in heaps, and
leaving them together, till a putrefaftion com-
mences, which loofens the hair, and makes it very
ealy to be fcraped off. This plan, however, re-

© quiring great care, left the putrefaétion fhould ad-

vance too far, and injure the fkin, is pretty gene-
rally laid afide as inconvenient.

A fecond mode of effefting tha depilation, is by
immer{ing the fkins for two or three days in lime
water, and then fcraping off the hair, which the
lime has loofened. This plan is almoft always adop-
ted for calf fkins, but for the ftronger hides it is
lefs generally’ approved of, becaufe, it being necel-
fary by wafhing and prefling to extratt all the lime
before the application of the tan, in thefle thick
{kins it becomes a laborious and tedious procefs.

A third mode of depilation 1s by 1mmerfion 1n an
acid’ liquor, namely, the fulphuric acid, or oil of
vitriol, very much diluted, as one pint of acid to
a hundred and twenty gallons of water. After two
or three days immerfion the hair is loofened, and
very eafily fcraped off.

The laft improvement in this part of the bufinefs
is to ule the infufion or ooze, after it is become
exhaufled of its tanning principle, inftead of water,

to dilute the acid wath. .

After depilation there is a pracefs called ra S

‘whigh is often but not conitantly had recourfe to,

with a view of opening the pores, and rendering
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the hide more pervious to the tanning principle.
This is done by fteeping the hides in an alkaline lie,
and then fuffering them to remain ten or twelve
hours in a vat of acid liquor, having twice as much
acid in it, as that recommended for loofening the
hair. '

The hides and fkins prepared in one or other of
the above ways are now to be {ubjetted to the san-
ning, properly fo called.

The ufual mode of doing this is to immerf{e them
in pits or vats containing the oak bark, coarfely
powdered, and a proper quantity of water. It is
neceflary to immerfe them firft in a weaker, then
in<a ftronger ooze, till at laft the fkins are laid in
alternate layers with the bark, and the pits then
filled with water. The hides require twelve,
eighteen, and fometimes twenty-four months im-
merfion, to be fully faturated with the tanning prin-
ciple.

During tlus procefs the hides require what is
termed bandling, to be repeated very frequently at
firft, but not fo often as they are advanced to the
ftronger oozes. This confifts in removing them
from the liquor, expofing them for a fhort time to
the air, and immerfing them again in the pits.

The tan by this means gets more uniformly appli-
ed to the furface of the hide, and any folds or wrin-

kles that are made at one time are fmoothed out at
another,
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But, befides this, I believe handling to have
other efleéts, in confequence of fome chymical ac-
tion of the air and light ; for it is a faét, known te
experienced tanners, that handling' is more ufeful
in a funny day than in cloudy weather, in an expo-

fed fituation than a fheltered one, and much more

fo in warm than in cold weather.

From certain fafls refpeéting the depofition of tan
from an infufion of bark when expofed to the air,
and certainappearances when treated with a folution
of glue in clofe and open veffels, I am inclined to
believe, that the procels of handling is of much
more importance than it 1s generally confidered to
be, and that hides would much fooner take the tan,
if fome eafy means were contrived for expofing
them much more frequently to the air and light; in
the fame way that many dyes are taken much. more
{peedily and effeétually by occafionally removing
the ftuff, and expofing 1t to the air, than if it be al-
lowed to remain conftantly in the dyeing liquor. A
good black cannot be given to cloth without fuch
repeated 'e:-:pof ures. . .

Such is the ufual mode of tanning. Many im-
provements have been propofed, {ome of which we
fhall now notice. Qak bark I have flated as the
{fubftance moft' generally employed, but a variety
of other barks contain the tanning principle; as
that of the afh, the willow, the poplar, the chefnut,
&ec. The barks of thefe trecs may, and have been,
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very advantageoufly employed in certain {itna-
tions. The ufe of oak leaves has been propofed as
a fubftitute for bark ; and, as they would require a
great deal of ftore-room, it has been propofed to
form an extralt from them, to be ufed as required ;
but I know not whether the plan has ever been
adopted.

Dr. Macbride, of Dublin, recommends the ufe of
lime water inftead of plain water for making the
ooze, it being well known that lime water will form
a fironger infufion than plain water from the fame .
quantity of bark. Whether it has been found to
an{wer in tanning, I know not, but believe it to
be very {eldom if ever prattifed.

Mr. Samuel Afhton, of Sheffield, obtained a pa-
tent for a new mode of tanning, in which he pro-
fefles to employ nothing but mineral fubftances.

An Italian has propofed the following deviations
from the eftablifhed mode of tanning. 1ft, To foak
the green hides feparately in running water for a
length of time, fufficient to extraét all the lymph,
which is known by putting a piece of the hide into
water, and gradually heating it ; if no fcum rifes to
the furface, it is a proof that no more lymph re-
mains. 2dly. To immerfe them for one hour in
water, heated to 167° Fahrenheit ; to {crape off the
hair as ufual, and then expofe to a ftream of water
at 167° till the water contains no more animal jelly,
which is. known by evaporating a portion of it,
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gdly. To take off the loofe membraneous parts,
wafth i cold water, and then tan them in an ooze
kept at 167° which has been filtered from the tan or
bark.

The warm ooze has been ufed by feveral tanners
in this country, but is now lefs approved of than at
firft. ,

The moft important improvements in the art of
tanning have been made by a Frenchman of the
name of Seguin, and his plan is known to tanners
of this country under the name of Defmond’s plan.

As thefe improvements are grounded on the chy-
mical qualities of the tan or bark, and on the chy-
mical combination of the tanning principle and the
hide, in the formation of leather, I fhall precede an
account of his plan with a few obfervations upon
thefe points.

When a {olution of green vitriol in water is add-
ed to an infufion or decoction of oak bark, of galls,
of ath bark, or any other of the tanning barks,
it immediately flrikes a black colour; and fuch
fubftances have been confidered more or lefs aftrin-
gent, as the vitriol has caufed a deeper or a fainter
black. All {ubftances poflefling this quality have
been called aftringent; all fuch fubflances have
been confidered as poffefling the tanning - quality ;
and the property of tanning, it has been concluded,
depends upon this aftringent principle ; and hence
it has been haflily inferred, that, in proportion
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as the vitriol ftrikes a blacker colour does the
aftringent fubflance poflefs a ftronger tanning pro-
perty.

Later chymifts, deteéting an acid in thefe aftrin-
gent vegetables, which they 'have called the gallic
acid, or acid of galls, have attributed to this acid the
property of firiking black with vitriol, and have
alfo confidered it as the true tanning principle. -

Thefe opinions are now found to be erroneous.
There are in the barks above [pecified, and in other
vegetables, two diftinét principles; the one ftrik-
ing a black with green vitriol, called gallic acid;
the other tanning or forming leather when combined
with the fubftance of the hide, called properly fan-
nin.

Thefle two principles exift in different proportions
in different fubftances ; and their prefence is eafily
detected feparately, by certain chymical tefls.
The mode of judging of the tanning quality of
any particular bark by the colour produced on add-
Ing green vitriol, 1s theretore very inaccurate.

To detect the tannin or tanning principle in any
Tubftance, add a few drops of the folution of ‘ani-
mal glue (made by diffolving a little common glue
in water over a moderate fire) to a wine glafs tull of
an infufion ot the fubftance to be examined. If
tannin 1s prefent, the liquor becomes turbid, and a
whitifh fubitance talls to the bottom, which is a true
powder of leather, being a compound of tanniit and
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glue, which g-lhue 18 of the fame nature with the

fkin or hide, that by union with tannin forms
leather.

The teft of gallic acid is green vitriol or cop-
peras; which, as I have before ftated, firikes a
black, when added to any fubflance containing the
gallic acid.

Thefe two principles, it is true, very frequently,
perhaps always, exift together; but they exift in
very diflerent proportions in different vegetable pro-
duttions, and are feparable from each other.

The tannin is more foluble, and more eafily’ ex-
trafted from the bark, than the gallic acid.

Pour water upon powdered bark ; after an hour

-draw it off, and pour on freth water; repeating
“this until the water is drawn off quite clear. This

infufion contains tannin as long as it is coloured,
and will caufe a yellowith or whitifh precipitate on
addition of the {olution of glue; but the clear liquor
no longer contains tannin, though it fill contains
the gallic acid, as appears by its turning black when
green copperas is added. |

After thefe obfervations, the direftions of Mr.
Defmond, for adopting Seguin’s mode of tanning,
will be more eafily comprehended. They are briefly
as follows. -

Provide five digefters, having: apertures at bot-
tom; place them near to each other, and elevate
them upon ftillages. Fill them with ground tan,
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and pour water into the firft. After flanding a little
time, draw it off, and pour it on the tan in the fe-
cond; and fo on, till it has pafled them all. When
this liquor, whicl, is called the fanning lixivium, is
drawn off from the firlt digefter, frefh water muft
be poured on, and pafs through all the digefters in
the fame way. After this is repeated {everal tunes,
the liquor no longer depofits a fediment on addition
of the folution of glue, and therefore contains no
more tannin.

What . pafles- after this is to- be kept feparately,
and more water paffed through, until it no longen
mives a black colour with green copperas. This
liquor is called the gallic lixivium, and is ufed in-
ftead of water in the procefls of depilation.

The tan is now completely {pent or exhaufted,
and muft be removed, that its place may be {upplied
by freth. The tan in the other digefters will like-
wife prefently be exhaufted, and require to be re-
placed by frefh in the fame manner.

The tanning lixivium fhould always be fo ftrong; ‘
as to mark from f{ix to eight degrees on the hydro-
meter for {alts; and when, therefore, what paffes
from the laft digefter is of lefs ftrength, it muft be
poured upon the frefh tan in the firft digefler.

The hides and {kins being wathed and flefhed in
the ufual way, are immerfed in a liquor formed of
one ‘part of fulphuric acid to: a thoufand cf.gallic
lixiviam; and the hair is then to be fcraped off. ~
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Raifing is very feldom neceffary ; and the hides,
being wathed and drefled with the round knife, are
fully prepared for tanning.

Firft {teep the fkins or hides for fome hours in a
weak lixivium of only one or two degrees, as that
which runs from the fecond digefter, or fome that
has been already ufed for tanning. Then put them
into aflronger lixivium ; and after a few days renew
the lixivium, which will now be found to be much
weaker than at firft. Let it be renewed as often as
it 18 found neceffary, until the hides are quite tan-
ned, which may be known by cutting off a {mall
piece of the edge. Now remove the leather, and
dry it in a fhady place.

The peculiarity in this mode of tanning is the
ufing a ftrong infufion of the tan feparated from
much of the gallic acid, inftead of immerfing the
hides together with the bark in the tan pits.

The advantage of it is the faving of time, hides
being tanned in this way in fewer weeks than in
months according to the old plan.

Some tanners fay that it requires more bark, and
that the leather is of an inferior quality. Others
deny this, and ailert the contrary.

I believe the chief reafon, why this plan is {o
little adopted in this country, is the uncertainty of
the market. A tanner muft be daily receiving frefh
hides, and fhould therefore be regularly difpefing of
his leather ; otherwile lit lies long upon his hands,

@
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and he lofes in profit. Now in adopting this mode
of tanning, which is fo {peedy, there mult be fea-
fons, when the tanner's ftock muft be immenfe;
and of courfe the capital employed in fuch a trade
muft be at one time very great, whillt at another

he can employ but little.

This inconvenience, added to the prejudices of
old manufaéturers againft all innovations, has re-
tarded the introdution of Delmond’s plan very
confiderably.,
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ESSAY XXV.
OF CU-IIiRYING.

- THE art of the currier conlifts in rendering the
tanned fkins fupple and of uniform denfity; in
giving a proper grain, and in blacking fuch as are
required to be of that colour.

The leather, generally fubmitted to the currier’s
art, is of the thinner fofter kind, as calf, feal, and
dogfkins, horfe-hides, and the lighter cow-hides.

The ftronger hides are almoft folely employed
for making the foles'of boots and fhoes, and fuch
require no preparation after tanning but what is
effetted by the fhoemakers, after they are cut up
into pieces fit for ufe.

Such, however, as are intended for coach and
harnefs leather, are prepared by the currier; and
hog-hides, of which the feats of faddles are ufually
made, likewife undergo part of the procefs of
currying. : :

After the face and ends of the fhanks have been
cut off, if not previoufly done by the tanner, the
currier commences his bufinefs by foaking the {kins
in water, till they are completely wetted througl.
They are then taken out, and after draining are
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placed upon fhort flatfided pofts, called beams, to
undergo what is termed the, fhaving.

The workman ftanding behind the beam, fhaves

.ot cuts off the loofe cellular membrane from the
fleth fide of the fkin with a round-edged knife,
having a double handle, and worked with both
hands. The knife is firlt carried lengthways, and
then acrofs the fkin, from the back to the belly;
and by this procefs the different parts are brought
to a more equal fubftance.

The {kins, thus fhaved, are again immerfed in
water, till they are well foaked, and are then brought
out to be froured.

The feouring is generally, and ought always to

e, performed at twice; the ﬁ'rﬁ part of the pro-
cels being called water feouring, and the latter
Sleeking.

For this purpofe the f{kin is {tretched out upon a
marble or {tone flab, and the water {couring confiils
in prefling along it with a thin blunt-edged ftone,
fixed into a wooden handle, or with a lump of
pumice ftone; and in occalionally fcouring it with
a hard brufk dipped in water.

The {kin being again foaked in clean water, is
taken out and f{leeked ; which {leeking is done pre-
cifely in the fame manner as the water {couring,
except that a blunt-edged iron inftrument, fixed
into a wooden handle, and which is called a {lecker,

-1s [ubflituted for that of ftone.
o
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The objeét of the fcouring.is to extralt all the
lime, and other filth, that the leather had acquired
in tanning ; and the ufe of the flecker, that is em-
ployed laft, 1s to force out all the water, extend the
fkin, and obliterate the natural grain. The more
the fkin is extended, the finer grain will it after-
wards aflume. :

The next part of the procefs is to impregnate the
leather with oil, which renders it fupple, and in a

great meafure impervious to water.

The fkins for this purpofe fhould only be half -
dried; and therefore in general, when {coured, they
are laid in heaps till wanted. But fometimes, for
the fake of difpatch, they are hung up feparately in
the fheds to undergo this partial drying ; and this
is called by the workmen famming.

To impregnate them with oil, or as the work-
men term it, ffuff them, they are laid out upon
tables, and firft the grain fide of the leather is rub-
bed over with a mixture of cod oil, and an oil ob-
tained from the leather dreffers, called fod oil.
Then the flefh fide is rubbed over with a larger
quantity of a mixture of fod oil and tallow, with

-only fo much cod oil as will render it of a propes

eonfiftence to be eafily fpread upon the leather.
When the fkins are thus ftuffed, they are again
hung up feparately in airy fheds to dry; but before
they become quite dry, they are taken down and
Jfet; 1. e. they are ftretched out upon a table, and
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the neck and other coarfe parts are prefled with a
ftone, fimilar to that ufed in fcouring, with a view"
~of extending them, taking out all wrinkles, and
obliterating what may remain of the natural grain.
They are then hung up again to be thoroughly dried,
either in the fheds, or in ftoves, according to the
weather. If fhed-dried they require to be expofed
laft of all to the funthine.

The procefs of currying,. as far as we. have now -
delcribed it, is termed by the workmen the putting
otil. ; _

It now remains to render the leather more fup-
ple and pliable, to give it a grain, and to blacken
it, if required. This part of the bufinefs 1s called!
the making up. .

The dried fkin is faid upon a large board with:
the grain fide upwards, and being doubled is rol-
led with confiderable preflure upon the fleth fide-
firft, and afterwards upon the grain, with a flated
board, faftened to the operator’s hand by a ftrop.
Fhis rolling is done in the direttion frem the hinder:
fhank to the cheek each way.

To take off the greale, that remains on the fur-.
face of the leather, the flefh fide is gone over with"
a fharp {leeker, and the grain rubbed with tow and:
the finer fhavings called whitenings.. To complete*
this objett, the flefh fide is {lightly fhaved with a'
fine-edged knife, which is called the whitening, and.
the grain 1s very highly flecked. .

0.
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Lo give a gran to the leather, it is now rolled
the flefh Nide with a much finer fluted board

ther bolore, and with greater exaétnefs.
The blacking, which is the only part of the
bufince: thar remams to be delcribed, 1s perform-

ed very diliciently on the different fides. Leather,
that i1s to be blackened on the fleth fide, which is

- the cale with moft of the finer leather for fhoes

and boots, 1s blackened with lamp-black; and
what 1s blackened on the grain fide, receives that
colour from the application of copperas or green
vitriol. _

For the firft kind a mixture of lamp-black, cod
o1l and - allow, with a fmall quantity of the water
in which the leather was foaked previoufly to the
{having, is rubbed into the flefh fide with a round
brufh,  and it is then brufhed over with ftrong fize

" and tallow.

When this has dried, it is fleeked with a round
fmooth-edged glafs flecker, and 1s laftly wafhed
over with a weak fize, to fix the colour.

The leather that is to be blackened on the grain
fide, after being fhaved and fcoured as ufual, is
brufhed over with chamberlie, and then with a
folution of green copperas. To prevent its ftriking
too deep, it is then walhed with water, and {leeked
out.
| It is now to be ftuffed as the other leather, but
with a lefs proportion of tallow, and more fod oil.
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"This fhould be done as foon as it conveniently can,
lelt the copperas (hould injure the leather.

When it has imbibed the oil, it is not expofed
to the fun, but taken down, ftoned quite {mooth,
and again wathed with the folution of copperas,
till quite black.

If any artificial grain is wanted, it 1S NOwW 1m-
printed with a piece of the dried {kin of the dog-
fith. If the natural grain is withed for, the {kin
is rolled with a very fine fluted board upon the flefh
fide in two or three direftions, and laftly upon the
grain with one ftill finer.

The leather is now hung up to dry, either in
the fun, or by the {toves, and when dried is whiten-
ed, but not with the fame care that the other kind
requires. ' |

Atter whitening, 1t 1s again rolled with the fine
fluted board, and the procefs is finifhed by rubbing
11t over with a fmall quantity of cod oil and tallow.

In blacking the leather in this way, the copperas
;alts the fame, as when 1t is added to an infulion of
|bark or tan, which is immediately turned black
by 1t. :

THE EN D.

Printed by Byeand Law, St. Jolin' Squaie, Clerkenwell,



g

Juft Publifbed; )
‘i.; IN THREE VOLUMES OCTAVO,
II Price 24s, in Boards,
! A
: | | {5 (] A S il & 8 T
. | OF THE .

‘ I. - PROGRESS AND PRESENT STATE .
ANIMAL CHYMISTRY.

I W. B. JOHNSON, M.B.

PRINTED FOR ], JOHNSON, IN ST. PAUL'S CHURCH-YARDs&












iy

2 ..mn._.__.mn_-...
Y

A ﬁﬁ; o
s N2 % Ay

._ PRy
. { ..w.,.w..... o 4
A :MH»&W %ﬁwﬁ.ﬁr! 7




