THE BOOK WAS
DRENCHED



UNIVERSAL
LIBRARY

OU_164148

AdVvVddl T
1VSHIAINN






OSMANIA UNIVERSITY LIBRARY
Call No. 570 /.5 » & RaesionNo, |7 Y
Author ] m ”, (c / . ’
R N

This book should be returned on or before the date last marked below,






CHEMISTRY
IN AMERICA









ROBERT HARE




CHEMISTRY
IN AMERICA

CHAPTERS FROM THE HISTORY OF
THE SCIENCE IN THE UNITED STATES

BY
EDGAR F. SMITH

BLANCHARD PROFESSOR OF CHEMISTRY

ILLUSTRATED

D. APPLETON AND COMPANY
NEW YORK AND LONDON
' MCMXITV



CorrriGHT, 1914, BY
D. APPLETON AND COMPANY

Printed in the United States of America



THIS BOOK IS
AFFECTIONATELY DEDICATED
TO MY STUDENTS






PREFACE

The writer has lectured for several years to his grad-
uate students on the development of Chemistry in the
United States. A mass of material has been collected,
most of which is not only interesting but valuable. Re-
peated requests have been made for the publication of
these facts as a history of chemistry in the United States.
T(; the writer’s mind the information in his possession
is not sufficiently complete to warrant such an important
undertaking. The ecarliest endeavors of our country’s
scientists require even more careful and extended search-
ing out.

Three addresses, delivered before the Chemical Society
of Philadelphia, are included in the material collected by
the author. These exhibit an earnest interest in chemis-
try in the carly days of the Republie, and show, also, that
despite unfavorable conditions our forefathers were eager
to cultivate the science that promised so much for their
country. Another proof of the genuine appreciation of
the value of chemistry is evidenced by the founding of
two Chemical Societies before a similar movement had
been initiated anywhere else in the world. Minutes of
these organizations have not been discovered. If found,
they would surely contain most valuable information.

Other papers, written during these early years, are even
vij



PREFACE

now most difficult to procure, and as time passes will
become more inaccessible.

These ‘‘Chapters’’ are submitted, then, that chemists of
to-day may have, in easily accessible form, copies, at least, of
some of the real treasures of our science, and with the hope
that through them they may be stimulated to search for
other, still hidden, documents of equal or of greater
value. And, as incentives to the highest endeavors, there
have been included brief sketches of the life histories of
such men as Wolcott Gibbs, F. A. Genth, J. Lawrence
Smith, Lea, Cooke, Willard Gibbs and others who have
enriched the science of chemistry in this country, and
whose names are still familiar to the student.

This compilation of chemical achievement in the United
States has brought to the writer great joy, and a fund of
helpful information, which he earnestly wishes may be
shared by all who chance to read these pages.

In conclusion, the author’s sincere thanks are extended
to all persons and socicties whose letters, books and docu-
ments have been drawn upon and used in this labor of
love. He also gratefully acknowledges his indebtedness
to his colleague—Professor Walter T. Taggart—for pre-
paring the illustrations, which have been so successfully
copied from old prints and photographs.

viii
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CHEMISTRY IN AMERICA

CHAPTER 1

REVIEW of the contributions of Americans to the

Science of Chemistry would be incomplete without
a consideration of the publications made in the earliest
days in which scientific matters began to interest the people
of our country. Before the United States became a re-
public, interest in such matters was manifested. The
members of the venerable American Philosophical Society
were most anxious to foster investigations along all lines
of scientific endeavor. This is evidenced in a preface to
the first volume of the Transactions of that Society, pub-
lished in 1789, in which the aims of the Society were set
forth—to seek the best methods of promoting the fertility
of land and of protecting trees and plants from worms
and insects, to improve useful animals, to preserve tim-
ber, and to ascertain the virtues and use of many plants;
and, further, the Society expressly states that it will not
confine its efforts wholly to these things, nor will it ex-
clude other useful subjects such as Physics and Chemistry.
‘“It is believed that the study of natural objects would
have a tendency to inspire our youth with a love of knowl-
edge, draw them gently from scenes of dissipation, and
animate them with a laudable desire of distinguishing
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CHEMISTRY IN AMERICA

themselves in the arts and sciences, by making useful dis-
coveries that would honor them and promote the interests
of the country.’’ It is not surprising, then, that the earli-
est chemical contribution from this country, bearing the
date September 10, 1768, appears on the pages of the
Transactions of this Society under the title, ‘“An Analy-
sis of the Chalybeate Waters of Bristol in Pennsylvarfia,”
by Dr. John de Normandie, in which the author remarks
that ‘“‘although it must be confessed that a chymical analy-
sis is, in some measure, an uncertain test of the medical
virtues of any compound; and that the qualities of its
constituent parts, when separated, may not only differ
from, but are sometimes opposite to, those of the mixture;
yet, when we want the testimony of experience, a chymi-
cal analysis is the best means of investigating the truth.’’
He then proceeds to describe his experiences in the analy-
sis of the water:

Experiment I. A small portion of white oak bark, in-
fused in the waters, induced an immediate change from
transparency to a dark purple colour, which it retained
twenty-four hours, without depositing any sediment.

II. Some of the same water, after being made hot, or
exposed for a few hours to the open air, in a great measure
lost its irony taste, and received no other colour than a
common tincture from the white oak bark.

III. One drop of strong oil of vitriol, in two ounces of
the water, produced no sensible alteration; and the water
after standing some time continues transparent, without
depositing any okerish or other sediment to the sides or
bottom.

IV. OL tart. pr. deliq. dropt in some of the same water,
induced a change in the colour, rendering it somewhat

2
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yellow; and in time precipitated to the bottom of the cup a
fine gold coloured oker.

V. Sixteen ounces avoirdupois, carefully evaporated to
a dryness in a China bowl in B. M. left one grain of a yel-
lowish brown powder of the taste of tart. tartariz.

VI. Linen, moistened with the scum floating on the top
of the spring, is tinged with a strong iron mold.

VII. This water in weight is exactly the same as that of
rain water.

It is evident from these experiments that Dr. de Nor-
mandie had recourse to the use of the balance. What con-
clusion did the author draw from his investigations? He
writes: ‘‘It is sufficiently evident that this water, in its
natural state, contains a large portion of iron dissolved in
pure water by means of an acid, which acid is extremely
volatile, and probably of the vitriolic kind.’’

In a communication bearing a later date than the pre-
ceding, but published in the same Transactions, he adds
some additional facts concerning the same water:

I. Upon the addition of Sp. Sal. Arom. to the water a
slight effervescence ensued, and upon standing about an
hour, a light yellow matter was separated and floated upon
the top of the liquor.

IT. From a mixture of lime water, the same separation
was made, but fell to the bottom of the liquor.

III. Powder’d chalk added to the water produced the
same separation, but not in so short a time as in the pre-
ceding experiments.

IV. The residuum, after a slight calcination, was
strongly attracted by the magnet.

V. A solution of crude Sal. Ammon. being mixed with
the water, was succeeded by the same appearance as the
addition of lime water.

3
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VI. The residuum after evaporation in Baln. Mar. be-
fore calcination, discovered to the taste a considerable
portion of salt, which left a coldness on the tongue, and
when separated by solution, filtration and evaporation,
appeared of the colour of salt of amber, and shot into
right angled erystals, which through a microscope ap-
peared beautifully feathered; and from every experiment
was found perfectly neutral.

VII. Silver immersed for some time in the water aec-
quired a slight yellow colour.

VIII. The residuum thrown on a red hot iron sparkled
very much, and emitted a sulphureous smell, what re-
mained on the iron had not the least perceptible taste of
salt.

IX. The waters, and the solution of the ecrystallized
salt, changed syrup of violets to a fine light green.

The first four of these experiments, in which the waters
were decomposed as well by a volatile alkali, as by lime
water, and an absorbent earth, and the residuum (after
a slight calcination) being attracted by the magnet, evi-
dently prove that they are impregnated with a considera-
ble portion of iron.

The fifth experiment (in which a decomposition takes
place by means of a double elective attraction) shews that
the acid in these waters has a stronger affinity with alka-
lies than that which is the basis of Sal. Ammoniac (which
is the marine acid), and must be either the nitrous or
vitriolie. And from a decomposition taking place, on the
addition of common nitre with the Chalybeate waters, in
about the same time as when left exposed in the open air,
we may rationally conclude the acid to be of the vitriolic
kind.

The sixth experiment shews that there is a small portion
of neutral salts in these waters, which from the coldness
with which they affect the tongue, and the appearance of
the crystals, are probably of the ammoniacal kind. .
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The seventh and eighth experiments together with the
smell of the bath and the considerable odour which the
waters acquire when kept for any time, evidently shew that
they contain a third principle, which is sulphur. This,
indeed (as well as the salt), is in a small quantity, yet
it may contribute somewhat to the medicinal virtues of
these springs.

The ninth experiment seems to prove them to tend rather
to an alkaline nature, but as this was in a very trifling de-
gree, it may be accounted for from the escape of the acid
which is extremely volatile.

These experiments compared with those I have already
communicated to you sufficiently discover the constituent
parts of these waters.

Somewhat later, in the second volume of the Transaec-
tions of the Philosophical Society, appeared a letter from
J. Madison, Esq., to the astronomer, Rittenhouse, record-
ing certain experiments ‘‘upon what are commonly called
the Sweet Springs.”’

Experiment I. Having plunged a very sensible mer-
curial thermometer in the spring, it stood at 73°. The tem-
perature of the air was about 69°.

II. A good hydromecter sunk one-twenticth of an inch
deeper in common mountain water than in the spring.

III. Nut-galls mixed with the water in a wine glass
struck a palish brown, which shewed that there was little
or no iron in it.

IV. Violets, mixed with the water in a wine glass,
turned it in a short time of a reddish colour. This was
a proof that the waters contained some kind of an acid.

V. Having made a solution of silver in the nitrous acid,
and mixed a little of it with the water, it immediately
became milky, and a white pulverulent precipitate ensued.
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The experiment shewed, by the whiteness of the precipi-
tate, that the waters contained nothing sulphureous, and
by the pulverulency of the precipitate that the acid con-
tained in the waters was vitriolie.

VI. A solution of lead in the nitrous acid being mixed
with the water, it becomes somewhat milky, and a white
precipitate was observed. This expcriment also shews
that the waters contain an acid, most probably the vitri-
olic, and also that they contain calcareous earth. Soap
is not readily miscible with them.

VII. A solution of saccharum saturni in the nitrous acid
being made, and lines marked upon paper with it, and
placed over the water, the lines retained their former col-
our. This experiment also shews that the water contains
nothing sulphureous.

VIII. Having poured a little of the spirit of salt into the
water, after some time a coloured precipitate was observed,
but as the waters did not strike a green or blue colour, it
shewed that there was no copper in them.

IX. A solution of vitriol of copper mixed with the water
produced a thick, green, curdly appearance, but did not
become bluer. This experiment shewed that there was no
vol. alkali contained in them.

X. The vitriolic acid mixed with the water suddenly
effervesced, and produced a heat which raised the ther-
mometer from 75° to 83°, by applying the bulb to the out-
side of the glass.

As the spring is continually discharging large bubbles
of air, which rising from the bottom break upon the sur-
face of the water, I was desirous of making some experi-
ments upon the air, in order to determine whether the
acidity of the water might not be owing to it; and also to
determine the nature of the air, whether fixed or not. Hav-
ing therefore caught a quantity of the air in a decanter,
I communicated a part of it to an equal bulk of pure moun-
tain water, and after agitating them for some time, gave
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t to several to taste; who agreed that it had the taste of
he spring water. Upon a second trial this experiment did
10t succeed. I had not an opportunity of trying the na-
ure of the air by means of chalk-water, and was pre-
rented from prosecuting any farther inquiries into the
1ature of these celebrated waters by a sudden alarm, to
vhich the frontiers were then continually exposed.

These waters have been falsely called sweet, for their
aste is evidently acidulous. The experiments also shew
hat they contain an acid. Their taste resembles exactly
hat of waters artificially impregnated with fixed air, ex-
ricated from chalk, by means of the vitriolic acid, and I
songeive must be nearly the same with the true Pyrmont
vater. They have little or no smell, do not form an in-
rustation, nor do they leave a deposit upon standing many
iours. Upon bathing in the morning, the skin has a soapy
tind of feel. This was not observed in the evening.

There is near this spring another, a very strong chaly-
reate.

In 1789, Dr. Robert M’Causlin communicated ‘‘An Ac-
ount of an Earthy Substance found near the Falls of
Viagara and vulgarly called the Spray of the Falls,”’ which
ontains the following record of experiments:

Experiment 1. I put an opaque piece, weighing 14
rains, into the vitriolic acid diluted with three times its
uantity of water; and let it remain there twenty-four
iours, shaking it now and then. Not the least effervescence
nsued, and on taking out the piece it weighed near one
rain more than when.it was put in, although care was
aken to absorb the moisture which was upon its surface.
his experiment was repeated with a shining piece, and
vith exactly the same results.

Exp. 2nd. When put into vinegar it did not produce the

7
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least effervescence. The vinegar having stood upon it some
time was then poured off and spirit of vitriol dropped into
it, yet not the least precipitation ensued.

That I might not be led into error by the vinegar not
being good of its kind, I repeated these experiments with
chalk; and as both effervescence and precipitation took
place it was evident that there was no defect in the
vinegar.

Exp. 3rd. A small piece was exposed to the heat of a
blacksmith’s forge during fifteen hours. Upon taking it out
and pouring water upon it, no ebullition ensued : neverthe-
less it tasted like weak lime water ; being then divided into
two portions, a solution of mild fixed alkali was dropped
into the first, and immediately a precipitation ensued. The
second portion being exposed to the air in a tea-cup soon
contracted a changeable coloured film, which next morning
was become very thick, resembling in every respect that
of lime water.

Exp. 4th. Hot water being poured upon some of these
substances, reduced to powder and the whole suffered to
settle, the clear liquor had not the taste of lime water as
in the third experiment; nevertheless a solution of mild
fixed alkali being dropped into it as copious a precipita-
tion ensued as when the earth had undergone calcination.

As I had ncither the nitrous nor muriatic acids, nor
even caustic fixed alkali, I had it not in my power to make
any trials with them.

From these experiments we may, perhaps, be authorized
to draw the following conclusions:

I. That this concrete is not an alkaline carth, as it is
not affected either by the vitriolic or vegetable acids.

II. We may, with more probability, say that it is a com-
bination of an acid with a calcareous earth, and that it
might with propriety be ranked amongst the selenites.
This supposition is founded upon the following reasons:
1st, it appears from the fourth experiment that it is par-

8
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tially soluble in water, and that its earth can be precipi-
tated by a mild fixed alkali: 2ndly, the third experiment
shews evidently that its earth is of the calcareous kind,
as appears by the styptic taste and changeable coloured
film, agreeing exactly with common lime water. It seems
probable that the vehemence of the fire had in part ex-
pelled the acid, leaving a portion of the mass in the state
of quicklime.—It is well known that most waters are more
or less impregnated with a selenitic matter. It is said
that agitation disposes water to deposit a part of its earth.

It is also agreed that water becomes more pure by being
freed from its earthy parts.

These three considerations, together with the result of
the above experiment, inclined me much to favour an
opinion which universally prevails in this part of the
world, viz.: That the water is purified in coming down
the Falls. They also suggested a thought to me, that this
purification might depend upon the latter depositing part
of its earth in consequence of the violent agitation it had
received in passing over rapids upwards of a mile in
length, and the tumbling down the falls. Such a suppo-
sition received great support from the substance called the
Spray being only found at the bottom of the Falls, which
seemed to show that a deposition did actually take place.
This theory was very plausible, and gave me, at first, much
pleasure in contemplating it: Nevertheless succeeding ob-
scrvations and more strict inquiries have led me to enter-
tain many doubts upon the subject.—That the water is
much better at Niagara, which is about thirteen or fourteen
miles below the Falls, than it is at Fort Schlosser, which
is about a mile and a half above them, is an unquestionable
fact: Nevertheless, I do not think that this can with strict
justice be alone attributed to the deposition of the earthy
parts. There are several low marshy grounds which empty
themselves by small ereeks into the river immediately above
the Falls, and it is reasonable to suppose that such an

9
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impregnation would be more sensibly perceived at its
source than afterwards, when it is mixed and diluted with
the water of the river. To this may be added that at Fort
Erie, about twenty miles above the Falls, the water is
thought not to be inferior to that of Niagara. In the
second place, it occurred to me, that if any considerable
deposition of earth took place, as I had supposed, the spe-
cific gravity of the water below the Falls must be less than
that of the water above. To determine this point,
I weighed a quantity of water at Niagara with all the care
and exactness I was master of, and the very same day
made a journey up to Fort Schlosser, and weighed the
water immediately above the Falls. The specific gravity
was found to be exactly the same. As I conducted this
experiment with all possible caution, measuring the tem-
perature of the water and also that of the room, in which
it was weighed, each time by Fahrenheit’s thermometer, 1
think I can depend upon its being pretty accurate. In
inquiring into the formation of this substance called the
Spray, it must be observed: 1st, that the rocks near the
Falls are kept constantly wet by the vapour which rises
in form of a thick mist; and even those at a distance of a
quarter of a mile, or more, are affected by it, when the
wind blows down the river; 2ndly, that these rocks, either
from the nature of their structure, or from the circum-
stance of their being kept constantly wet; or perhaps from
the Spray accumulating between their layers, and acting
as a wedge, are very apt to crack and split; and hence
are almost constantly tumbling down in larger or smaller
pieces; 3rdly, that upon separating the layers of these
rocks there is generally more or less of this substance
called Spray found between them and almost universally
in a soft state. From the best inquiries I have been able
to make, during a residence of many years, this substance
is never found above the Falls, perhaps never at a much
greater distance than one mile below them. Close to the

10
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Falls it is found between the layers of most of the rocks,
the quantity lessening in proportion to the distance from
the Falls. Upon comparing all these circumstances to-
gether, it seems probable that this substance is formed
by the moisture arising from the Falls constantly and
slowly filtering between the layers of the rocks, and it seems
very possible that the violent agitation which the water
has undergone may dispose it to part with earth more
easily than it otherwise could do.—The circumstance of
the Spray not being found above the Falls seems to sug-
gest an opinion that that part of the vapour which hangs
upon the surrounding rocks is the heaviest as being most
loaded with earthy particles, whilst the remainder which
mounts up is the purest and contains little or no earth.
The want of proper rocks to filter through and to attract
the earthy particles may likewise be a reason why the
Spray is not found above the Falls, and the specific gravity
of the water which runs down the channel of the river
below the Falls being equal to that above them (which
seems to argue that from want of some attracting body it
had parted with little or none of its earth) favours such
a supposition.

These communications testify to a spirit of inquiry, at
least, on the part of our early devotees to science. They
are, further, interesting in that they show the use of the
balance as early as 1768 and indicate the steps of analysis,
always regarded as of prime importance.



CHAPTER II

ODERN chemistry began when Lavoisier overthrew

the views of Stahl and presented his own anti-
phlogiston theory. It is interesting to note that the thought
of the French School reached this country very early and
there were here those who defended it.

Chief among these was James Woodhouse, who had
founded the Chemical Society of Philadelphia in 1792.
This was the first chemical society in the world. As far
as can be learned, Woodhouse was its first and only presi-
dent. This society lived about seventeen years. Its mem-
bers favored Lavoisier’s doectrine of combustion. The
minutes of the society have never been found, although
diligent search has been made for them. There appear
to have been two classes of membership—regular and
junior. On the title pages of many of the theses offered
by the students of the Medical Department of the Univer-
sity of Pennsylvania will be noticed, after the name of the
author, ‘‘Junior member of the Chemical Society of Phil-
adelphia.”’

Every year an address was delivered before the So-
ciety. If the latter continued seventeen years, there should
be that many addresses, but it is doubtful whether any
person living at the present time has seen more than three
or four of them. As a matter of historical interest, three
will be given in full:
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To ROBERT PATTERSON, A. M.
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SIr:
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INTRODUCTION.

GENTLEMEN OF THE CHEMICAL SOCIETY :

Having been honoured by you with the appointment to
deliver the ANNUAL OraTION, I have, with diffidence, pre-
pared myself to comply with your request. I shall not
attempt to apologize for any imperfections it may contain,
however numerous they may be, as they are the inevita-
ble effects of your choice. But there is one liberty I have
taken, for which I consider myself bound to apologize.

The Resolution, in pursuance of which this oration is
delivered, directs that it shall contain all the discoveries
made in the science of chemistry during the preceding
year. Instead of complying with the letter of this reso-
lution, I have taken the liberty of preparing for you a
sketch of the revolutions wn chemistry. To this I have
been induced from a consideration of the utility and
pleasure that always result from a knowledge of the origin
of our opinions. He who should take up his abode on the
banks of a stream, and quench his thirst from its waters,
could not feel uninterested in a knowledge of its source,
and the course it has run. Knowing over what substances
its waters have passed, he is enabled in some mecasure to
judge of their purity, and is put on his guard against any
bad effects that may be produced by them. Thus, by
knowing the origin of our opinions and the channels
through which they have come to us, we can form a tolera-
ble judgment of what particular prejudices they are most
likely to be biassed by, and be thus put on our guard
against receiving them without the strictest examination.
Such were the reasons which induced me to write, and
which I hope will induce you to pardon me for delivering
before you, A SKETCI1I OF THE REVOLUTIONS IN CHEMISTRY.
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The origin of CHEMISTRY, like the origin of every other
science that early dawned upon mankind, lies buried be-
neath the dark fables of antiquity. The ascription of the
discovery of truths, or the invention of arts, beneficial to
mankind, to supernatural beings, was so general during
those dark ages of ignorance and superstition, that we are
not to wonder that the science of chemistry was supposed
to have had a divine origin.

If musie, poetry, and painting; if the arts of making
wine, raising grain, healing the sick, had their tutelary
deities who were supposed to have taught them to man, if
the Egyptian, when he beheld the Nile, without any ap-
parent cause to him, who was ignorant of its source, peri-
odically overflow its banks, fertilize his land, and then
peaceably retire within its proper limits, supposed it to
descend from heaven, should we not expect that chemistry,
a science to which almost all others owe their birth, would
have been supposed to have been derived from the Gops?
Accordingly we find this to be the prevailing opinion-
among the ancients. But however interesting an investi-
gation of these fables may be to such as imagine them
allegorical accounts of the origin of chemistry, we must
pass them over as the unmeaning offspring of IGNORANCE
and SUPERSTITION.

Were we to endeavor to search out the true origin of
chemistry, we should find ourselves bewildered to little or
no purpose among the multifarious traditions of antiquity;
like the traveller who should in vain attempt to ascertain
the true source of a great river, formed by the union of
a number of small streams, we should after much labour
and disappointment give up the pursuit as one in which
the effect produced would not repay us for the labour
endured.

The Arabians appear to have been the first people who
made any considerable progress in chemistry. For, how-
ever great the extent of knowledge in this science the
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CHEMISTRY IN AMERICA

votaries of antiquity may aseribe to the Egyptians, we
cannot consider them as having made any great progress
in it. It is true they had carried on some of the practical
parts of it, such as the working of metals, imitating
precious stones, and painting on glass, to a considerable
degree of perfection; yet they do not appear to have pos-
sessed any knowledge of its general principles. It was
as yet confined to the forge of the smith and the work-
shop of the lapidary; and they expected their processes to
terminate favourably only because their predecessors, who
perhaps were taught by some happy accident, promised
them success. Their priests, indeed, pretended to exten-
sive knowledge in this as well as in every other science,
but as they have left us no data by which we can judge
of their knowledge, we are led to believe that in these
pretensions, as well as to those in great sanectity, their ob-
ject was merely to gain an ascendeney over weak minds.
The simplest ideas represented by their hieroglyphick char-
acters were converted by the eye of IGNORANCE, who ven-
erates everything she does not understand, into the most
sublime truths. Ilence, arose the ideca that these priests,
who perhaps understood little more than how to delude
a superstitious, ignorant people, were possessed of a knowl-
edge of all the arcana of nature.

Nor need we be surprised that this was the case in
those dark ages, when even in this enlightened century
men are found weak enough to spend their time in the solu-
tion of ancient fables, in search of truths which are only
to be discovered by contemplating the works of nature,
and who have the effrontery to declare that in these puer-
ilities they can easily discern that the ancients were pos-
sessed of a knowledge of almost all that the moderns have
thought themselves the discoverers. So far, indeed, has
this blind attachment to antiquity been carried that it
need not excite your surprise, if some of these fabulous
commentators, more deeply learned than his fellow la-
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CHEMISTRY IN AMERICA

bourers, should, by means of a smoking chalice found on
the pillar of Trajan, transfer from Lavoisier to an Egyp-
tian priest the honour of the pneumatic theory; or, by the
bowl of the sacrifice overflowing with blood, painted on a
Mummy, deprive PrIESTLEY of the honour of the discovery
of the oxigination of the blood.

To the Arabians, then, is to be ascribed the honour of
being the first nation in which chemistry ceased to be noth-
ing more than a knowledge of a few processes in the arts
confined to the work-shops of illiterate mechanics. To this
nation we are indebted for its application to medicine
which was first effected in the tenth century by Rhases, a
physician of the hospital of Bagdad. It now became an
object worthy the attention of men of letters and genius.
The phxnomena of nature were scrutinized with an at-
tentive eye, new processes were instituted for determin-
ing her laws, and bodies before supposed stmple, were
analized by means of newly discovered agents. Such was
the situation of chemistry in Arabia, when, by means ap-
parently little favourable to the dissemination of science,
it was transplanted into the west of Europe.

Towards the close of the cleventh century all Christen-
dom was roused to arms by the declamation of an obscure
individual of the name of Peter, sirnamed the Hermit.
This man, who to the most barbarous ferocity added the
most refined cunning, travelled over Europe preaching up
a croisade to recover from the hands of the infidels the
holy-land. As his hearers were plunged in the most bar-
barous ignorance, their passions were easily wrought upon,
and this man who in the eighteenth century would be con-
fined in a mad-house, or treated with contempt, in the
eleventh raised an army of 700,000 men to effect his absurd
scheme. This army of which BicoTrYy and SUPERSTITION
led the van, and MurbpEr and RAPINE closed the rear, was
composed of men of every rank and profession. And this
army, however unfit a medium it may appear for the trans-
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mission of science, was the means by which chemistry was
first transplanted into Europe.

That men actuated by such motives as the croisaders
were, who, with the symbols of peace in one hand, and a
reeking sword in the other, marked their footsteps with
the blood of women and children; who had left their peace-
ful habitations, their wives, their children and all the joys
of domestic happiness, to enforce by the sword the truth
of a religion whose basis is charity, and to wrest from the
hands of the infidels, in another quarter of the world, a
barren tract of land almost unfit for the habitation of
man, because it was the birthplace of their religion; that
these men should be the disseminators of science is a
paradox in the history of the human mind that at first
view appears inexplicable. But the difficulty vanishes
when we recollect that, happily for the cause of science,
the chemistry of the Arabians was deeply tinged with
alchemical notions.*

The eroisaders, who were blind to the charms of science,
were far from being so to those of gold. As soon, there-
fore, as chance threw in their way pretenders to the art of
converting the metals, their avarice was roused, and for the
sake of the promised wealth they condescended to study
chemistry. After the defeat of this immense army, many,
who had set off with a design of converting the infidels
to Christianity by means of the sword, returned to en-.
deavor to convert all the metals into gold by means of
their newly acquired chemical agents.

Europe soon swarmed with people in search of the agent,
by means of which the baser metals were to be converted
into gold and silver, and to which they had given the name
of the Philosopher’s stone. All classes of people were
seized with the mania. The indigent man, who was insti-
gated to study by the hopes of acquiring wealth, but who
for want of money to commence his operations was unable

* See note A at the end.
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to proceed, was sure to find a patron among the wealthy,
who, upon the condition of sharing in the disecovery, ad-
vanced large sums of money for carrying on the opera-
tions. Processes of the most extensive and expensive na-
ture were instituted in search of this chimerieal substance,
and the most important discoveries, though different from
that most hoped for, were made. No expense of labour or
time was spared, and immense fortunes were dissipated by
men who would not have advanced the smallest sum for
the discovery of any truth whatever from which they could
not hope to derive some pecuniary advantage. Thus was
avarice enlisted in the cause of scienee, and thus that worst
passion of the human breast, which has ever, but at this
single period, retarded the progress of science, now tended
in the most astonishing manner to its promotion.

That branch of chemistry called mineralogy particu-
larly flourished during these rescarches. The metals were
the objects to which the attention of the alchemists was
immediately directed. Ilence considerable progress was
made in the art of extracting them from their ores and
working them.

From an idea entertained by some of the alchemists that
the philosopher’s stone was to be the result of an intimate
union of sulphur and mercury, this semi-metal became in
a peculiar manner the object of their attention. The re-
sult was that the materia medica became enriched with
many invaluable preparations of it.

This period gave birth to a number of men of the most
respectable talents; at the head of these we must rank
Roger Bacon, who flourished in the thirteenth century, and
whose mind was deeply tinged with alchemical notions.

In the course of some chemical experiments, Bacon hav-
ing mixed nitre, sulphur and charcoal together, in a mor-
tar, they by accident took fire and produced a loud explo-
sion; this first suggested to him the idea of making gun-
powder, which, from a false idea he entertained of the
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terrible effects that would be produced by its being gener-
ally known, he concealed in his writings under the form of
an anagram.

In the sixteenth century a new sect of alchemists ap-
peared, who were in search of a medicine that should cure
all diseases.

The Arabians, in their treatises on alchemy, had em-
ployed that figurative language which is so universal in
the East. The agents they used for bringing metals to
perfection they called medicines, the tmperfect metals sick
men, and gold a sound, lively, healthy, durable man. When
the Europeans procured translations of these works many
of them understood all these figurative expressions in a
literal sense, and when in the course of their reading they
met with passages like the following from Geber, ‘“‘Gold
thus preparcd cures lepras, cures all diseases,”” and in
which he only meant it would transmute all other metals
into gold, they understood it to be a medicine by which all
the diseases to which the human frame is liable might be
cured.* Such was the origin of a sect of alchemists to
whose industry we are indebted for the most valuable ac-
cessions to the materia medica.

At the head of this seet of alchemists stood Paracelsus,
a name familiar to every chemist. IIe was born near Zu-
rich in Switzerland, in 1493. From his carliest youth he
seems to have possessed all that wildness of imagination
which so strongly characterizes his countrymen. The mo-
ment he conceived a thing possible, he formed a theory
for the performance of it, and then proclaimed to the world
he had effected it. As soon, therefore, as he conceived of
the possibility of forming a panacca, he commenced his
search after it, and emboldened by the success of some of
his mercurial preparations he declared he possessed the
power of closing forever the door of the tomb.

Having likewise formed an idea of a liquor that should

* Boerhaave,
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dissolve every substance in nature, and to which he gave
the name of the alcahest, he declared to the world he had
discovered it, and published a book in which he gave an
account of many of its operations. This book abounds with
the wildest extravagances and most palpable contradic-
tions. In several passages of it he tells of his having dis-
solved various substances in the alcakest, in vessels her-
metically sealed, in which operations, although the
substances were readily dissolved, the vessels appear to
have remained undissolved by this universal solvent. Van
Helmont has likewise written much on the subject of the
alcahest, and has the effrontery to declare that he pos-
sessed for a considerable time a vial containing this won-
derful liquor, but that it was given to him, and afterwards
taken away from him.

In addition to the panacea and alcahest, Paracelsus de-
clared himself possessed of the philosopher’s stone. Thus
he persuaded the greater part of his contemporaries that
he was possessed of what they conceived the two greatest
blessings man can enjoy, the unlimited power of increasing
his wealth and prolonging his life. Against the truth of
an opinion so generally entertained by his contemporaries
we shall offer but one objection. Paracelsus at the latter
end of his life wandered about Europe in poverty, and
died at the age of forty-eight, to the disgrace of his boasted
aurum potabile, azophs, little demons, elixirs, and immortal
catholicons, after a few days’ sickness at a public inn at
Saltzburg, although he had flattered himself that by the
use of his elizer proprictatis he should live as long as
Methuselah.

The failure of Paracelsus did not intimidate others from
pursuing the chimera, among the number, Cassius, known
by his precipitate of gold; Libavius, whose name is affixed
to a preparation of tin; Sir Kenelm Digby, who believed
in the sympathetic action of medicaments; Van Helmont,
famous for his medical opinions and chemical notions; and
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Borrichius, a Danish chemist, who first discovered the
method of inflaming the oils by nitric acid, are particularly
to be noticed for their talents. To the labours of these
men we are indebted for many valuable medicines. But
in a peculiar manner they demand our gratitude for the
intimate union they have produced between medicine and
chemistry, the consequence of which has been that disease
has been stripped of half its terrors.

Amid the dark, gathering clouds of ignorance and super-
stition, that hung over all Kurope during this century,
one ray of light burst forth so pure and strong as to indi-
cate a rapid dispersion of the worse than Egyptian dark-
ness of the age. Francis Bacon, a name that must at once
draw forth our pity and admiration, appeared at the latter
end of the sixteenth century, and laid the foundation of
natural philosophy on the true and immutable basis of
reason. For some centuries past the world had been en-
gaged not in discussing philosophical truths, but the
opinions of philosophers. The book of Nature, from
whence alone true knowledge can be drawn, was entirely
neglected, and the works of Aristotle and Plato were made
use of to supply its place. Instead of endeavoring to dis-
cover her laws by observing their effects, they attempted
to explain them by the categories of the Peripatetics or the
ideas of the Platonists. But Bacon, perceiving that these
ignes fatui only served to lead astray, chose for his guide
the invariable light of reason. By this he soon perceived
that a knowledge of the laws of Nature can only be ac-
quired by observing her operations. IIe therefore advised
mankind, instead of spending their time in interpreting
the idle dreams of mystical philosophers, to forsake their
air-built castles and by experiment erect their systems on
the adamantine basis of truth. Not content, like the gen-
erality of reformers, with barely pointing out the road
they ought to pursue, this able pioneer proceceded a con-
siderable distance in it, and cleared the way to many of
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the greatest discoveries of his successors. But either from
that love of unintelligible systems which is so ecommon in
ignorant men, or from a dread of entering on a new road,
the termination of which they could not perceive, it was
some time before mankind could be drawn from the beaten
track.

About this time, Glauber, a German, rendered essential
service to chemistry, by examining the residues of opera-
tions which had herctofore been thrown aside as useless
and distinguished by the names of caput mortuum, or,
terra damnata. By this he discovered the sulphate of
soda, called after him Glauber’s salts, and the sulphate of
ammoniac; and threw great light on the processes for pre-
paring mineral acids.

At the commencement of the seventeenth century the
alchemical mania arrived at its acme. In Germany a so-
ciety was formed under the name of the Rosicrucians, of
which little more is known than that they pretended to be
in possession of the secrets of transmutation, of the uni-
versal sciences and medicine, with the science of ocecult
things. In France, England, Spain, and most of the other
nations of Europe, the belief in alchemy was carried so
far that decrees were issued by government forbidding
it to be practiced, lest the value of the current coin of
the nation should be destroyed, or individuals practicing
it be rendered too powerful.

This triumph of error over reason, like every other tri-
umph of the same nature, was, however, doomed to have an
end. Father Kircher, a Jesuit, author of a great work en-
titled “‘ Mundus Subterraneus,”’ and Corringuis, a learned
physician, commenced an attack on it, which, by the aid of
the philosophical chemists who made their appearance some
years after, totally destroyed this chemical monster.

Chemistry has hitherto consisted of a multitude of facts,
disseminated without any regard to arrangement over
many loose dissertations on its various objects. ‘‘As yet,”
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as Macquer observes, ‘‘there were many branches of chem-
istry in being, though the science itself was not yet in
existence.”” Towards the middle of the seventeenth cen-
tury James Barnet, physician to the king of Poland, first
collected and arranged the principal known facts in a
methodical manner, and added observations thercon. Boh-
nius, professor at Leipsic, likewise formed a methodical
colleetion. But Joachim Becher of Spires wrote a work
entitled ‘‘ Physica Subterrancae,’”’ which from the precision
with which the facts are related, and his observations on
them, so far eclipsed the writings of Barnet and Bohnius
that their works are now totally neglected, and their
names almost forgotten. This work, in which there are
a number of conjectures verified by late discoveries, had
the honour of having for a commentator one of the bright-
est ornaments chemistry can boast—I mean the celebrated
STAHL.

George Ernest Stahl was born at Onold in Franconia,
in 1660. From his earliest youth he appears to have been
attached to the study of chemistry. But in a particular
manner his mind was directed to ascertain the true prin-
ciple of inflammability.

Until the time of Becher, the most vague notions were
entertained on this subject, the chemists supposing it to
be a sulphur pervading all inflammable bodies. Becher,
perceiving that sulphur did not exist in many animal and
vegetable substances, although inflammable, asserted that
it was not the principle of inflammability, but that this
principle resided in a substance common to sulphur as
well as all other inflammable bodies; this substance he sup-
posed to be of a dry nature, and therefore called it an
earth, and to distinguish it from all other earths, he called
it PuroaisToN. This doctrine was adopted by Stahl, who
so far improved and extended it, that he is now generally
considered as its founder.

The human mind delights in speculative reasoning. It
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can scarcely receive two connected facts without wishing
to draw a general conclusion. It is this spirit of generali-
zation which has given birth to some of the most sublime
as well as the wildest theories. Without it the mind of
man would be nothing better than a wild chaos of facts.
Instead of a well construeted temple, throughout the whole
of which reigns the most perfect harmony, it would be a
mere quarry in which although all the materials for con-
structing the temple are contained, yet they are in so
rude and deranged a state that they are neither useful
nor elegant. The assent of mankind, it is true, is often
obtained to the wildest theories; yet even these, false as
they may be, serve the purpose of giving some sort of ar-
rangement to all the known facts, and any arrangement,
however bad, is better than none. Nor need we be afraid
that any false theory, however specious it may appear,
will be permanent; for, WuATEVER SystEM Is Nor
Founpep 1IN Trurn Must Fann!

As soon then as Becher’s doctrine of phlogiston, as im-
proved by Stahl, became generally known, it was adopted
by the undissenting voice of the chemical world. It an-
swered for the limited state of chemical knowledge, and the
philosophers from his time until within a few years past
knew of no ph®nomena in combustion that they could
not account for satisfactorily, to themseclves, by this
theory.

About this time lived Mayow, an English physician, fa-
mous for a number of ingenious conjectures. According
to Dr. Ialler, he supposed that nitre floating in the air
was absorbed into the lungs and formed the animal spirits,
the heat of the system, and imparted colour to the blood.
Blumenbach says he was one of the first authors who wrote
concerning the factitious airs, especially that now called
dephlogisticated air, or ozigene; the ‘‘spiritus nitri
erius’’-of Mayow. The work which contains his peculiar
notions on this subject is entitled ‘‘Tractatus duo: de
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respiratione, et de rachitide,”’ published at Oxford in 1668.
He was but thirty-four years of age when he died.

‘We are now entering on the most brilliant era that has
ever occurred in this science. Hitherto the progress of
chemistry had been slow and uncertain. It depended on
accidental discoveries made in search of chimerical objects.
Its votaries were not led on so much by the love of truth
as the love of life and wealth. But the theory of Becher
and Stahl gave a new direction to the pursuits of chem-
ists, and instead of the philosopher’s stone, aleahest and
panacea, their labours were now directed to the establish-
ment of a theory of combustion.

Stahl, whose mind was entirely occupied with demon-
strating his favorite theory, and observing all the supposed
modifications of phlogiston, scems to have overlooked the
influence of air in all the phenomena which he attributes
to his inflammable principle. The neccessity of attending
to this fluid in the operations of chemistry had already
been demonstrated by Boyle and Ilales. The difference
between chemical events that happen in like circumstances
in air and in vacuo had been observed by the former and
the latter had procured from various substances different
kinds of air. He thought air was the cause of solidity
in bodies.

Dr. Priestley, in pursuing the experiments of Hales,
discovered many eclastic fluids which had heretofore been
entirely overlooked by the chemists. Dr. IIales had ob-
tained air from minium, but he had not investigated its
properties. On the first of August, 1774, a day which will
ever be conspicuous in the annals of science, Priestley ob-
tained this air,* and found it much purer than atmospheric
air. In the course of some experiments he instituted on
this air, he found it to be the cause of the red colour ac-

* Called by him dephlogisticated air, from his supposing it to be

air deprived of all phlogiston, and by the French chemists ozigene,
from its being the principle of acidification.
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quired by the blood in passing through the lungs. This
discovery has laid the foundation of a theory of animal
heat that has thrown more light on the science of physi-
ology than perhaps any other discovery which has ever
been made.*

Mr. Lavoisier soon after proved that the weight acquired
by heated bodies is owing to an absorption of oxigene.}
To this discovery we are indebted for the French system of
chemistry.

Before entering on this revolution, the greatest per-
haps that has ever occurred in this or any other science,
you will pardon me for occupying a few minutes of your
time in paying the debt of gratitude we owe to him by
whom it was effected.

Lavoisier was born at Paris, August 16th, 1743. From
his earliest youth he maintained a genius of no common
order. At the age of three and twenty he obtained from
the Academy of Sciences a gold medal for a dissertation
on the best mode of enlightening during the night the
streets of a great city. Two years afterwards he was made
a member of that justly cclebrated society. As yet his
mind was confined to no particular branch of science, but
each in its turn was benefited by his attention. Until
at length, about 1770, Lavoisier, struck with the impor-
tance of the discoveries which had recently been made by
Priestley, Black,f Cavendish, and Macbride, relative to
elastic fluids, turned his attention to this inexhaustible
source of discovery.

He had now entered on a career which was to rank
his name with those of Bacon, Newton and IIartley.

* See note on combustion.

+ Sce note B.

$+ In 1775 Dr. Black discovered fized air or the carbonic acid in
calcareous earth. He affirmed that the dissipation of this air con-
verts it into lime, and that, by restoring it again to the lime, cal-
careous earth is regenerated.
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Iis time and fortune were devoted to furthering dis-
coveries in chemistry, and his house became a great
laboratory filled with every species of apparatus neces-
sary in this science. Ilere he made welcome men of
science to whatever nation they might belong, or to what-
ever opinions they might be attached. Twice a week he
held assemblies at his house, to which was invited every
person most eminent in geometrical or physical knowledge.
Here all the new chemical opinions which appeared in
urope were discussed and tested by experiment. Before
this assembly Lavoisier tried all his experiments, and
listened with candour to the discussion of them. To this
line of proceeding we are indebted for that accuracy of
experimenting, which has been introduced, instead of the
former incorrect mode. After his experiments and the-
ories had passed this strict ordeal, and not before, he gave
them to the world.

It is to these assemblies we are indebted for the new
nomenclature, which the French chemists have introduced
into this science.* This nomenclature has tended con-
siderably, by banishing much of the technical jargon of
chemistry, to its promotion, and leaves nothing for us
to wish, but that they who made us so happy a com-
mencement had extended it still farther. We may
consider it as a happy omen of what we are to expect
from an introduction of a philosophical language into the
sciences.

The effects of these labours of Lavoisier are to be found
in forty memoirs, replete with the grandest ideas relative
to the various phicnomena of chemistry, published by him,
from the year 1772 to 1793, in the transactions of the
French Academy. In 1784, he formed an idea of collecting
into a single work all the discoveries he had given to the
world at different periods. This work, which did not ap-
pear until 1789, exhibited the simplicity of his system in

* See mnote C.
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so forcible a point of view that it soon gained the almost
universal suffrage of the chemical world.

Hitherto we have beheld Lavoisier only as the philoso-
pher, rending the veil of nature, and drawing into view all
her native charms. Let us now view him in the no less
exalted station of private life. If, as philosopher, he raises
our astonishment by the brilliancy of his discoveries and
profundity of his reasonings; as a man he no less excites
our admiration by his strict performance of all the duties
of a friend, a relative, and a citizen. In short, Lavoisier
was one of those truly exalted characters that prove the
folly of the observation, made by malicious ignorance, that
a love of science and a performance of the duties of life
are incompatible.

Our picture has as yet displayed none but the most
pleasing colouring.—Would to heaven I could, consistently
with my duty, put it out of my hands, unfinished as it is.
But there is one dark shade, which, to complete it, must
be laid in, and which will efface the pleasure arising from
a contemplation of its beauties.

Lavoisier was strongly attached to the cause of SCI-
ENCE AND TRUTH, and consequently of that of LiBErRTY.
‘When the French revolution burst forth on the astonished
world, he, therefore, early appeared as its advocate. Until
at length Robespierre, having descended from the ele-
vated station of a Representative of the People, to the de-
based one of their Tyrant, perceiving that a love of science
and truth naturally produced a love of liberty, determined
on the destruction of all those who united these dangerous
qualities. Lavoisier was one among the many marked out
for destruction. No other excuse could be found for his
execution, than that he had been a farmer-general under
the old government. But this excuse, weak as it was, was
sufficient for the ¢yrant, who had the power and the will
to destroy him. Let us draw a veil over the fatal catas-
trophe that has deprived the republic of science of its

32



CHEMISTRY IN AMERICA

brightest ornament.* And while we mourne the loss of
this benefactor of mankind, let us not lose sight of the
pleasing hope that he and his murderer shall be remem-
bered as they deserve. Yes! let us cherish the pleasing
idea, that while the name of Robespierre shall be remem-
bered with deserved dctestation along with those of Nero
and Caligula to excite indignation against tyranny and
its supporters, that of Lavoisier shall excite in the breast
of every votary of science the warmest gratitude!

From the time of Stahl to that of Lavoisier the metals
were supposed to be compound bodies, formed by the union
of phlogiston with peculiar earthy bases. During their
combustion or calcination they were supposed to part with
this phlogiston to the surrounding bodies. Even the
weight they acquired by this supposed loss of one of their
constituent principles did not for a long time shake the
belief of the followers of Stahl in their favorite theory.
They all seemed cager to discover some opiate by which
they might lull their reason to sleep. The celcbrated Boyle
affirmed that the increase of weight in calcined metals is
owing to the combination of the matter of fire. Boerhaave
attributed it to the surrounding bodies which deposit them-
selves upon the metal: While the generality of the fol-
lowers of the doctrine of phlogiston supposed it to be the
principle of levity. Such are the powerful effects pro-
duced by the union of a great name with any theory what-
ever; like the head of a monarch stamped upon base
metal, it serves to give it currency for a time among the
unobserving part of mankind.

At length Lavoisier proved that the increased weight of
the calx is owing to the absorption of oxigene, and that

* When the order for his execution was presented to Lavoisier he
requested a few days to complete a course of experiments he had
commenced, but this was refused, and he was hurried off to the
scaffold. What may we not have lost!
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it is in the exact proportion of the quantity of this gas
absorbed. He now undertook to reverse the theory of
Becher and Stahl. Instead of supposing that in combus-
tion phlogiston is separated from the combustible body,
he accounted for this phenomenon by the body absorbing
oxigene from the atmosphere, which he discovered con-
sisted of nearly twenty-eight parts of oxigene united to
seventy-two of nitrogene.

The supporters of the doctrine of phlogiston, thinking
it in vain to attempt any longer to uphold a system
founded on the existence of so chimerical a substance as
they had herctofore described, and perceiving that in
many cases of the solution of metals in acids inflammable
air is generated, declared this hydrogenous gas to be phlo-
giston in an uncombined state. No sooner had they given
to this

————————‘“airy nothing
‘“A local habitation and a name,”’

than they doomed it to destruction. While it re-
tained its Protean powers of at one time being the
principle of levity, and at another possessing gravity, it
was impossible to grasp it firmly enough to destroy it;
but it now became a fair object of discussion.

The French chemists were for some time at a loss to ac-
count for this disengagement of hydrogene. At length Mr.
Cavendish discovered that water is a compound body,
formed by the union of the basis of hydrogene and oxi-
gene. The source from which the inflammable air arises
now evidently appeared not to be, as their opponents sup-
posed, from the metal during solution parting with its
phlogiston, but from the water combined with the acid
being decomposed, its oxigene uniting to the metal whilst
its hydrogene is set at liberty.

Lavoisier has applied his theory of the calcination of
metals to the ph®nomena of every other species of com-
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bustion with so happy an effect that the doctrine of phlo-
giston has become almost universally exploded.* That
theory, which but a few years since commanded the un-
dissenting voice of the chemical world, is now almost
totally forsaken. Still, however, the totlering dome of
this once mighty fabric is supported by one solitary pil-
lar, so well constructed as by its single foree to uphold it
against the warring elements, nor ean it ever fall till this
pillar is removed. Never can the doctrine of phlogiston be
said to be totally destroyed, until it shall cease to rank
among its supporters the name of PRIESTLEY.

I shall now present you with the last and most pleasing
revolution that has occurred in chemistry. Hitherto we
have beheld this science entirely in the hands of men; we
are now about to behold women assert their just, though
too long neglected claims, of being participators in the
pleasures arising from a knowledge of chemistry. Already
have Madame Dacier and Mrs. Macauly established their
right to criticism and history. Mrs. Fulhame has now
laid such bold claims to chemistry that we can no longer
deny the sex the privilege of participating in this science
also.} What may we not expect from such an accession
of talents? How swiftly will the horizon of knowledge
recede before our united labours! And what unbounded
pleasure may we not anticipate in treading the paths of
science with such companions?

I shall now, gentlemen, conclude with a few observa-
tions on the utility of a general diffusion of chemical
knowledge throughout America.

Living as we do in a new, extensive, and unexplored

* See note D.

+ Mrs. Fulhame has lately written an ingenious piece entitled ‘¢ An
Essay on Combustion, with a view to a new art of dyeing and
painting, whercin the phlogistic and anti-phlogistic hypotheses are
proved erroneous.’’ Since the delivery of this oration she has been
elected a corresponding member of this Society.

1 See note E.
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country, separated by an immense ocean from all other
civilized nations, we must feel ourselves deeply interested
in a knowledge of its mincral productions, and this can
only be arrived at through the medium of chemistry. As
far as our very limited knowledge has yet gone, we have
every reason to believe that nature has been far from
bestowing her blessing upon it with a parsimonious hand.
Abounding as it does with the richest ores of the most
valuable metals, we should be committing a crime of the
blackest dye, were we through wilful ignorance to trample
under our feet these invaluable gifts of the CrREATOR.

The only true basis on which the INDEPENDENCE of our
country can rest are AGRICULTURE and MANUFACTURES.
To the promotion of these nothing tends in a higher de-
gree than chemistry. It is this science which teaches man
how to correct the bad qualities of the land he cultivates
by a proper application of the various species of manure,
and it is by means of a knowledge of this science that he
is enabled to pursue the metals through the various forms
they put on in the earth, separate them from substances
which render them useless, and at length manufacture
them into the various forms for use and ornament in which
we sce them. If such are the effects of chemistry, how
much should the wish for its promotion be excited in the
breast of every American! It is to a general diffusion of
a knowledge of this science, next to the VIrTuE of our
countrymen, that we are to look for the firm establish-
ment of our INDEPENDENCE. And may your endeavors,
GENTLEMEN, in this cause, entitle you to the gratitude
of your FELLOW-CITIZENS.

NOTES
Nore A—p. 21

The origin of alchemy eannot be traced farther back with any
certainty than the second or third century of the christian era.
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In all probability it owed its birth to the general adoption of the
proposition that “All bodies are but different modifications of the
same primitive matter,” the philosophers supposing that this mod-
ification might be changed at pleasure by means of certain chem-
ical agents.

Nore B—p. 30

Rey, in the last century, ascribed the increased weight of me-
tallic substances when they are said to have lost their phlogiston,
to its true cause, the absorption of air, but on such weak grounds
that he is as little entitled to the honour of a discoverer, as a
successful dreamer is to that of a prophet; nor can I with justice
aseribe this honour to Dr. Ilales, though he exiracted air from
minium; as he imputed the inerease of weight not only to the
air, but also to sulphur which he imagined is absorbed from air.

Kirwan on Phlogiston.

Nore C—p. 31

The almost innumerable technical terms which had been in-
troduced into chemistry, before the formation of the new nomen-
clature, had for a long time been a cause of general complaint
among chemists. The same substance had often eight or ten dif-
ferent names applied to it, most of which either conveyed no idea
of its properties, or what is still worse indicated very opposite
ones to those it possessed. Within the little time that elapsed
from Dr. Black’s discovery of carbonic acid it had been known
by the names of Fired Air, Aerial Acid, Mephitic Acid, Cre-
taceous Acid, ete.; but the terms Ol of Tartar by the Bell, Oil
of Vitriol, Butter of Antimony, Bulter of Arsenic, Flowers of
Zine, ete., as applied to these several compositions, are still worse,
as they serve not only to burden our memories with a useless
quantity of words, but to give us a false idea of the nature of
the substances they are put for; as there does not exist in the
mineral kingdom, properly speaking, either Butter, Oil, or
Flowers. A reform in the chemical nomenclature became there-
fore absolutely necessary to the promotion of science, or rather
it became necessary, where so much error existed, to pull down
the old system and erect a new one.
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In 1782, M. de Morveau proposed a reformation of the nomen-
clature, and in 1787, M. Lavoisier, by the assistance of many of
the best chemists of France, produced the following excellent
plan, which is now generally adoptcd.

1. All those substances which cannot be separated into two or
more different principles, by any known process, although they
may be compound bodies, yet are to be considered, until an analy-
sis can be made, as elementary, and names given to them indi-
cating their principal properties: thus the basis of vital or pure
air is ecalled orxigene from the Greck words 6£ds, acid, and yeivopar,
I beget, as by a union of this substance with certain bases all the
acids are formed; and the basis of inflammable air is called hy-
drogene from the Greek words U8wp, waler, and vyeévopor, I
beget, as it is by a union of this substance with oxigene that
water is formed.

2. When two simple substances are united, the name of the
compound is to be so formed, by a general rule, as at once to con-
vey the idea of its constituent prineiples.

Thus all the combinations of those metals with oxigene, which
do not by such an union form acids, are called by the general
names of ouxides, as in the case of the union of oxigene with lead
forming red lead; which, according to the new nomenclature, is
called oxide of lead.

According to the new theory the acids are all formed by the
union of oxigene with certain bases, the names of the acids are
therefore all made by giving to the names of their bases, where
they are known, or when their bases are not known to the name
of the source from whenee they are derived, the general termina-
tion se. Thus that acid formed by the union of oxigene and sul-
phur is called the sulphuric acid, and the acid procured from the
Fluor Spar, the basis of which is unknown, is called fluoric acid.
But there are acids the bases of which are not fully saturated
with oxigene, these are distinguished by the termination ous, thus
when sulphur is not quite saturated with oxigene it is called sul-
phureous acid.

3. The neutral salts are all formed by the union of the dif-
ferent acids with alkaline, earthy or metallic bases. Their names
are made by a union of the names of the acids of which they are
composed terminating with a¢ when they are perfect acids, or
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fully saturated with oxigene, and ite when they are imperfect,
and the names of the bases to which they arc united. Thus
Glauber’s salts, which are formed by the union of the sulphuric
acid and soda, are called sulphate of soda, and a combination of
the sulphureous acid and iron is called sulphite of iron.

In favour of this theory of a nomenclature, little need be said,
as it bears internal evidence of its utility. Of the immense quan-
tity of technical words which are saved by it I shall give the single
instance of the neutral salts.

There are at present thirty acids known, capable of forming
neutral salts by their union with three alkalies, eight earths, and
fourteen metals, in all twenty-five bases, which would make 750
different neutral salts. If to these we add those which could be
formed by many of these acids in a state not fully saturated with
oxigene, we shall have not far short of 1,000 different neutral
salts. Allowing the former arbitrary mode of naming them to
prevail, there can be no doubt that each of these salts on an
average would have in the course of time at least two names, we
should then have had 2,000 names for them. But happily for the
cause of scienee our memories are saved from being oppressed by
this immense mass of technical rubbish by the proper applica-
tion of the third rule.

For a full account of this nomenclature see the memoirs of
Messrs. Lavoisier, De Morveau, Berthollet, De Fourcroy, Ilassen-
fratz, and Adet; first published in the transactions of the Academy
of Science in Paris, in 1787, and since translated into English
and published by Mr. St. John.

Query. Might not the nomenclature be extended to all combi-
nations of two simple earths by using the name of the earth
found in the greatest quantity as a substantive, and that of the
one found in the least quantity as an adjective. Thus a stone
formed by the union of a smaller quantity of silez united to a
greater quantity of alumine would be called a silicious alumine,
whereas if the silex predominated it would be an aluminous silex.
It might, perhaps, be also applied to the union of a simple earth
with a neutral salt, as in marble, which is composed of alumine
and carbonate of lime, which would then be called aluminous
carbonate of lime?
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Nore D—p. 35

Lavoisier instead of supposing, with the disciples of Becher and
Stahl, that all inflammable bodies possess a certain principle,
which they called phlogiston, the giving out of which causes all
the various phznomena of combustion, says that they entirely
arise from the deecomposition of oxigenous gas, which is a com-
pound body formed by the union of a certain basis with the
matter of light and heat,—the basis uniting to the inflammable
body while its calorie, or matter of heat, and light are set at lib-
erty. This theory they found upon the following prineiples.

1. Combustion is never known to take place without the pres-
ence of oxigene.

2. In every knmown combustion there is an absorption of
oxigene.

3. There is an augmentation of weight in the products of com-
bustion equal to the weight of the oxigene absorbed.

4. In all combustion there is a disengagement of light and heat.

I shall therefore take the liberty of suggesting the following
queries.

Query 1. Should we not consider combustion as an effect of
the elective attraction belween the basis of the gas and the com-
bustible body being stronger than that betwcen the same basis
and caloric?

Query 2. If so, would not the same phznomena take place
were we to heat a body in any other gas whose basis has a
stronger elective attraction to the body than to caloric and light,
as do when such bodies are heated in oxigene?

Query 3. In the combustion of hydrogene with oxigene do we
not find this to take place? Does not the basis of the hydrogenous
gas, which was retained in a gaseous state by its union with
caloric and light, unite with the basis of the oxigenous gas, and
form water, and at the same time part with its matter of heat
and light?

Query 4. Should we conclude because those substances which
burn the readiest in oxigene will not burn in any other gas, that
no substances are to be found that will? Ought we not on the
contrary to seek these substances among those which do not burn
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at all, or very slowly in this gas, as the probability is that the
same substance, which has a very strong elective attraction to
the basis of one gas, will have but a slight one to that of every
other?

Respiration may be considered as a slow speeies of combustion.
The oxigene of the atmospheric air inhaled is decomposed, its
basis unites to the blood, through the coatings of the blood ves-
sels in the lungs, and gives it a red colour, while its matter of
heat is set at liberty and forms the animal heat of the system.

Nore E—p. 35

The following short extract sets chemistry, as a proper study
for females, in so foreible and just a point of view that I eannot
refrain from the pleasure of inserting it.

“Chemistry is a science particularly suited to women, suited to
their talents and their sitnation; chemistry is not a science of
parade, it affords occupation and infinite variety; it demands no
bodily strength, it can be pursucd in retirement; it applies im-
mediately to useful and domestic purposes; and whilst the in-
genuity of the most inventive mind may be exercised, there is no
danger of inflaming the imagination; the judgment is improved,
the mind is intent upon realities, the knowledge that is acquired
is exact, and the plcasure of the pursuit is a sufficient reward for
the labour.”

Letters for Literary Ladies.

Some idea of the regard in which the author (T. P.
Smith) of the preceding essay was held may be gathered
from the following quotation:

‘While we express our hopes that the whole history of
this Columbian mineral will soon be made known, we sin-
cerely deplore the afflicting and untimely death of our
friend and countryman, Mr. Thomas P. Smith, from whose
industry, acuteness and zeal in chemical (and, indeed, al-
most the whole circle of physical) researches, Mr. Hatchett
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informs the Royal Society he had anticipated important
aid in this inquiry.

We think it only a tribute due to justice, on this oe-
casion, to insert the following account of a gentleman,
whose memory we cherish with warm affection, and whose
fate will be a subject of lasting regret to every friend of
science in this country.

City of Washington, October 8, 1802.

Died on the 22nd ultimo, at sea, Thomas P. Smith, in
consequence of the bursting of a gun.

Few men merit, and still fewer obtain, a long posthu-
mous fame. Their virtues and talents are generally de-
rived from local or temporary events, with the benecfits
of which they are forgotten. But the subject of these re-
marks lived not for himself, the particular spot that gave
him birth, or the eountry of which he was proud to be a
citizen. His heart exulted in the happiness, and sympa-
thized in the miseries, of all mankind; while his mind
exerted its great cnergies in their service.

Before he reached the period of manhood, he aban-
doned the frivolous sports of youth, and applied himself
to science. With but feeble advantages of education, at
eighteen he was a respectable mathematician, and at twenty
an eminent chemist. ¥rom this period, nature, in all her
forms, attracted his attention, and he incessantly mingled
the labours of the closet with an observation penetrating,
practical and profound. Shaking off the dull logic and
inglorious trammels of the schools, his mind disdained
other materials of judgment than well-attested facts, an-
alysed and applied by itself.

Though fascinated to enthusiasm with the charms of
natural science, he was not regardless of moral knowledge.
He was an early, uniform, inflexible disciple of repub-
lican liberty; in his devotion to which he was as firm as
the rocks which he so often trod.
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Two years ago he went to Europe, principally to ex-
tend his qualifications for mineralogical and chemical pur-
suits. But as the powers of his mind were not circum-
scribed by common limits, they embraced the whole cirele
of science. Ile travelled through England, Germany,
France, Sweden, Denmark, and other countries. Iis asso-
ciates, wherever he moved, were the learned and the liberal.

With the fruits of wide experience, he sailed, about
two months sinee, for his native land. Ie had viewed
the proudest countries of Europe; but he wrote to his
friends that he had seen no country for which he would
consent to abandon the United States, where freedom and
industry confer happiness. He exulted in the prospect of
soon meeting his friends, and in passing in their society,
and in literary pursuits, the remainder of his days.

But he has been disappointed. IIe is gone. With the
youth of five and twenty has perished not the blossoms,
but the mature fruit of age. Eulogium is often extrava-
gant, but truth sometimes sustains her boldest panegyric:
and when she declares that Thomas P. Smith, for science,
had no superiors of his age in the United States, and
promised, in the progress of life, to have few equals, she
pronounces the sacred language of truth.—NATIONAL
INTELLIGENCER.



CHAPTER III

HE oration delivered by Smith is a history of the de-
velopment of chemistry and of chemical theory; it
does not contain any new discoveries.

From a number of old manuseripts this additional in-
formation concerning the Chemical Society of Philadelphia,
its members and purposes, has been gleaned.

Ruschenberger (Institution of College of Physicians of
Philadelphia) mentions that ‘‘the Chemical Society of
Philadelphia held stated mectings weekly, in the Phila-
delphia Laboratory, or Anatomical Hall. Some of the
Fellows of the College of Physicians were members of it.
The chief purpose of this association was to acquire in-
formation relative to the minerals of the United States.
A standing committee of five was charged with the duty
of analyzing any mineral which might be submitted to it,
provided it were sent free of expense, with an account of
the locality and situation in which it was found. The
analyses were made without charge. Notice of these terms
was published in several newspapers of the United States.

““The officers of the Society in 1802 were James Wood-
house, Pres.; Felix Pascalis and Jno. Redman, Vice-Pres.;
‘Wm. S. Jacobs, Librarian; Wm. Brown, Jno. S. Dorsey,
Curates; John Y. Bryant, Treasurer; Thomas Brown, Sec-
retary.’’
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The advertisements of the Society are extremely inter-
esting and worthy of consideration:

1. To rHE CITiZENS oF THE UNITED STATES.—In consid-
eration of the general utility that would result from the
citizens of the United States being able to procure, free
from expence, an analysis of any ores or mineral sub-
stances, ‘‘The Chemical Society of Philadelphia,’’ on the
20th of June, 1797, passed the following resolution :—

‘‘Resolved, That a committee of five members be ap-
pointed, whose business it shall be to notify, in the differ-
ent papers of the United States, and by ecircular letters,
that they will give an analysis of all minerals which may
be sent them.’’

In conformity to the above resolution, we hereby give
notice, that we will analyze any mineral which may be
sent us, provided it be sent free of expence, and accom-
panied with an account of the place and situation in which
it was found.—

Committee :
Tuomas P. SmiTH, No. 19 N. 5th St.
James WoopHOUSE, No. 13 Cherry St.
SamueL Cooper, No. 178 S. Front St.
Apam SEYBERT, No. 191 N. Second St.
Joun C. Otro, No. 37 N. Fourth St.
The Weekly Magazine, Saturday, Feb. 3d, 1798.

2. To tHE CiTizZENs OF THE UNITED STATES:

The Chemical Society of Philadelphia, desirous of dif-
fusing information throughout the United States relative
to the manufacture of Nitre, have appointed a Committee
to collect into one view all the different processes carried
on for that purpose in different countries.

In pursuance of their appointment, they now take this
method of requesting any person who possesses information
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relative to the manufacturing of this valuable neutral-salt
to forward it to them (post paid).

Information from such persons as carry on manufac-
tories of it with their results would be peculiarly accept-
able. They would be obliged to any persons who would
furnish them with accurate descriptions of the situation,
soil, temperature, &e., &e., in those places in which Nitre
is found in a native state.

TuoMmas P. Smiti,

19 North Fifth Street
ROBERT PATTERSON,

148 South Fourth Street
Joun C. Orro,

37 North Fourth Street

COMMITTEE.

(The Medical Repository, Volume II, page 120 (1799).

3. The Chemical Society of Philadelphia, besides a
variety of other minerals from different parts of the
United States, have lately reccived a specimen of the
golden auriferous pyrites from Virginia. F¥From 10 pwts.
to 13 grains of gold, 24 karats fine, have been extracted.

A quantity of Manganese has been sent to the Society
from the County of Albemarle, where it is found in abun-
dance. This mineral now retails in Philadelphia at the
rate of 11 pence per pound. It is consumed in this coun-
try principally by potters. It is used in Europe in bleach-
ing and in the manufacture of glass. A variety of the
sulphate of barytes with lapis hepaticus, accurately de-
scribed by Cronsted as the liberstein or liverstone of the
Germans and Swedes, has also been forwarded to the
Society from some place. This mineral almost always ac-
companies the best metallic ores and is considered by
mineralogists as a happy presage of finding them. Ae-
cording to the celebrated Becher, it is a certain indication
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aut prasentis aut futuri metalli. It is hoped that the
importance of mineral substances in agriculture and manu-
facturing will induce the farmers and other gentlemen
in the United States to attend to the mineral products
of their fields and send them to the Chemical Society of
Philadelphia, where they will be accurately analyzed, free
of expense. By this means many valuable discoveries
may be made and we may become acquainted with the
operations of nature in this part of the globe.

(The Medical Repository, Volume IIT, page 68, 1800).

4. Among other communications lately made to this
association (the Chemical Society of Philadelphia) of the
votaries of Science is a series of Geological essays by Mr.
George Lee. Though we have not yet heard that the
author has given the gcology or mineralogy of any part
of the United States not hitherto described, yet we learn
that, like Mr. Kerwan, he is a spirited supporter of the
neptunian theory of the earth and a firm believer in the
mosaic account of the deluge and its consequences.

(The Medical Repository, Volume IV, page 303, 1801).

5. The Chemical Society of Philadelphia have appro-
priated $50.00 for the purpose of procuring a medal, which
is to be presented to any person who shall produce the
best specimen of clay found in the United States and fitted
for the manufacture of potter’s ware. No attention will
be bestowed on clay inferior in quality to that from which
the common modern queen’s ware is manufactured or on
that which shall have been found in such a situation and
quantity as that it may be obtained and manufactured
with convenience and profit. Any person, who shall be
acquainted with clay, an exhibition of which may entitle
him to be a candidate for the possession of the medal, is
requested to deliver a specimen of such clay to one of the
corresponding secretaries of the Society before the first
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day of January, 1804. Together with any specimens of
clay sufficient evidence of its good qualities and an account
of the place and quantity in which it may be found must
be delivered and every communication on this subject
must be accompanied by a sealed note, containing the
name and residence of the author. The medal will be
adjudicated soon after the day above mentioned. The
corresponding sceretaries of the Chemical Society for the
present year are Dr. John C. Otto, Mr. John Y. Bryant
and the undersigned.
By order of the Society,
R. IIARE, JR.
Philadelphia, February 4th, 1802.
(The Medical Repository, Volume V, page 349, 1802).

A second annual address before this pioneer society il-
lustrates the emphasis laid by its membership upon the
importance of chemical discovery:
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ANNUAL ORATION, ETC.

GENTLEMEN OF THE CHEMICAL SOCIETY,

I come, this day, to fulfil the honourable task of address-
ing your society on subjeets relative to Chemistry.

Permit me, at first, to congratulate you on the return of
another year to be added to your commendable exertions
for the improvement of a science which constitutes true
philosophy, and imparts so many advantages to enlightened
and polite nations.

Of these none have remained unknown to you, for, as
soon as this institution was formed, by the talents and
diligence of its members, it stood adequate to the experi-
mental researches pursued by the celebrated schools of
Europe. Less censurable than those venerable seminaries
of learning which have spent so many years in false
theories, in idle and useless systems, you have had the
satisfaction of participating with them in their discoveries
as early as your members could controvert, with the
learned of all the world, any of the subjects or causes
of the revolution that that science has experienced, within
these few years. By whatever consideration personal praise
could be waived, in your assembled Body, no doubt, it
remains deserved by those who early promoted the sedulous
cultivation of the most useful science. I subseribed to
this laudable intention when I had the honour of being
called as a member in your institution. But I searcely
can confide in myself this day, when, by your appointment,
I am to display some of the admirable laws and numerous
advantages of Chemistry. Was I adequate to the task I
would publicly declare that I became so among you, and
after many years of our scientifical intercourse.

Necessity was the parent of our science in the most
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distant ages that historical records can trace; from avarice
and cupidity it afterwards received some slow and obscure
improvements, but accurate analysis only has lately
brought it to perfection. The ancient history of Chemistry
offers such a lamentable view of ignorance, superstition,
and empiricism that its pages seem no more useful but
to prove how laborious, slow, and uncertain is the advance-
ment of human understanding, unless it is aided by the
correct results of observation and by an unprejudiced
love of truth. IHappy is our age, in which, at last, we are
acquainted with the elementary laws of existing bodies!
Those laws which extend to all material objects, visible
or invisible, known or still concealed from our observa-
tion; those laws, the limits of which we do not know, be-
cause¢ we cannot trace where the limits of nature are to
be marked ; those laws form and constitute the science of
Chemistry ; indeed, by its prineiples it is connected with
all the branches of natural philosophy, and by its compara-
tive results it dictates the rules of arts and the processes
of manufactories. Under this twofold view Chemistry,
embracing all wants and comforts of mankind, is now
to be contemplated as the most important and interesting
subject, altogether to do honour to your pursuits in its
study, and to encourage many more votaries to the acquisi-
tion of its numerous advantages.

Philosophy. You know, Gentlemen, how numerous are
the branches of universal Philosophy! They form like a
beautiful tree, which often has been drawn by the hand
of genius; under its shade all sages vied to find shelter
or repose, and of its fruits they all wished to partake.
‘When all these branches have been severally examined
and studied they appear so well connected, and so much
depending on the same laws, that they compose but one
science, the mysteries of which cannot be disclosed, unless
we enter into the laboratory of the chemist, and there we
explore its processes. From these, all sciences in the
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physical order must receive their tencts and elementary
doctrines.

Astronomy. Would the Astronomer refuse to witness
our invariable results of attraction and gravity because
we cannot explain their operations, as he does for the roll-
ing sun and planets by the direct ratio of masses and by
the wnverse ratio of the square of distances: we must then
propose some difficultics arising from the known characters
of Caloric. That this element is not ponderous and has no
gravity to any given center of density, that no law but
that of a projectile power ecan be attributed to it, is be-
yond doubt. Ilow is it, then, that all the bodies of the
planetary system, the greatest number of which are solar
or ignited, could equally obey the same law of the direct
ratio of masses and of the inverse ratio of the square of
distances? Newton had calculated that the comet of the
8th of December, 1680, when in its perihelium had re-
ceived a heat 2,000 times greater than that of red hot
iron. What matter, we ask, can be conceived to exist, as a
center of gravity, at a still more and infinitely higher de-
gree of heat? The known laws of nature leave no room
to any conjecture, except to that of an elementary and
homogencous fire, which cannot exert but an immense pro-
jectile power, that, of course, it excludes entirely any
share of attraction by the direct ratio of masses and the
inverse ratio of the square ratio of distances. A con-
clusion more than probable is therefore to be drawn that
to chemistry is, perhaps, reserved to disclose a different
order of the primary laws of the universe.

Caloric. In this, as well as in other investigations, the
philosopher must be aided by the results of experimental
chemistry. Any proportion, for instance, of the attributes
of matter—is it well understood, unless the laws of Ca-
loric are correctly defined? Calorie! astonishing prineciple
of destruction and life! To deseribe well its activity and
operations it would be necessary to advert to mountains
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which it undermines, to the frightful craters it opens on
their most elevated regions, and to the immense torrents
of lava with which it inundates afterwards cities and em-
pires. We might thence follow its burning streams into
the abyss from whence it again breaks open its barriers,
lifting mountains, raising islands, or, if at liberty, uniting
to water, boiling up in the shape of whirlwinds or clouds
which darken the firmament. This indestructible agent
then divides itself in various scintillating meteors, or by
its sudden combination with air, forms the lightning, and
by tremendous electrical detonations, spreads terror and
devastation among mankind, threatens nature with the
perturbation of all established order. ITowever, you may
master Calorie, Gentlemen, you may attract it from the
regions above under your lens and concentrate it in your
crucibles, where, to your command, it will melt or volatilize
the hardest metals, reduce rocks to the elasticity of clay,
and clay itself to the adamantine hardness; where it will
be disposed by your processes into fixed and opaque sub-
stances to arrange their pores for an easy passage of the
light! With you it will create, as it were, aerial and in-
visible bodies among all the known substances you can
enumerate and those that can be suspended in a gaseous
state. After such comparative results philosophers may
explain elementary laws concerning the atiributes of mat-
ter; they are able to explain, likewise, the revolutions of
seasons and the phenomena of the atmosphere. With the
capillary tubes of observation they may measure spaces,
density of air, and gravity of fluids. How often scholastic
philosophy blundered on those simple subjects when chem-
istry had not yet controlled all other sciences! The first
who measured the parabola of a bullet launched into the
air by the thundering explosion of a cannon attributed the
almost incandescent heat of the metallic globe to the det-
onating mixture, because to chemistry only it belonged to
demonstrate the power of friction in disengaging heat
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from its latent recesses. Other erroncous doctrines on that
noble agent of nature which so often has been mistaken
for a modification or produce of matter have been ex-
ploded! The supreme laws of the existence and diffusion
of Caloric in nature are its necessary tendency to equilib-
rium with external temperature, and its power of over-
coming the cohesion of particles to satisfy its affinity with
them. But let us not pass over that other phenomenon of
affinity unnoticed. Without the knowledge of its laws
philosophy would be mute at the view of the stupendous
works of nature, or she would be obliged to conceive as
many deities as there are prodigies in the creation.
Affinaty. This is the great power which arranges, unites,
and hardens homogencous particles of matter and exerts
itself likewise with due proportion upon heterogeneous
substances. Under the heavy foundation of mountains,
in the deepest subterrancous cavities of the earth, in the
bottom of the seas, no where it finds obstacles sufficient to
oppose its operation, except Caloric accumulated could
suspend their effects to a certain degree. Yet distance can
truly impair or weaken the power of affinity; approxima-
tion, of course, will augment it. In itself it is composed
of many tendencies, but these remain incommensurable.
Their insulated effect is nil, and, as soon as they are simul-
tancous, they become effectual. In fine, affinity, which is
attraction, adhesion, cohesion, and aggregation, by the im-
mediate result of elective power is the primary cause of
dissolution and decomposition. Now let the philosopher
listen to the laws of affinity, and the minutest circum-
stances will be explained, from the spherie form of a bubble
of air, or of a drop of water, to the various degrees of eleva-
tion of fluid in capillary tubes, or to their pressure by the
same, both effected in inverse ratio of the squares of
diameters. To these we may add the phenomenon of blaze
in ignited bodies, the mechanism of breathing and renew:
ing animal heat by the decomposition of common air, buf.
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more especially, the effects of the refraction of light. The
philosopher may, no doubt, well explain how the density
of the rays of light is like the square of the distance from
its focus; how it is transmitted to the retina; in what angle
it is reflected and at last refracted. To these elementary
laws of optics—catoptricks and dioptricks—the chemist
adds a question, ready to answer it: What is light?

Light. Light, which adorns the whole ereation by an
infinite variety of colours, because cach colour is light
presented in a different angle of refraction or refrangi-
bility ; light is the element of all the worlds, of innumer-
able solar systems and comets; light and caloric are as
often united as vital air and Azote are aggregated to form
the atmospheric orbit of the earth; yet, caloric may be
present without light, and vice versa: light ranks the first
among the clements of nature by its tenuity and elasticity,
for, more rapidly than any other, it can traverse the im-
mensity of spaces. It cannot be said to be like a modifica-
tion of a diffused subtile atter, because we trace sub-
stances, with which it has an eleetive affinity ; it stimulates
animated bodies, and to vegetables, it is as a last component
part necessary to develope their succulent juices, their
splendid flowers, their robust fibres, and their luxuriant
colours. No paradoxical doctrine will ever be able to erase
from the books of Philosophy such truths inseribed in it,
by the hand of the chemist.

Atmosphere. Behold! another field is open; but to the
most ingenuous philosopher it will appear a dreary soli-
tude, an immense desert, until Chemistry discovers in it,
all the elements of the productions of nature. Air, that
invisible fluid, but so scnsibly perceived by our organs,
has long been the object of innumerable investigations,
yet in our days only, they have been successful. The
learned among the ancients, filled up their atmosphere
with their Genii, to explain contrary effects of that in-
visible orbit; and among moderns, it has long been a de-
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sideratum to account for an element which appeared
necessary to fertilize the fields, and to nourish life, while
it was dreaded as the destroyer of agricultural labour, or
the vehicle of contagion and death among mankind. The
attributes of its particles were still more incomprehensible,
when it was considered that with a rapidity to be com-
puted only by the imagination it could transmit light and
sound, although they would be agitated in a thousand
contrary directions. The pressure which it exercises round
the globe, to the center of which it gravitates, was, at
first, discovered by Torricelly, who traced to what height
a column of fluid could be equal by its weight to the supe-
rior pressing column. More of its comparative gravity
with other fluids was still better defined, when Monge
declared that, if the whole atmosphere could disappear,
all the liquids on earth would suddenly rise, be converted
into vapour, and form another atmosphere; but all these
progressive views scarcely unveiled one corner of a more
extended view of the laws of nature. The chemist attempted
the analysis and synthesis of atmospherie air, and it was
performed; morecover, he found out, and dcmonstrated,
that its component parts could be equally concrete and
fixed in organic bodies, or combined with other various
solid substances; it has then been proclaimed that the
Oxygen and Azote constituting common air were noth-
ing but another modification of matter itself, and a con-
tinuation of the chain of existing bodies. It was no more
problematic afterwards, to ascertain how this fluid ad-
ministered life to us, as often as there are instants during
which we are allowed to exist, or how it effected the most
principal changes and modifications in the animated or
inanimated ecreation. The pneumatic observer could soon
disengage the component parts of atmospheric air, from
common materials, and imitate a new creation. Let honour
be given to the memory of the great Newton; he was the
first who predicted the prodigies of our laboratories: ‘‘Si
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se tangerent,’’ said he, ‘‘particule aeris—aér evaderet in
marmor,’’ * but without the science of Chemistry, that
oracle could never be explained, and philosophy could not
advocate as a true proposition, that the atmosphere is the
last reservoir where the elements of all bodies are ulti-
mately received, and from where again they are sub-
tracted to create bodies and to support organic life: there
is demonstrated another axiom long ago proclaimed by
Lucretius, ‘“nothing is annihilated in nature.”’ As soon as
she has effected a dissolution, she exhibits in her very
bosom the consoling power of a new creation!

But from the eclevated regions of Heaven, and from all
the primary elements and phenomena of the world, the
mysteries of which have been disclosed by Chemistry, let
us more minutely fix our attention on the surface of our
globe. A more admirable view of the analysis and com-
binations of all existing bodies; their formation, growth,
alteration and destruction, their treasures and deleterious
qualities, every thing will be unveiled by our processes.
More evidently we will then enumerate the infinite im-
provements which are applied to arts and manufacture by
mineral, animal, and vegetable Chemistry.

Mineralogy. You are fully acquainted, gentlemen, with
the difficulties and confusion which attended the science
of mineralogy, when laborious researches and observations
were transmitted through external and erroneous charac-
ters. Some such as Gellert and Wallerius could not dis-
tinguish any thing else but vitrescible matters, or argil-
laceous or apyres, or alkalines and calcarious: others would
prefer the general division of earths, sands, and stones.
Some simply divided minerals into earths, salts, combusti-
ble and metallic substances. As late as the year 1784, the
famous Daubenton took another erroneous classification,
consisting of negative characters, of insoluble, incombusti-
ble, metallic, then transparent, and crystallized, smooth,

* Tract. de nat. acid.
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&c. Now we may observe, that these descriptive methods
could not add the least improvement to science, and that
they contributed to many erroneous assertions. It is not,
for instance, by the presence of a metal that the ponderous
spar is to be judged, since its basis is a primitive earth,
and if this is a Tungstat of lime, or if the Wolfram itself
(which is thought, by many, another kind of primitive
earth) is nothing but an ore of Tungstein, we are to be
determined in these various opinions by accurate analysis
only, and in no ways by external characters. Were these
to fix our mineralogical definitions, by what given habi-
tudes would we be justified to class the beautiful fluorie
spars of Derbyshire, or fluat of lime, among insoluble neu-
tral salts? Error would be still more egregious and un-
avoidable between the Sulphures or Molybdena and the
Carbures of iron, which are so absolutely resembling each
other. It has been found that a Borate of limme may
spark and scintillate as well as quartzose substances; that
metallic carbonates must effervesce with acids, in short,
there is not one descriptive method, but it will in many
points lead us to contradictory facts. So sensibly was
Daubenton convineed of their deficiencies, that he ex-
pressed his wishes for a method founded on analysis of
constituent principles. Foureroy begun it in 1780, but
the Seyagraphy of Bergman still better demonstrated the
superiority of the method of constituent principles. This
doctrine was embraced by Monge, who retained external
character for varieties only; by Kirwan of England, Wer-
ner, Dezbern, Cronstedt and Chaptal; thus the science of
Mineralogy was forever added to the dominion of Chem-
istry.

‘With this conquest, we will not however consider it as
the chief point in Chemistry, to form theories on the
primitive state of the carth, to explore the ruins of ex-
tinguished volcanoes, nor the most antique works of nature,
from the grotto of Fingal to that of Antiparos. We will
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not indulge to the idle curiosity of enumerating the causes
of the granitic ridges of mountains and of the calcareous
secondary ones; we may dispense with contemplating
whether the ocean has once been an atmospheric orbit,
during the original conflagration of the Earth, or how,
after its condensation it insensibly retired from the polary
regions, and elevated plains of Tartary, to its IPacific
and Atlantic bed, leaving everywhere immense masses of
animal and vegetable productions. Ilowever useful to
science, these mineralogical essays and deductions would
be, with more real advantage, the chemist will be contented
to analyze mineral substances, and to procure those which
satisfy our wants, constitute our wealth, augment our
comforts, which enriches our arts, and manufactures.
Nitre. Among these, Nitre may justly occupy the first
rank. Any thing reclative to the production of that pre-
cious saline matter is interesting as much to save expensive
importations, as to perfeect manufacturing processes. Let
me remind you of that awful period of the French revolu-
tion, when the fate of 30 millions of people, divided, con-
fused and famished, ruined and surrounded by sca and
land, seemed to depend on a sudden formation of saltpetre,
that only means of defence, which was exhausted. Various
ingenious ways were devised by the learned,—saltpetre was
formed,—and the tyrant’s phalanx being dispersed, Liberty
was triumphantly obtained, thanks to analytic science.
To all the known processes which may procure Nitre cither
from artificial beds, or lixiviation of certain substances,
we now may add that of the decomposition of common
metallic oxyds, and of ammoniac; but the most surprising,
if further experiments could evince its efficacy, would be
that of procuring the formation of nitric acid by an only
tenfold compressibility of the aggregate Oxygen and
Azote composing atmospheric air. Various attempts with
ingenious apparatuses promise great success, and if Citizen
Guyton is not disappointed in his expectation, with grati-
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tude, Chemistry will receive from him the power of ac-
celerating the operations of Nature.

Ozygenated Muriat of Potash. It was during that la-
mentable period when the friends of Liberty were, with
importunity, compelling nature to supply them with some
new means of defence against their foes that the dis-
covery of Berthollet, on the tremendous fulmination of
Oxygenated Muriat of PPotash was again resumed.—In this
age of reason and benevolence, let us never boast of in-
creasing the power of destruction, sinece the prevailing
Philanthropy exerts itself against any system of warfare.
We only remark, therefore, that from various habitudes
of the Hyper-oxygenated Muriat of Potash, the most sur-
prising effects are to be reckoned among the laws of nature.
If you take about 20 Centigrammes, or 3 grs. of that saline
matter, with one third of pulverized Sulphur, you may
by a slight trituration, produce several detached detona-
tions: but wrap up the mixture with paper, put it between
an anvil and a hammer, strike a blow and the detonation
will be equal to that of a cannon, surrounding you with
a purple blaze, and white smoke.—With several other mix-
tures of that salt, shock or percussion will equally oper-
ate with the most tremendous power. This mechanical
effect is therefore equal to that of calorie, or of fire com-
municated from one body to another. This singular phe-
nomenon had been witnessed, although in a very small de-
gree, in the gun powder, but it had not been attended, in
this point of violence, that, by compression, the particles
of Oxygen could unite to those of inflammable bodies, and
form an abundant gazcous fluid to which a great quantity
of calorie, gives such electricity as to strike on the air with
an unparalleled violence.

Under the unremitting exertions of chemists, Mineralogi-
cal enquiries have developed as many curious facts as
there were improvements to be added to all known proc-
esses, for obtaining muriatic acid, for cheaply crystallizing
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the sea salt, for extracting the soda, for preparing the
muriat of ammoniae, for purifying all combustible min-
erals that can be converted to our use, for preparing
metals, and converting them to the most useful purposes,
for adding new ones to the treasures we were already pos-
sessed of; but one of the discoveries of the latter kind is
too remarkable not to be fully detailed here.

Cast Stecl. Long before the Phlogiston of Stahl had
been exploded by the new analysis, and in spite of all the
beautiful experiments of Bergman and Priestley, nothing
very certain was known on the fabrication of various sorts
of steel. Not longer than twelve years ago, it was dis-
covered at last that carbone only, in due proportion, would
constitute various sorts of fused iron, and of steel: But
the English, who had been long in possession of a more
perfect kind of cast steel, could not in the least be dis-
turbed by the repeated researches of Vandermonde, Monge
and Berthollet. The latter had ever declared that he
was at a loss to account for the character of that precious
metal. But a mystery which had been perhaps fortu-
itously discovered, which avarice and cupidity had so long
concealed, was at last disclosed by the ingenious Citizen
Clouet and made public with a liberality which altogether
honours science and the National character. The whole
secret was I believe, found out by analogy; as different
quantities of fused iron and steel were known to be the
result of various proportions of Carbone and of few vi-
trescible substances of the original ore. It was therefore
concluded that a more intimate union of that element, and
of the purest clay, with the best iron, effected sponta-
neously at a due degree of heat, could form the famous
English cast steel. Liberal private means, and even na-
tional expenditures have been largely and sedulously ap-
plied to numerous experiments, at the wind furnace of
Macquer, to the 150th degree of Wedgwood’s Pyrometer.
The results, gentlemen, have magnificently equaled the

62



CHEMISTRY IN AMERICA

most admired steel of Huntsman and Marshall. The new
theory of our chemistry has besides acquired another illus-
tration of the elective affinities of iron, for Carbone, since
the Carbonate of lime, or marble in dust has been offered
to it. The fixed air has been decomposed, and the results
have been equally successful. So much for the wonderful
secret of the cast steel of Shefficld, Yorkshire.

Alumine. Before I terminate this article of mineral
chemistry, let me remind you, gentlemen, of the great
advantages obtained by other nations, from the class of
alumines only. Among the compounds in which that prim-
itive earth is predominating, they have found all the ma-
terials from the common tile and brick to the most ecle-
gant works of Porcelain. Not only various kinds of clay
have rendered infinite services for the commodities of life,
but they may be turned into the best instruments of arts
and utensils of manufactures of glass. Some clays have
been found likewise to be good manures, and others are an
excellent substitute for soap in the Fuller’s art.

That America possesses such treasures, it is needless to
prove, and that they have not yet been applied to the
use of the community, it is also an object of regret. Do,
gentlemen, let a liberal patriotism animate your scientifical
pursuits, among you who are to see the glorious days of the
trans-Atlantic Republic. Incourage and repeat mineral-
ogical experiments on all kinds of Alumine, the first who
will successfully procure manufactured works of the
kind and tolerably good earthen wares will deserve
well of his country and be rewarded by the gifts of for-
tune.

Vegetable Chemistry. By offering you a few more ob-
servations on Vegetable chemistry, I hope I will further
illustrate the dominion of that science over all the branches
of natural Philosophy. Indced, not only the most inter-
esting materials upon which we operate must be obtained
from vegetables through the processes of combination,
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but the chemist moreover is called upon to explain the
phenomena of vegetation.

Vegetable analysis has offered us three elements only,
in vegetation : Carbone, Hydrogen, and Oxygen. The num-
ber and proportion of these principles will afterwards be
sufficient to answer any question on different other re-
sults of vegetation.

Observation demonstrates that water and Carbone are
the real nutritive principles of vegetation, that is to say:
Hydrogen and Oxygen are afforded to them by the de-
composition of water, while Carbone is procured from the
decomposition of animal and vegetable matter. All this
is confirmed by the analysis of the fibrous part of plants
which are a mere aggregate of Carbone. But in what
manner is Carbone carried into all the parts of a plant
or tree? By what means can it circulate in them? by
what solvent is it rendered the precious food of vegetables?
The solution of all these problems, gentlemen, is provided
by correct and incontrovertible experiments.

Pure charcoal such as it is left in our hearths, or mixed
with any kind of pure and dry earth, could not certainly
be spread on the ground, and depended on as the best
manure. But on the other hand, do not we know that dead
vegetables (from which much carbone can otherwise be
procured by combustion), when relaxed or softened by
maceration and putrefaction, are indeed the best materials
for an excellent manure? ITow shall we account then, for
the striking difference of pure carbone being ineffectual
for vegetation, and of compounds of carbone becoming so
evidently necessary to it? why, in the latter case, that ele-
ment is truly held in solution, by oily, extractive, alkaline
and resinous vehicles. Now water, which has the faculty
to dilute those natural combinations, becomes itself the
solvent which carries carbone through all the system of
vegetation,' and by which nutrition and digestion are ac-
complished.
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To proceed to the last stage of formation and growth
of vegetables, let us mention, that air, and perhaps azote,
calorie, acids, motion, and even rest, may suffice to precipi-
tate the carbone. These other eventual agents therefore,
which everywhere are found aective, are those that effect
the econcretion and growth of any fibrous matter—these are
wholly explaining the principles and mysteries of life in
vegetation, because they support and animate its organs,
distribute the nutritive matter, modify the action of per-
turbating causes, preside over all the operations of that
living laboratory of nature, just as the Chemist direects
the operations of his own, and changes the results by
altering the form or number of his reagents.

These general principles being established by analysis
and synthesis, who can deny that Chemistry teaches the
natural philosopher, how in the system of Nature, primary
substances can be arranged so as to form organized bodies,

. and from thence, obtain such attributes with which
we were formerly unacquainted, active attributes! which
we never dare assign to matter! But if nutrition, growth,
and decomposition of plants, are explained by the laws
of chemistry, how much better any precepts respecting the
choice of their soil, climate and temperature, of their man-
agement and multiplication, will be derived from the same
science? mnot only agricultural rules are connected with
Chemistry, but it dictates likewise a kind of vegetable
Medicine, which has its institute in Agriculture, of Hy-
giene, of Clinics and of Theurapeutics.

Vegetables as objects of analysis are to be considered
as containing substances and compounds necessary to
our pleasures and comforts, to arts and manufactures.
Such are mucilages, oils, rosins, fecula, gluten, Sugar,
various acids, colouring matter, wood, extractive substance,
the Aroma, and the Oxygenous gas which all vegetables
emit by their excretory organs; of these subjects I can
now notice but few.
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Nutritive Principles in Vegetation. It was very difficult
formerly to define which of the component parts of vege-
tables would afford a wholesome and nutritive food. The
mucilage which exists in them, variously elaborated with
acids, gums or sugar, has been at last pointed out. Analy-
sis has even traced that food in the abundant and pul-
verulent fecula which constitutes the greatest quantity of
substance in our grains, roots and seeds, the same prin-
ciple admirably combined or deposited in different organs
of plants is the very means of their propagation, growth,
and fructification. In whatever plant it is more or less
abundant, in what parts it can be more or less concentrated,
it cannot escape the analysing investigation of the chemist
who might extract a wholesome food from rejected vege-
tables and insipid roots.

Other treasures, gentlemen, are discovered by the leading
method of analysis. As soon as oil, that precious vegetable
produce, was known to be an intimate compound of Car-
bone and IIydrogen, as soon as its various gelatinous
states, fixed and volatile, were ascertained the very organs
of the plants in which it is abundant, were easily detected.
Hence by comparative results of one known species bear-
ing resemblance to another, by the shape, taste, analysis,
of their pulps and seeds, it was found out that common
bushes spontaneously growing, might supply us with one
of the most indispensably necessary products, at least for
lamps and manufactures. Such are the Onopordum Acan-
thium, and the Evonimus Europaus.

The union of these oils, with alkalies to form soaps is
the only advantage that had been obtained, but that they
can also, through various processes, combine with earths,
acids and oxyds, it has been minutely described, compared
and experimented. Pharmacy has therefore already ap-
propriated those processes to several preparations more
useful and agreeable—Poisonous and metallic oxyds the
only trituration of which was highly dangerous, have been
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fely elaborated while enchained by oil, which has been
terwards easily removed; the art of painting has like-
ise been enriched with more imperishable colours. Al-
ady Citizen Merime, with oil and Copper has splendidly
'‘namented apartments with a new and inimitable Verd
niique.

Acetite and Acctate of Copper. Acetite of Lead. On
. other hand, it was well known that certain vegectable
iids when united to metallic oxyds, could procure precious
aterials for painting and dyeing. But the simplest and
leapest processes were never reduced to easy principles
at could correspond with mechanical means and with an
ieful routine among poor manufactories: if such an 1m-
‘ovement has been obtained from chemistry, it must be
nfessed, that it imparts its treasures even to the industry
" the ignorant, and does not permit that they should be
onopolized by a few individuals.—It had been a branch
" commerce and considerable revenue, anciently estab-
shed among the people of large districts of France, to
‘epare the Acetite and the Acctate of copper, with the
etite of lead. They could not certainly make a more
‘ofitable use of the remaining grounds of their grapes,
ter the vinous fermentation. Their mechanical and easy
erations were always the same, handed down without
iprovement from fathers to children, until they were
reatened to lose their annual produce by the concurrence
! the Ilollanders wha manufactured and introduced,
uch purer and finer Acetite and of course preferred,
iefly for paints. The chemists of France immediately
quired into the causes of the inferiority of the metallic
:yds; they found it put in the great quantity of extrac-
ve principles in the grounds of grapes, and in several
erations of the processes which were mechanically ex-
uted; they devised everything accordingly ;.they traced
the poorest and most ignorant, the way of simplifying
eir work; they substituted distilled vinegar in some
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cases, so that in a little time the most beautiful oxyds and
crystals were obtained ; the danger of any concurrence was
removed among thousands and thousands, of their grateful
countrymen.

‘What improvements were by the same time added to
the tanneries of the country, under the philanthropie and
ingenious excrtions of Citizen Seguin! He accurately
demonstrated the theory of the singular effects of the
tanning principle which was formerly quite undefined.

This is the Galliec acid which dissolves the gelatinous
matter, and precipitates it to consolidation, just by its
various degrees of concentration. From the discovery it
was concluded that the art of dyeing was in many respects
a colouring tannage which should not only please the eye
by flattering colours, but should remove even the solubility,
or the corruptible tendency of woolen cloths. This ad-
vantage has been already experienced in the hospitals and
armices. 1f the tanning principle is too abundant in ecol-
ours extracted from wood so as to oppose their beauty,
it is vice-versa concentrated by gelatinous matter, in short
the quality of all coloured silks, wools and cottons, depends
entirely on the colouring matters, and on its mordent. I
would not, gentlemen, fatigue your attention by a long
series of other precious facts, every day obtained from
Chemistry in objects of the greatest utility. Let it be
said only that they are all admirable and ingenious. Such
is the reduction of mordents to as few ingredients as pos-
sible, for the preservation of Cloths, just by previous im-
pregnation of oil; such has been that of reddening by
acids, the blue colouring matter of the Brazilian Wood;
that of dividing two colours confused in one, and the
beautiful Yellow and Red in the Carthamus Tinctorious;
that of employing fermentation to destroy the extractive
principle that contaminates the colours; that in every case,
of counteracting the development of the red by the Al-
kalis, and the incomparable process, in fine, introduced
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in manufactories of Cloth, by Chaptal, to supply the Soap
necessary to mill, to cleanse, and to felt, at the proportion
of 48 pounds for 100 of cloths, with an animal soap ob-
tained by the decomposition and solution in Alkaline lixiv-
ium, of all woollen rags, and worn out materials that are
rejected in vyarious operations in manufactures of that
kind. It is necessary to add that no inconvenieney in this
cconomical process has been discovered which has not been
effectually removed. These and other facts are very
simple, but they require the penetrating attention of the
Chemist, to be referred to the fundamental elements of
the science, ever before they are applied to uses, experi-
ments, rules of art, and to processes of manufactures.

Animal Chemistry. Passing through a great number of
discoveries and useful results, for which we are indebted
to vegetable chemistry, I come to the last part of our
division, that of animal Chemistry.

Medicine. With that definition, you anticipate me in
the series of late discoveries and extensive improvements
which in all its branches, Medicine has received from
Chemistry. That science which dircets all its pursuits
to the preservation of health and life, to the relief and
cure of human diseases, had been reduced during many
ages (and by the most unaccountable fatality) to absurd
systems, or had been composed in its institutes, of few
good precepts, and so few accurate observations that it
was inadequate to the wants, or little entitled to the con-
fidence of mankind. About the beginning of the last
century, however, the institutes of Medicine appeared to
be connected with as many of the physical laws, as can be
applied to Physiology. Yet various contradictory systems
continued to be advocated, without much retarding the
progress of that science. But alas! in a period not much
remote from our days, it has been again confused with
metaphysical entities that have no conncction at all with
the laws of nature, and which as attributes of animated
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matter are unintelligible, erroneous and absurd. At last,
in imitation of chemistry, the spirit of analysis has pre-
vailed in all the branches of natural philosophy, and con-
sequently the friends of the healing art, who wished in-
dependently and usefully to pursue the career of their
labour, have renounced all logical systems, and composed
their institutes of medicine of such facts and aphorisms
of the ancient and modern, that experience had rendered
incontrovertible with all the results that physical laws and
analytic animal chemistry, could consistently offer to their
medical investigation.

But here, Gentlemen, let me bear evidence against the
unrestrained spirit of novelty and the unphilosophical
theories which of late have been mistaken for physiologi-
cal and Chemico-medical improvements. For whatever is
handed to us of the results of animal chemistry useful to
Medicine, is sufficient to recommend the connection of both
sciences, without any gratuitous, singular and perhaps false
applications. I do not pretend to controvert here the
supposed discoveries of Girtanner, of Beddoes, Davis and
others, who with so rapid strides through the scabrous path
of science, have promised to themselves and the publie, to
open a new Era, and to dispel from among mankind all the
diseases they were necessarily subject to. There are, Gen-
tlemen, enthusiasts and fanatics among Philosophers, as
well as among devotees and scctaries. Human understand-
ing and science may likewise be degraded by assumed
notions and fanciful theories, as much as they can be by
the effect of ignorance. Indeed those Philosophers of Ger-
many who pretended once to explain the case of a child
born with a golden tooth, without having previously as-
certained the evidence of the fact, were no less ridiculous
than new theorists deserve to be thought, when they pre-
tend to explain animal irritability by Oxygenation, and to
cure discases, with certain gases, without having in the
least established how much and in what respect the at-
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tributes of animated matter, could be assimilated to any of
the laws of elective affinity, nor to the habitudes of the
elementary principles in nature. No, no, the Loco-motive
power of life, or rather, animal irritability has nothing in
its effects that can be connected to those of the substances
that we can torture by chemical processes. The simple
contractibility of a muscular fibre, or the active secretion
effected in the cavity of a viscus, will ever baffle our en-
quiries, and all the vast comparative systems, which we
would derive the most ingeniously, from the laws, habi-
tudes and combinations of the existing inanimated bodies.

Physiology. But if theories on organized and animated
matter, or physiological causes of life and health, and on
the origin of diseases, are to form a book of aphorisms
perfectly distinet and different from the elements of Chem-
istry, there are however, certain points of contact, between
the functions of our organs, and all the laws of nature, in
which, much good has been done; important discoveries
have been made and many more are to be expected in medi-
cal science, from Analysis and animal Chemistry. To it,
for instance, we are indebted for the knowledge of that
kind of combustion of atmospheric air, which is effected
in the lungs, of the Oxygenation of the blood, of the origin
of animal heat, and of interesting conjectures, supported
by experimental observations concerning the causes and
characters of malignant fevers, and of their inflammatory
or anomalous symptoms. To these great acquisitions we
must add the Analysis of animal solids and fluids, the com-
ponent parts of which have been admirably enumerated,
and likewise some mysteries of their growth, distribution
and final dissolution.

Pathology. Of course, new Pathological views have
been judiciously offered, respecting certain visible or in-
visible agents, which cause perturbation of animal life;
among them, deleterious gases, by their operation on ani-
mal irritability, stimulant, sedative or poisonous, have
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really disclosed a long series of our diseases. Animal
Acids, chiefly, and other primary combinations in the
blood, in the bile, in the bones, in earthy concretions and
others do form, Gentlemen, the most precious collection
of facts and observations, that ever medical science could
be improved with, for the relief and cure of a good many
diseascs. Let me mention one only, to prove the useful
applications of chemistry to the science of medicine.
Phosphorus. Phosphoric acid, obtained from human
bones, and of that produced by the deflagration of Phos-
phorus, lately induced Vaucquelin and Foureroy, minutely
to investigate the habitudes of the Animal substance.
Their experiments accurately pursued in various Analytie
and Synthetic ways, proved beyond any doubt, that when
100 parts of Phosphate of Lime, were treated by mineral
acids, any of these however, concentrated could not precipi-
tate but 24 parts of Lime, and that of the 76 remaining,
17 only escaped as pure Phosphoric acid, while 59 parts
of acidulated Phosphate of Lime were kept, in solu-
tion in the Sulphurie, or Nitrie, or Muriatic acid. But
these 59 parts being again decomposed by the Oxalic acid,
or more cheaply by the Nitrate or Acetile of Lead, would
afford the whole proportion of Phosphoric acid, which
with the above portion of 17, effected exactly 41 parts of
that acid, which can saturate 59 of Lime to form 100 parts
of Phosphate of Lime. Without mentioning here the rea-
sons they assigned for that singular order of combinations
nor the incontrovertible facts by which it is demonstrated,
I come to the conclusion. Phosphoric acid has then the
power of holding in solution the Phosphate of Lime, and
strange to say, in that state is but partly attacked by
mineral acids, while it entirely yiclds to the power of vege-
table acids. Therefore, Phosphoric acid, must be powerful
enough to soften, decay and distort the bones; and to its
superabundant presence only, such disorders in those solids
must be aseribed. Moreover, if by any cause whatever,
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the usual secretion of Phosphoric acid effected through
urine, is interrupted, the consequences will necessarily be
injurious to the very support of our frames, by attenuating
the Phosphate of lime of the bones, by causing it to deviate
in our fluids, or in membranous parts, where it will accu-
mulate, or obstruct and torture the most delicate organs.
Now, such is, in this instance, the help we have received
from Chemistry, that we may oppose to the greatest rav-
ages in animal economy, if we know which is the super-
abundant principle that must be counteracted: and thus,
in an infinite number of other cases, Chemistry teaches the
Physician, on what necessary combinations animal func-
tions are depending, by what assemblage of substance,
Providence has marked the order of succeeding periods
of Life.—I had almost said, even of Death; because, when
that other modification of existence takes place-—Chemis-
try can still more triumphantly operate on that remnant
of a Divine work, disunite all its aggregate compounds,
and trace their particles to their original elements!
Pharmacy. This is not all; it is interesting to consider
a moment with what simplicity and regularity, Chemistry
has in general, composed our precepts of Theurapeuticks
and methods of Pharmacy. How long and how often the
exhibition of remedies has been confused by Empiricisms,
embarrassed by ignorance and endangered by avarice!
The learned of all ages ever lamented the almost insep-
arable evils of that branch of the healing art, but their
regrets or their cares were ever inadequate to the accurate
knowledge of the virtual properties of remedies, and of
their proper classification. Behold! now Chemistry has
swept off all the dregs of quackery and ignorance; it has
detected the imposition of useless compounds, the fallacy
of celebrated nostrums, and has exposed the danger, or the
inutility of wondrous specifics which had been handed
down by a credulous or fanatic care, as the most power-
ful agents in the cure of diseases. The Revolution in
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Science, as effectual as that in the political order, has
equally silenced every kind of assuming authority, and of
fanatic delusion. The universality of Analysis among all
the productions and bodies in nature, has traced, all laws,
all virtual properties, and almost all possible combinations.
Away, therefore, with the vender of nostrums, who cannot
rank among philosophers and chemists; away with the
physician whose incapacity or equivoeal qualifications
could have been formerly usurped under the garb of
Science, and of literary titles. These, and all propagators
of evil and errors, cannot stand the test of science, because
like truth, science has impressed its features on the physiog-
nomy of its votaries. Science is possessed of its own lan-
guage, and that of chemistry, which has substituted its
nomenclature to the absurd and unmeaning definitions of
the old, is the last trait, gentlemen, which distinguishes
its adepts from the vulgar or unskilled, as much as it
guards its discoveries against any unfounded innovation,
and exalts its supremacy, among philosophical sciences, by
the language of truth, which belongs to it alone.

Here I conclude, Gentlemen, an imperfect survey of the
improvements procured by Chemistry, to Philosophical
Sciences, Arts and Manufactures. I may, very justly
say, that society has received more real advantages from it,
in a few years, than during all the preceding ages of
ignorance, or of imperfect knowledge of the Laws of
Nature. I could not advert to every interesting view of
that Science, within the short space of time I have fixed,
and perhaps, fatigued your attention.* With regret thus,
I have almost omitted to deseribe its flourishing cultivation

*In the Philadelphia Laboratories new experiments have been
lately instituted, relative to the tremendous effects of the fulminat-
ing mercury. The galvanic influence also, that astonishing phe-
nomenon of PERPETUAL MoTioN, has been minutely investigated by
Prof. Woodhouse, both through the METALLIC PILE and the CHAIN oF
Cups oF VoOLTA.
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in the Universities and Colleges of this great Republic.
The splendid talents of several of their Professors, have
still more promoted the sedulous emulation and the dis-
tinguished abilities of many students, in their numerous
classes. But in the name of your institution, I must notice
that in the Professor of Chemistry of this university, our
worthy President,* that science has not only gained a
strenuous vindicator of its doctrines, but also a liberal in-
quirer after truth, an elegant, and successful experimenter.
—You remember what a great man he has had to contend
with; Priestley to whom our science is so much indebted,
and whose opinions and experiments are to be consulted,
in any of the clementary processes of our Laboratories;
Priestley, who commands respect in his Chemical contro-
versies, because, as long as some mysteries in Nature will
perplex the Philosopher, he is entitled to the same degree
of evidence, which he has exhibited in his doctrines;
Priestley, the persecuted friend of Liberty, of Religion,
and the model of all social and private virtues. Honored
is our Society with such Members; congratulated is the
Republie, with such Citizens, and happy is the rising gen-
eration with such philanthropic examples, which have
already opened to you the Golden Era of sCIENCE and
LIBERTY.

* James Woodhouse.



CHAPTER IV

HE preceding lectures demonstrate the aim of the

Society. It is not too much to claim that in this

new country very great efforts were being made to pro-
mote and to advance chemical thought.

‘Woodhouse (1770-1809), pioneer in the advocacy of the
new chemistry and in the fostering of the science in the
United States, was a native of Philadelphia and a graduate
of the University of Pennsylvania, where he afterward
taught chemistry with credit to himself and his fellows.
He is said to have been the first to demonstrate the superi-
ority of Lehigh anthracite coal over the bituminous coal
of Virginia for reliability and heating power. He wrote
extensively and was the translator and editor of a number
of books relating to the science of chemistry, among which
is Chaptal’s ‘‘Chemistry,”’ edited with copious and most
interesting notes. A ‘‘Chymical Catechism’’ was the last
but not the least of his writings. His ‘‘Young Chemist’s
Pocket Companion’’ is, in all probability, the first pub-
lished guide in experimentation for chemical students.
The title page and two pages of directions are here intro-
duced.

‘Woodhouse, as mentioned, was deeply interested in the
establishment of the anti-phlogiston theory, and we find
that numerous contributions of Joseph Priestley, which
appeared in the ‘‘Transactions of the American Philosophi-
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another : it is improper for combustion or
animal life; forms neutral salts with the al-
kalis, and is absorbed by water.

It is used to deteft the presence of lime.
with which it forms a white insoluble com-
pound.

EXPERIMENT XXXI.

Pour some lime-water into a wine glass,
and add a small quantity of the carbonic
acid to it, and a white precipitate will be
produced.

The carbonic acid unites to the lime, and
forms carbonate of lime.

Of the Sulphuric or Vitriokc Acid, or the
Oil of Vitriol.

The sulphuric acid is obtained by burn-
ing'a mixture, composed of one eighth part
of nitre, and one of sulphur, ina large
chamber lined with lead.

A quantity of water is placed on the
floor, to absorb the acid vapors.
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The nitre yields pure air to the sulphur,
by which means it is converted into the vi-
triolic acid.

The sulphuric acid is untuous to the
touch ; hence it is called the oil of vitriol.
It aéts strongly on combustible bodies, and
is decomposed by combining with them.

EXPERIMENT XXXII,

Put half an ounce of water into a vial,and
add one drachm of sulphuric acid to it,
and a high degree of heat will be produced,
which may be felt by grasping the vial in
the hand.

The sulphureous acid gas, or volatile vi-
triolic acid, is obtained by decomposing the
sulphuric acid, with a combustible body.

EXPERIMENT XXXIII
Put some sweet oil into a vial, and pour
upon it a small quantity of the sulphuric
acid ; connet a glass syphon to the vial, and
proceed in the manner directed to obtain

oxigenous gas. c
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cal Society” for 1799, were discussed at considerable
length by him. Ilis replies consisted chiefly of experi-
mental refutations of the statements of the great teacher.

An ANSWER to DR. JOSEPI PRIESTLEY’S ARGU-
MENTS against the ANTIPHLOGISTIC SYSTEM OF
CHEMISTRY, published in the Medical Repository, and
a VINDICATION of the PRINCIPLES econtained in the
72d Essay of the fourth Volume of the American Philo-
sophical Transactions. By JAMES WOODIIOUSE, M. D.

NO. L

First. ON THE REVIVAL OF A METALLIC CALX IN IN-
FLAMMABLE AIR.

‘When the focus of a burning lens is thrown upon a calx
of mercury, confined in hydrogenous gas, according to the
antiphlogistic theory of chemistry, the oxygen of the calx
unites to the hydrogen, and forms water; but, according
to Dr. Priestley, the hydrogen enters into the metal, while
the oxygen is found mixed with that part of the hydro-
genous gas which remains behind.

The Doctor declares, in support of this question, that,
in several of his experiments, the pure air, expelled by
the heat of the lens from the mercurial calx, was found
mixed with the remainder of the inflammable air, as ap-
peared by the test of nitrous air, and by some disagreeable
explosions which happened in the process.

ITaving performed the experiment of the revival of red
precipitate in hydrogenous gas, twenty times, without
having met with an explosion, I concluded that Dr. Priest-
ley’s inflammable air must have been mixed with atmos-
pheric air. I was of this opinion, because I never could
detect any pure air mixed with the inflammable air, after
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the revival of a mercurial calx in it, by the test of nitrous
air.

Since my answer to the Doctor’s two pamphlets, I have
frequently repeated these experiments, and with the same
results as before.

The focus of a lens was thrown upon red precipitate,
confined in sixty-two ounce measures of inflammable air,
when fifty-two ounce measures of the air disappeared. One
measure of the air which remained behind, tried by the
test of nitrous air, produced no red appearance, and gave
no absorption.

A quantity of the black oxyd of manganese was also
exposed to the focus of the lens, in fifty-six ounce measures
of inflammable air, when fifty-four ounce measures of the
air disappeared the remaining air was azotie, and contained
no inflammable or pure air, as appeared by applying a
lighted taper to it, and by the nitrous test.

Similar experiments were made in the presence of Dr.
Seybert, Dr. Jacobs, and Mr. Lee, gentlemen who are per-
feetly acquainted with the subject in dispute, and who
appeared satisfied, that pure air, expelled by heat from
a mercurial calx confined in inflammable air, is not found
in that portion of the air which remains behind.

I must, however, admit that I met with an explosion in
attempting to revive red precipitate in hydrogenous gas,
which I expected contained no pure air. The inflammable
gas had been obtained by adding the filings of the bar-
iron to water which had been impregnated with sulphur-
ated hydrogenous gas. Upon throwing the focus of the
lens upon one drachm of red precipitate, in eight ounce
measures of this air, an explosion instantly took place.
The pure air, in this case, could not have been given out
by the precipitate, for the mercury was not revived ; and,
as oxygenated muriatic acid * had been formed by the
experiment, I cannot account for the explosion until we

* Vide Medical Repository, Vol. III, p. 214,
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are better acquainted with the action of iron filings in
water impregnated with sulphurated hydrogen gas, and
the formation of the oxygenated muriatic acid which is
found in the process.

A strong, and in my opinion, a conclusive argument, in
support of the opinion that the oxygen of the metallic calx
unites to the hydrogen, and forms water, is, that the dis-
appearance of the inflammable air is always in strict pro-
portion to the pure air which the calces contain.

I have shown that iron absorbs twice as much oxygen
as copper, and that the calx of iron makes twice as much
inflammable air disappear when heated in it by the burn-
ing lens; and if a part of the pure air be driven off from
the oxyd of manganese by heat, and the oxyd be then ex-
posed to the action of the lens in hydrogenous gas, a very
small quantity of the inflammable air will disappear. One
drachm of the oxyd of manganese will make twenty-two
ounce measures of inflammable air vanish; but the same
quantity of manganese, exposed a few hours to a red heat,
will make very little of that inflammable air disappear.

In my first answer to Dr. Priestley, I said the manganese
was not revived, because no inflammable air could be ob-
tained from it by sulphuric acid and water. It, however,
in some cases appears to be revived, and is of a green col-
our, and the regulus of manganese is deseribed by authors.

I have often heated a large proportion of red precipitate
in inflammable air, confined by water, which would rise
in the vessel which contained it until the inflammable air
disappeared, when it would immediately begin to fall from
the pure air yielded by the precipitate.

In one of these experiments, the whole of the inflammable
air having vanished, and the pure air from the precipitate
having nothing to unite with, was found, unmixed, over
the water, and gave, by the test of nitrous air, an absorption
of 160.

If the theory of Dr. Priestley was true, that the pure

82



CHEMISTRY IN AMERICA

air of the precipitate was diffused among the inflammable
air, an explosion would invariably happen every time that
a drachm, or any larger portion of precipitate, was re-
vived in a considerable quantity of hydrogenous gas.

If one drachm of red precipitate was revived in sixty
ounce measures of inflammable air, it would give out ten
ounce measures of pure air, which would be mixed with
forty-eight ounce measures of inflammable air, and which
would never fail to cause an explosion.

Sccandly. OF THE CALCINATION OF A METAL IN PURE AND
ATMOSPIERIC AIR.

According to Dr. Priestley, when a metal is reduced to
a calx, in pure or atmospherical air, something which has
been called phlogiston is emitted from the metal, which
unites with part of the pure air, and converts it into azotic
or phlogisticated air. Ife also says, that the phlogiston,
in some cases, unites with a portion of the pure air, and
forms fixed air, and that this fixed air is produced by cal-
cining a metal which contains no charcoal.

In all my experiments upon the caleination of bar and
cast-iron, and copper, in pure and atmospherical air, I
could not find that the air which remained behind was in-
jured. When the focus of the lens was thrown upon sixty
grains of the filings of copper, filed for the purpose, con-
fined in sixteen ounce measures of oxygenous gas, twelve
ounce measures of the air were absorbed by the metal,
which was reduced to a calx. No fixed or phlogisticated
air was produced, and the remaining air was perfectly
pure.

Dr. Priestley replies to this experiment, that it is im-
possible to reduce sixteen ounce measures of pure air to
four, by calcining a metal in it, and that the remaining
four ounce measures should be perfectly pure—for to
make dephlogisticated air perfectly pure is hardly possible.
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The oxygenous gas which was used was obtained from
lead and the sulphuric acid, and gave, by the eudiometer,
an absorption of 195 by the nitrous test. Oxygenous gas,
cqually as pure as this, is seldom met with. It was said
to be perfectly pure, because it was supposed the whole
of it was devoured by the nitrous test, and that the re-
maining five hundred parts of a measure consisted of the
impurity of the nitrous air, which, Dr. Priestley acknowl-
edges, is very apt to vary in its quality, and very difficult
to obtain pure.

Although the Doctor has said, in the Medical Repository,
that it is hardly possible to obtain dephlogisticated air per-
feetly pure, yet, in his pamphlet entitled ¢‘The Doctrine
of Phlogiston established,’’ speaking of dephlogisticated
and nitrous air as the component parts of nitrous aecid,
‘“‘they unite without residuum or so small as not to enter
into any computation.”’ * (Page 9). If, then, dephlogisti-
cated air can be obtained to unite with nitrous air, without
any residuum, the dephlogisticated air must be perfectly
pure.

The oxygenous air which I have since used has been
of various degrees of purity, as 180, 178, 169, &e.

The focus of the lens was thrown upon the filings of
bar iron, filed for the purpose, confined in fifty-two ounce
measures of oxygenous gas, which had been well-washed
in lime-water, and was of the purity of 175. Thirty-two
ounce measurcs of the air were absorbed by the metal,.
which was reduced to a calx. One measure of the remain-
ing air, tried in a cudiometer tube over lime-water, gave
an absorption of five hundred parts of fixed air. Another
measure of the remaining air, first washed in lime water,
gave, by the nitrous test, 170.

Repeating this experiment, by melting the filings of

*In the Transactions of the Royal Society of London, for 1791,

p. 215, Dr. Priestley also speaks of dephlogisticated air so pure as
to coutain no sensible quantity of phlogisticated air.
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bar-iron in thirteen ounce measures of oxygenous gas, of
the purity of 140, seven ounce measures of the air were
absorbed by the metal. One measure of the remaining
air, tried in a eudiometer tube over lime-water, gave no
absorption, and, consequently, contained no fixed air. With
an equal measure of nitrous air, it gave an absorption of
15.

In these experiments no phlogisticated air was gen-
erated. The fixed air, formed by melting the iron in pure
air, was formed by the coal, which all iron of commerce
contains, uniting with part of the pure air. The air which
remained behind was more impure than at first, because a
portion of the purest part had been absorbed from it
by the metals.

Thirdly. OF CARBONIC ACID, OR FIXED AIR.

Dr. Priestley, in order to prove that fixed air is pro-
duced without charcoal, mentions that this air is pro-
duced by heating charcoal of copper in dephlogisticated
air. To this I have replied, that charcoal of copper con-
sists principally of pure charcoal. It is made by passing
the steam of alecohol, which consists of hydrogen and car-
bon, over red-hot copper: the coal is deposited on the cop-
per, while the hydrogen is set at liberty, in the form of
hydrogen gas.

The Doctor says, the French chemists have given a much
better explanation of this experiment than I have done—
but our explanation is exactly the same. The fixed air is
formed by the carbon of the charcoal of copper uniting
with the dephlogisticated air. My opponent has misunder-
stood my meaning in explaining the experiment.

Another argument used by Dr. Priestley, to prove that
fixed air may be made without coal, is, that large quanti-
ties of this kind of air may be obtained from heating a

85



CHEMISTRY IN AMERICA

mixture of iron filings and red precipitate. ITe declares
the experiment has never failed with him, and I say it
has never succeceded with me.

If large quantities of fixed air can be formed, by heat-
ing the filings of pure bar-iron and red precipitate to-
gether, then I will pronounce that fixed air may be made
without coal; but I am confident this cannot be done.

From the process which the Doctor has published, to
purify iron filings* it is evident that those he used could
not have been very pure, or they would not require to be
first heated, then washed in water, and heated again.

Dr. Priestley never mentions whether he used the filings
of bar or cast-iron, which is essentially necessary. The
filings of pure bar-iron, filed for the purpose, on a clean
sheet of paper, exposed to heat with red precipitate, will
not yield any kind of air; but cast-iron alone, or mixed
with precipitate, will yield both inflammable and fixed
air.

One ounce of the borings of cannon, and half an ounce
of red precipitate, gave thirty-two ounce measures of air,
eleven of which were fixed, and twenty-one inflammable.
The fixed air proceeded from the pure air of the preeipi-
tate uniting with the charcoal of the cast-iron.

The borings, by analysis, yielded eighteen grains of
charcoal to the ounce.

In my opinion, the proofs that fixed air is ecomposed of
oxygen and carbon, are as strong as that Glauber’s salt
is composed of sulphuric acid and soda; for we are not
only able to compose this gas at pleasure, but to separate
it into its clementary parts.

Mr. Tennant, Dr. Black, and other chemists, have de-
composed the carbonie acid, by heating phosphorus and
powdered limestone. I have performed the same experi-
ment with success. Forty grains of phosphorus, cut into
very small pieces, were mixed with powdered lime-stone,

* Medical Repository, Vol. 1I, p. 267, first edition.
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and introduced into a glass tube, coated with dung and
clay. Upon exposing the tube half an hour to red heat,
and breaking it when cold, the coal was found mixed with
phosphate of lime. The phosphorus united with the oxy-
gen of the carbonic acid of the lime-stone, and formed
phosphorie acid, which joined with the lime and made phos-
phate of lime. The coal of the carbonic acid was deposited
among the phosphate of lime.

If fixed air is composed of inflammable and dephlogisti-
cated air,* why is it not obtained by exploding pure air,
and the inflammable air from malleable iron?

Speaking on this subject, Dr. Priestley says, ‘‘when the
inflammable air was from the turnings of cast-iron, there
was a considerable quantity of fixed air produced ; where-
as there was either no fixed air at all, or the slightest ap-
pearance of it imaginable, when I made use of inflammable
air from malleable iron.”” ¥

The reason that the inflammable air, from the turnings
of cast-iron, yields fixed air, when fired with dephlogisti-
cated air, is, that it holds coal in solution, which unites
with the pure air to form the fixed air, and no fixed air
is obtained from the inflammable air from malleable iron,
because it contains but a very minute portion of coal.
If fixed air can be formed by exploding only one kind of
inflammable air with pure air, there must be some forcign
substance in the inflammable air; and what can this be if
it is not coal? for bar and cast-iron differ from each other
only in the quantity of coal they contain—an ounce of
bar-iron yielding but half a grain of coal, and the same
quantity of cast-iron, as I have said before, eighteen
grains.

The Doctor says, when any substance, known to contain
oxygen, is heated in inflammable air, fixed air is found.

*¢¢We say that fixed air consists of inflammable and dephlogisti-

cated air.’”’ Vide Doctrine of Phlogiston established, p. 61.
t Transactions of the Royal Society of London for 1791, p. 221.
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(Considerations on the ‘‘Doctrine of Phlogiston,’”’ part
first, p. 25.) In the second part of the same pamphlet
(p. 24), he informs us, he sometimes gets fixed air. In
the ‘‘Medical Repository,”” vol. II. p. 164, first edit. he
mentions that no sensible quantity of fixed air is procured
in this process., If red precipitate is heated in inflammable
air, from malleable iron, the result will be uniform; no
fixed air will be generated, but it will be invariably made,
if the mercurial calx is revived in carbonated inflammable
air, from the pure air of the precipitate uniting with the
carbon held in solution in this gas. If fixed air was com-
posed of pure and inflammable air, it ought always to be
obtained in this process.

‘When the focus of a burning lens is thrown upon two
drachms of red precipitate, in thirty-two ounce measures
of inflammable air, from malleable iron, twenty-two ounce
measures of the air will disappear; but when three drachms
of the same precipitate are heated in thirty-six ounce
measures of carbonated inflammable air, from the flowers
of zine and coal, which has been well washed in lime-water,
but two ounces of the air will vanish. In the first case no
fixed air will be obtained, but in the second there will be
a great production of this gas.

Fourthly. OF FINERY CINDER, OR THE SCALES OF IRON.

Large quantities of carbonated inflammable air, mixed
with a portion of fixed air, are produced by heating finery
cinder and charcoal together, though both may have been
previously exposed to ever so high a degree of heat. In
considering what takes place in this process, we must call
to our aid the decomposition of water, the clue which leads
us through all the labyrinths of the antiphlogistic system
of chemistry. The carbonated inflammable air is formed
by the hydrogen of the water, which is supplied by the
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finery cinder dissolving part of the coal, while the oxygen
of the water and finery cinder, uniting with another part
of the coal, make the fixed air.

We are under a necessity of admitting the presence of
water in the finery cinder. It cannot be in the coal, where
Berthollet, Fourcroy, and other chemists find it; for, in
my experiments, the coal has ceased to yield air, and, con-
sequently, could not contain water.

In my first reply to Dr. Priestley, I said the iron was
not revived. I find, however, after the finery cinder is
exposed to heat with charcoal, it will yield inflammable
air when mixed with sulphuric acid and water. The iron,
then, must be in a revived state. I was deceived, by sup-
posing that a calx of iron could not be revived in a degree
of heat less than that at which it fuses. Cast-iron melts at
130 deg. and my finery cinder was exposed to but 24 deg.
of Wedgwood’s thermometer.

I consider the arguments of the Doctor, relating to
finery cinder and charcoal, as a complete refutation of the
doctrine of the French chemists, relating to this subject,
though I do not think the new theory is essentially affected
by anything which he has advanced. Part of the weight
of the scales of iron is certainly owing to water. The ad-
vocates of the antiphlogiston system have overlooked the
agency of this fluid in the finery cinder.

If, in future, I find that no more fixed air is obtained
from the scales of iron and charcoal than from coal and
water, I will agree with my opponent, that they contain
but a very small quantity of oxygen, or none at all.

Fifthly. OF THE PRECIPITATION OF ONE METAL BY ANOTHER.

Inflammable air is produced, when zine is used to precipi-
tate lead from a solution of sugar of lead, or iron from its
solution in the muriatic acid. The French chemists ap-
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pear to be unacquainted with this circumstance, as well
as with many other important discoveries made by my
illustrious opponent. Mrs. Fulhame, who has written on
the precipitation of metals, was ignorant of the fact.

I have obtained inflammable air,

Ist, From the filings of zine, and a solution of the sul-
phates of iron and copper.

2ndly, From the filings of bar and cast-iron, and the
sulphate of copper.

3dly, From copper, precipitated from blue vitriol by
zine, which was washed in water until the water would not
precipitate muriated barytes, mixed with the filings of
zine. And,

4thly, From the oxyd of copper, precipitated from blue
vitriol by eaustic pot-ash, and the filings of zine and iron.

One scruple of the filings of zine, and eight ounces of a
saturated solution of blue vitriol, in eleven hours yielded
no air: a sceond seruple being added, in the same space
of time no air was obtained : upon adding the third seruple,
in forty-eight hours one fourth of an ounce measure of in-
flammable air was produced. The precipitated copper
weighed forty-five grains. It was not until after the eighth
scruple was used that the air was obtained in any quantity.

IIalf an ounce of the filings of zine, and eight ounces
of a saturated solution of green vitriol, gave, in nineteen
days, forty ounce measures of inflammable air.

One ounce of the filings of zine, and eight ounces of a
saturated solution of blue vitriol, gave, in ten days, sixty-
four ounce measures of inflammable air.

The filings of iron afford but a small quantity of in-
flammable air, compared to zine, when mixed with the sul-
phate of copper. One ounce of the borings of cannon, and
eight ounces of a solution of blue vitriol, in four days pro-
duced but six ounce measures of inflammable air. A con-
siderable degree of hcat is generated in this process.

In these experiments, when the precipitant is added in
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small portions, the operation which takes place is its solu-
tion without any production of air. The oxygen of the
dissolved mineral unites with the precipitant, forming an
oxyd, which is immediately dissolved by the acid. The
precipitated metal is in a revived state, from the loss of
its oxygen. When the precipitant has robbed the dis-
solved metal of the whole of its oxygen, it decomposes the
water by means of part of the acid to which the dissolved
metal was united. The oxygen of the water, united to
the precipitant, converts it into a calx, which is dissolved
by the acid, while the hydrogen of the water is set at
liberty.

‘When inflammable air is obtained from copper, precipi-
tated by iron, mixed with the filings of zine, the zine robs
the precipitated copper of its oxygen; but as there is not
a sufficiency of oxygen in the copper to oxyde the zine com-
pletely, it begins to decompose the water. When a solu-
tion of the sulphate of copper is precipitated by zine, the
whole of the precipitated metal is not in a revived state—
part of it is caleined. ’

Upon throwing the focus of a burning lens upon some
of this precipitated copper in inflammable air, it made
four ounce measures of the air disappear.

Sizthly. OF THE AIR CONTAINED IN THE PORES OF CHARCOAL,
WHICH IIAS BEEN EXPOSED TO A RED HEAT.

Dr. Priestley says, that charcoal contains azotic gas,
but I have always found it to be atmospherical air. One
measure of the air obtained from coal, by means of water,
gave, with the nitrous test, an absorption of 90.

‘Woodhouse, in his opposition to Priestley, was always
respectful and fair, but there were those in this country
who were disposed to belittle the contributions of the
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great philosopher. Among these was John Maclean, Pro-
fessor at Princeton. Woodhouse felt called upon to an-
swer one of his attacks upon Priestley. The reader may
form an idea of the character of Woodhouse’s disputa-
tions from that communication:

A Letter to DR. JOHN MACLEAN, Professor of
Mathematics and Natural Philosophy in Prineeton Col-
lege, New Jersey, by JAMES WOODIIOUSE, M.D.

SIr,

As there are several assertions, in your examination of
Dr. Priestley’s considerations on the doctrine of phlogis-
ton and decomposition of water, relating to some important
parts of chemistry, which are absolutely erroncous, I
think it necessary to call your attention to the subject.

As you wrote your dissertation expressly to prevent the
youth of Princeton college from falling even into tempo-
rary delusion, and as public controversy is always favour-
able to the cause of truth, you can have no rational objec-
tion to this letter.

A judgment may be formed how well you have accom-
plished your purpose, and what right you have to con-
demn the experiments of Dr. Priestley in the authoritative
manner you have done, having made none yourself, from
the following particulars. You are not yet, Doctor, the
conqueror of this veteran in philosophy.

You agree with the French chemists, that turbith min-
eral is an oxyde of mercury, and have asserted, that any
substance into which it may be converted by a red heat,
does not require any addition to constitute it a metal.

Now, the very contrary of this is true; for we have
the most conclusive proofs, that turbith mineral is not an
oxyde, but a sulphate of mercury.

1st. If pure turbith mineral is exposed to a red heat,
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in a long glass tube, a quantity of the sulphate of mer-
cury, of a white colour and strong acrid taste, sublimes
from it, and adheres to the sides of the vessel.

2dly. If a solution of caustic pot-ash is boiled upon
the turbit