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ADVERTISEMENT

TO

THE THIRD VOLUME.

Acconnmo to the arrangement announced in the Advertisement prefixed
to this Work, the Second Part of Mr Stewart’s Dissertation on the Progress
of Metaphysical, Ethical, and Political Philosophy, ought to have appeared
with the present Half-Volume. The Editor has been induced so far to de-
part from that arrangement, as, in the meantime, to substitute Mr
BranpE’s Dissertation, which was originally intended to be given with the
Fifth Volume ; and to give the remaining Part of Mr Stewart’s Disser-
tation with the First Half of the Fourth Volume. The Second Part of Pro-
FEssor PLayrain’s Dissertation on the Progress of the Mathematical and Phy-
sical Sciences, will accompany the First Half of the Fifth Volume. Directions
will afterwards be given as to how the whole ought ultimately to be placed.

The Editor takes this opportunity to state, that the Work is likely to
extend beyond Five Volumes, the number specified in the ddvertisement.
There are many of the Letters of the Alphabet under which the numberof
Articles necessary to be given will be comparatively small ; and the Editor has
endeavoured, by numerous retrenchments from his original plan, so to model
the whole, as to keep within the intended limits ; but he sees reason to fear,
that this object could not be accomplished, without such a mutilation of the
plan as would be greatly prejudicial to the utility of the Work. He does
not, therefore, anticipate any displcasure from now aunouncing, that it may.
probably extend to, but not beyond, Siz Volumes.

Edinburgh, F ebruary 1818.
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DISSERTATION THIRD.

SECTION 1.

GENERAL VIEW OF THE PROGRESS OF CHEMICAL SC.IENCE, FROM THE EARLY AGES To
THE END OF THE SEVENTEENTH CENTURY.

Tue phenomena of the universe present a series of changes, of which the regularity and
harmonious succession excite the surprise of superficial observers, and awaken the ad-
miration and attention of the philosophic mind.

These changes are either accompanied by visible motion susceptible of measure-
ment,~ and relate to the exterior forms and mechanical characters of bodies, or they
depend upon the mutual agencies of the elementary principles of matter, upon its
composition, upon its susceptibility of acquiring new properties by entering into new
combinations. . ' :

The investigation of the former phenomena belongs to the mechanical philosopher ;
to trace the causes of the latter, and to discover the laws to which they are obedient; is
the business of chemical science.* 4

! Definitions of Chemisiry.—* La Chymie est un art qui enseigne 3 separer les differentes substances qui
se rencontrent dans un mixte.” (L’Emery, Cours de Chymie.)

¢ Chemistry is that science which examines the constituent parts of bodies, with reference to their nature,
proportions, and method of combination.” (Bergman, Essay on the Usefulness of Chemistry.)

¢ Chemistry is the study of the effects of heat and mixture, with a view of discovering their general and
subordinate laws, and of improving the useful arts.” (Black, Lectures.)

¢ La Chimie est une science qui apprend & connaitre I'action intime et réciproque de tous les corps de ls
nature, les uns sur les autres. Par les mots action intime, et reciproque, cette science est distinguée de la

DIsS. 1II. A



2 THIRD DISSERTATION,

Chemistry, considered as a branch of scientific inquiry, is not of ancient date. !
Founded upon principles deduced from experiment and observation, centuries were

physique experimentale, qui ne considére que les propriétés extérieures des corps doués d’'un volume, et
d’'une masse quon peut mesurer, tandis que la Chimie ne s'attache qu'aux propriétés intérieures, et n'agit
que sur des molécules, dont le volum eet la masse ne peuvent pas étre soumis aux mesures et aux calculs.”
(Fourcroy, Systéme des Connoissance Chimiques, Vol. L. p. 4.)

¢ Die Chemie ist eine Wissenschaft die uns die wechselseitige wirkui:gen der einfachern Stoffe in der Na-
tur, die zusammensetzung der korper aus ihren und nach ihren verschiedenen verhiiltnissen, und die Art
und Weise kennen lehrt, sie zu trennen, oder sie wieder zu neuen Korperarten zu verbinden.” (Gren. Sys-
tematisches handbuch der Chemie, p. 1. Halle, 1794.)

¢ Chemistry is that science which treats of these events or changes in natural bodies, which are not ac-
companied by sensible motions.” (Thomson, System of Chemistry, fifth edition, p. 2.)

Most of the substances belonging to oug globe are constantly undergoing alterations in sensible quali-
ties, and one variety of matter becomes, as it were, transmuted into another. Such changes, whether na-
tural or artifical, whether slowly or rapidly performed, are called chemical;-—thus the gradual and almost
imperceptible decay of the leaves and branches of a fallen tree exposed to the atmosphere, and therapid
combustion of wood in our fires, are both chemical operations. .

¢ The object of chemical philosophy is to ascertain the causes of all phenomena of this kind, and to dis-
cover the laws by which they are governed.” (Davy, Elements of Chemical Philosophy, p. 1.)

In the edition of Johnson’s Dictionary, now publishing by the Rev. H. J. Todd, the erroneous and
antiquated definition of Boerhaave is very improperly retained. ¢ An art whereby sensible hodies
contained in vessels, or capable of being contained therein, are so changed by means of certain instruments,
and principally fire, that their several powers and virtues are thereby discovered, with a view to philosophy
or medicine.”

The derivation of the word Chemistry can scarcely be said to have been ascertained. The most plausible
guesscs are the following : from yuw to melt, or xuuos juice; from kema, an oriental word signifying dlack ;
from jung, the name of a person eminently skilled in the sciences ; from Chémi, the Copnc name of Egypt,
where the art is supposed to have had its rise.

According to Bryant (Ancient Mythol.), it is derived from ckemia, and that word from Cham.

The Rev. Mr Palmer, Professor of Arabic at Cambridge, has given the following etymology: ¢ Al-chemy,
or more properly Al kemy, the knowledge of the substance or composition of bodies, so named from the
substantive (Kyamon), that is, the substance or constitution of any thing ; from the root (Kama). Golius.
Lezicon.” (Thomson’s Chemistry, 5th edit. p. 4. Note.)

Conversing upon this subject with Dr Thomas Young, he remarked, that the Egyptians probably neither
knew nor cared much about the composition of bodies; and that the term Chemistry, as referring to the
secret art of transmutation, was probably derived from the Coptic root hhems or chems, signifying obscure,
dark. The German word geheim, secret, he said, was perhaps of the same roat.

¢¢ Heec ars varia accepit nomina, nam omaium primd dicta fuit sixm soumrms, et antiquis illis temporibus
per hanc vocem significabant artem vilia metalla in aurum convertendi, et ejus artifices wonrai vocari Zozi-
mus dicit. -Veteres Egyptios hanc artem Chimoet vocasse Josephus Scaliger ibi ostendit, sed postea Graeci
hanc artem ygvooromon dixerunt, Arabibus vero, Alckemia.” (Boerhaave, Institutiones Chemice.)

1 « Tout ce qu'on a dit de P'antique origine de la Chimie, sur les premiers hommes qui ont travaillé les
metaux, taillé et poli les pierres dures, fondu les sables, dissous et crystallisé les sels, ne montre a un esprit
exact et sévére qu'une vaine et ridicule pretension, semblable & cette par laquelle on voudrait reconnoitce
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consumed in their accumulation and systematic arrangement ; but, as an art, chemi-
stry is readily traced to periods of remote antiquity ; for it is obvious that the chemical
changes of matter must have been rendered subservient to the wants of mankind in
the earliest ages of the world.

Metallurgy is among the most ancient of the arts, and Tubal Cain, the instructor of
- workers in iron and brass, has thence been called the inventor of chemistry. Others
have preferred the claims of Noah, to whom the invention of wine has been attributed 5
but these, and other arts alluded to in Sacred Writ, such as dyeing, gilding, and em-
balming, which have been adduced as instances of chemical knowledge in the time of
Moses, prove nothing more than that such processes were practised at that period, in-
dependent of each other, and quite unconnected by the slightest reference to general
principles. '

It is probable that the early mythological systems of the Egyptians contained some
allusions to the chemical changes of matter, and to them the first speculations on
the art of transmutation have been attributed. Hermes, or Mercurius Trismegistus,
the favourite minister of the Egyptian king Osiris, has been celebrated as the inventor
of this art, and the first treatise upon it has been attributed to Zosymus, of Chemnis or
Panopolis in Egypt. The inhabitants of Sydon and Tyre, those renowned seats of the
commerce of the ancient world, seem to have been skilled in some chemical manufac-
tures ; they made glass and artificial gems, and excelled in dyeing purple.

Egypt maintained its superiority in arts until the invasion of Alexandria by the Sa-
racens, when the clebrated library collected by the Ptolemies, with great diligence and
at enormous expence, was burned by the orders of Caliph Omar.? The alchemical

les élémens de la géométrie dans I’ouvrage grossier du sauvage qui use les fragmens du rocher, qui leur
donne des formes & peu prés réguliéres pour les rendre utiles a ses premiers besoins.” (Fourcroy, Discours
Préliminaire.

1 « Si I'on examine cependant avec courage et sans préjugé toutes les preuves qu'on a réunies pour eta-
blir Vexistence de la Chimie chez les Egyptiens, aprés avoir reporté son origine aux premiers dges du
monde et aux prémiers travaux ou les hommes ont employé le feu comme agent, on reconnait bientét que
tirées uniquement des products employés dans leurs constructions diverses, elles peuvent toutes annoncer
des arts ou des procédés de fabrique plus on moins avancés, mais rien qui tienne i des notions générales
tirées de ces arts, comparés rien qui depende d'une doctrine suivie, rien enfin qui puisse donner une idée
d’une veritable science.” (Fourcroy, Disc. Prél.)

2 ¢« Qui his scriptis parcendum esse negabat, quippe que inutilia essent, si eorum dogmata Alcorano
congruerent, noxia vere, si ab illo dissentirent.” (Bergman, De primordiis Chemic.)
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works had been previously destroyed by Diocletian in the fourth century, lest the
Egyptians should acquire by such means sufficient wealth to withstand the Roman

power. On the present occasion, about seven hundred thousand volumes were seized,
which we are told supplied six months’ fuel for forty thousand baths, that contributed
to the health and convenience of the populous capital of Egypt.

When philosophy declined in Egypt and in the East, Greece became the principat
seat of learning and of the arts ; but the systems of their early philosophers, of Thales *
the founder of the Ionic sect, of Anaximander, and Anaximenes, breathe the senti-
ments of the Egyptian schools. By Thales water was considered as the source of
all things, as the universal element. The opinions of Anaximander, in themselves
unintelligibly obscure, received some elucidation from his successor Anaximenes;
they regarded air and fire as the first rudiments of matter. '

The result of the Macedonian war introduced Grecian philosophy into Italy, and
the doctrines of Plato,? and Aristotle, and Theophrastus, prevailed in the school of
Rome.

Among the early Roman philosophers, Lucretius® stands preeminent ; but his opi-
nions had been formed at Athens, in the Stoic school of Zeno, and he early imbibed
the doctrines of Empedocles and Epicurus, which are expounded with saperior genius
and admirable ingenuity in his masterly poem on the Nature of Things.

The celebrated Natural History of the elder Pliny, written in the first century of the
Christian era, contains an account of the rise and progress of the arts and sciences
previous to that period, which, though not always accurate, often obscure, and some-
timeés unintelligible, abounds in instructive documents and interesting remarks. It is
written, not in the elevated, refined, and elegant stylé of the Augustan age, but in the
language of the laborious and liberal historian, frequently led by the extent of his in-
quiries to subjects which he is incompetent to manage, and upon which his opinions
are incorrect, his conjectures vague, his assertions ill-founded. .

The origin of many of the follies and mysteries of Alchemy may perhaps be refer-
red with most propriety to the New Platonists, whose rise marked the declining age of
learning towards the end of the third century of the Christian era. These philoso-
phists, celebrated for their metaphysical disputes and superstitious notions, credited the
existence of demons and spirits, with whom they claimed familiar intercourse. Ne-

! 500 years B. C. ? 840 years B. C. ) 3 50 years B. C.
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électing useful knowledge, they exhausted their strength in verbal disputes, and in at-
tempts to discover the secrets of the invisible world ; thus gradually converting the study
of philosophy into that of demonology and magic. ¢ Several of these masters,” says
Gibbon,* Ammonius, Plotinus, Amelius, and Porphyry, were men of profound thought
and intense application: but, by mistaking the true object of philosophy, their la-
bours contributed much less to improve than to corrupt the human understanding.”

Porphyry died about the time of Diocletian’s abdication. The life of his master,
Plotinus, which he composed, gives a complete idea of the genius of the sect, and the’
manners of the Professors. This curious piece is inserted in Fabricius. (Bibliotheca
Greca, Tom.IV.) When the cultivated part of Europe was overwhelmed by the bar-
barous nations, all records of arts and sciences possessed by the Greeks, and by their
Roman successors, were swept away in the general destruction, and now the Arabians
became the protectors of philosophy, and the promoters of its pursuits. To them,
Chemistry, regarded as a distinct branch of experimental philosophy, owes its origin,
and several circumstances co-operated to render its progress rapid, which are important
in their relation to the subsequent advances of the science. Among these the myste-
ries of Alchemy, so well adapted to the genius of that age and people, are the most
remarkable. Of this occult art, the two leading objects were the transmutation of
_ eommon metals into gold and silver, and the discovery of the universal medicine,
which, by the removal and prevention of disease, should confer immortality upon the
possessors of the secret.

The origin of these chimerical notions has been variously accounted for. The idea
of transmutation may plausibly be referred to the various processes to which natural
bodies were submitted by the astrological experimentalists of the seventh and eighth
centuries. Observing the change of properties in metallic ores by exposure to heat,
and the production of malleable and useful metals from their brittle and useless com-
pounds, it is not surprising that superficial observation and incorrect reasoning should
lead to a belief in their production and transmutation ; and such speculations, not
without apparent foundation, holding out attraction to the ambitious, and hope to the
needy, would soon excite notice and command followers. That this was the case, the
records of those times amply testify.

The pursuit of the other object may be referred to the success attending
the medical employment of many of the chemical preparations. Pharmacy was
becoming enriched by the introduction of ::hemical compounds ; and remedies for
diseases, before deemed incurable, were occasionally discovered among the products of
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the furnace. Hence, perhaps, the possibility of the existence of an universal remedy
might occur to those under the infatuations of the black art,

The earliest of the true Alchemists, whose name has reached posterity, is Geber, !
supposed to have been an Arabian prince of the seventh century. The works attri-
buted to Geber, several of which have been published in Latin translations by Golius,
and others in English by Russell, are numerous and curious. They abound in the
cant and jargon of the hidden art. Some have asserted his pretensions to the posses-
sion of the universal medicine, for he speaks of curing disease. But this seems a mere
metaphorical expression, relating to transmutation. * Bring me,” says he, « the six
lepers, that I may cleanse them ;”’ by which he deubtless would imply the conversion
of silver, mercury, copper, iron, tin, and lead, into gold,—there being only these
seven metals known at that period. Dr Johnson supposes that.the word Gibberish,

" anciently written Geberish, was originally applied to the language of Geber and his
tribe.

The elder Mesue and Avicenna, ? physicians of the ninth and tenth centuries, have
given some account of the Chemistry of their age, but their works relate chiefly to
medicine. Indeed, it is probable that the writings now extant in the name of the
former are spurious. )

- The twelfth, thirteenth, and fourteenth centuries, abound in writers on the secrets of
Alchemy ; and the happy few to whom fate dnd metaphysical aid had granted the
_discovery of the great secret, assumed the title of adepts, a character which required
to be sustained by superior feats of deception and duplicity.
About this period, several circumstances happily concurred, favourable to the dif-
fusion of learning and the arts, which began again to dawn in Europe with promising

splendour.

! « Primus omnium Arabum post Greecosest Geber, cui dant titulum Arabis. Aliidicunt eum fuisse regem,
unde rezx Geber Arabs, dici solet; sed Leo Africanus qui Greecus fuit et multa descripsit ex antiquis Ara-
bibus, dicit, Gebrum illum natione Gracus fuisse, sed derogasse suam religionem, et se dedisse Mahomeda:
religioni Arabum, et vixisse septimo seculo.” (Boerhaave.)

Geber was also a physician and astronomer. The following are the principal works on Chemistry which
have been attributed to him: De Alchemia,—De summa perfectione Metallorum,~De Lapide Philosophico,
«—De inveniendi arte Auri et Argenti. These, and some other works bearing his ndme, whether genuine
or not, furnish good specimens of the early alchemical writings.

* Avicenna introduced several important drugg into the Materia Medica 5 and the art of making sugar

has been enumerated among his discoveries, although, doubtless, of earlier date.
4
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The extravagant expeditions of the Crusaders tended, in these respects, to the most
extensive, beneficial, and permanent consequences. In their progress to Palestine,
these ardent followers of the Cross traversed countries which, compared with their
own, were cultivated, civilized, and refined. Their minds and manners were thus ene
larged and improved, and new customs and institutions attracted their notice.

In Constantinople, then the largest and most magnificent of European cities, some
traces of ancient elegance and refinement were still to be found, and many of the na-
tural products and of the manufactures of the East were offered to their notice."

We accordingly discover in these superstitious and enthusiastic expeditions the
source of many improvements, which afterwards raised Europe to the highest rank
among nations ; which tended to dispel barbarism, to mitigate the fury of war, and to
extend commerce ; and which ultimately led to the cultivation of the useful and fine
arts, and to the diffusion and exaltation of ‘science.

Another event occurred about this period, which miraculously facilitated the acquisi-
tion and propagation of learning, namely, the invention of printing, which, as it were
by superhuman mediation, advanced so rapidly to perfection, that the finest specimens
of typography are to be found among the early efforts of the art. It was introduced
into England by the Earl of Rivers, in the reign of Edward IV, *

Of the earlier writers on Chemistry, no one is more deserving notice than the cele-
brated Roger Bacon, a native of Somersetshire, who flourished in the thirteenth cen-
tury. His writings, though troubled and polluted by the reigning absurdities of Al-
chemy, contain many curious facts and judicious observations. To him the disco-
very of gunpowder has, with all appearance of justice, been attributed. > ¢ From
saltpetre and other ingredients,” he says, « we are able to form a fire which will burn
to any distance.” And again, alluding to its effects, * a small portion of matter, about

1 «¢ The first. and most obvious progress was in trade and manufactures,—in the arts, which are strongly
prompted by the thirst of wealth, the calls of necessity, and the gratification of the sense or vanity.
Among the crowd of unthinking fanatics, a captive or a pilgrim might sometimes observe the superior re-
finement of Cairo and Censtantinople. The first importer of windmills was the benefactor of nations; and
if such blessings are enjoyed without any grateful remembrance, history has condescended to notice the
more apparent luxuries of silk and sugar, which were transported into Italy from Greece and Egypt.”
(Gibbon, General consequences of the Crusades, Vol. XI. p. 289. Edit. 1813.)

2 Hume. Edward V.

3 Watson’s Chemical Essays, Vol. L.

It has been by some imagined, that Roger Bacon invented the air-pump ; but the idea rests upon very
doubtful expressions. (Boerhaave, Instit. Prolegom.)
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‘the size of the thimb, properly disposed, will make a tremendous sound and corrusca-
tion, by which cities and armies might be destroyed.” And again, in the same work,
is a passage which, though somewhat enigmatical, is supposed to divulge the secret
of this preparation. ¢ Sed tamen salis petrae, luru mone cap urbre, et sulphuris, et
sic facies tonitrum si scias artificium.”” The anagram is convertible into carbonum
pulvere. Such are the claims of Roger Bacon to a discovery which soon changed
the whole art of war.

The works of Bacon most deserving perusal are the Opus Majus, edited by Dr Jebb
in 1733 ; and his Epistola de secretis Operibus Artis et Nature, et de nullitate Magie.
Paris, 1532. The former, addressed to Pope Clement IV, breathes sentiments which
would do honour to the most refined periods of science, and in which many of the
advantages likely to be derived from that mode of investigation insisted upon by his
great successor Chancellor Bacon, are antic.ipated.

Raymond Lully, Arnold of Villanova,: John de Rupescissa, and Isaac and John
of Holland, * were Alchemists of the thirteenth, fourteenth, and early part of the
fifteenth century. Their writings are extremely numerous; and they each treat of
the philosopher’s stone, and other secrets of the occult science.

Basil Valentine of Erfurt, who wrote towards the end of the fifteenth century, is de-
serving of more attention, and ranks among the first who introduced metallic prepara-
tions inte medicine. In his Currus Triumphalis Antimonis,* after setting forth the
chemical preparations of that metal, he enumerates their medicinal effects. According
to the notions of the age, he boasts of supernatural assistance ; and his work furnishes
a good specimen of the controversial disputes between the chemical physicians and

! Raymond Lully was born in Majorca in 1236, and Villanova in Provence in 1285. Their writings are
-as obscure as they are voluminous.

2 « Sequuntur nunc Johannes et Isaacus Hollandus, pater et filius, qui diffusissimo sermone et magne
eloquentii scripserunt, et si unum vel alterum arcanum exceperis pulcherrima experimenta fecerunt de
sanguine et urind humand, que Helmontius postea et Boyleeus pro recentioribus inventis habuerunt.”
(Boerhaave.) ’ :

3 It is probable that the word Antimony was first used by Basil Valentine. Tradition relates, that hav-
ing thrown some of it to the hogs, after it had purged them heartily, they immediately fattened; and, there-
fore, he imagined, that his fellow monks would be the better for a like dose, they having become lean by
fasting and mortification. The experiment, however, failed, and they died; whence the medicine was call-
ed Anti-moine.

He published several other works besides the Currus Triumphalis Antimonii. See Chalmers's Bio-

graph. Dict.
. 12
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those of the school of Galen,—=the former being attached to active remedies, the latter
to more simple and inert medicines. The Chario¢ of Antimony opens with the most
pious exhortations to prayer and contemplation, to charity and benevolence. But the
author, soon forgetting himself, breaks out in the following strain of virulent invec.
tive. “ Ye wretched and pitiful medicasters, who, full of deceit, breathe out I
know not what Thrasonick brags ;—infamous men, more mad than Bacchanalian
fools! who will neither learn, nor dirty your hands with coals! you titular doctors,
who write long scrolls of receipts; you apothecaries, who with your decoctions fill
pots no less than those in princes’ courts, in which meat is boiled for the sustenance of
some hundreds of men; you, I say, who have hitherto been blind, suffer a collyrium
to be poured into your eyes, and permit me to anoint them with balsam, that this ig-
norance may fall from your sight, and that you may behold truth as in a clear glass,
But,” says Basil Valentine, after a long exhortation in this strain, « I will put an end
to my discourse, lest my tears, which I can scarcely prevent continually falling from
my eyes, should blot my writing, and, whilst 1 deplore the blindness of the world,
blemish the lamentation which I would publish to all men.”

Such is the trash in which these authors abound, and in which curious facts and in-
genious speculat‘ions are often enveloped.

Basil Valentine was succeeded by the more celebrated Paracelsus, a native of a
village near Zarich in Switzerland. ' In this remarkable person, all the follies and ex-
travagance of the Alchemists were united ;—he pretended to the discovery of the grand
secret of the universal remedy ; and his writings, which are very numerous, overflow
with the whims and eddities of the sect; his zeal was more directed to the acquisition
of popularity than to the advancement of science ; his enthusiasm was ever misem-
ployed ; and he sought the elevation of his own character in the abuse and depretia-
tion of his predecessors and contemporaries. He terminated a life, stained with every
vice, and deficient in every virtue, in the year 1541, at an obscure inn at Saltzbourg,

in Bavaria.

! He assumed the formidable title of Philippus Aureolus Theophrastus Bombastus Paracelsus ab

Hohenheim.
¢ Hunc virum,” says Boerhaave, ¢ alii coluerunt pro Deo, imo locutus sum cum hominibus qui cre-
dunt eum non esse mortuum, sed vivam sedere in sepulchro pertesum peccatorum et malorum hominum.”
The following is an illustrative anecdote of his impudence: ¢ Cum adscenderet Cathedram physico medi-
cam, sumsit vas @neum cum igne, immisit sulphur et nitrum, et simul Galenum, Avicennam, et Arabes cor-
jecit in ignem, dicens, sic vos ardeditis in gehennd.”
D18S. III. B
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In the history of medicine, Paracelsus deserves more honourable mention ; for he
enriched the Materia Medica with many powerful remedies, derived from the mineral
world, among which several preparations of mercury deserve especial notice ; nor
was he unacquainted with the virtues of opium, and other powerful drugs of vegetable
origin. These he administered with a daring but often successful hand, and gained such
celebrity, that, in 1527, he was promoted by the magistracy of Basle to the office of
Professor of Physic. In this he expounded his own doctrines, asserting that that which
was denied him from above had been granted by the infernal deities; and that to them
he was indebted for those great secrets of physic and philosophy which he should di-
vulge for the advantage and salvation of his hearers. Paracelsus, however, soon be-
came ‘weary of his sitnation, and terminated his professorial career, which was ill suit-
ed to his genius and inclinations, in the year 1528 ; he left Basle, nd his subsequent
life was one disgusting scene of dissolute irregularity.

The last person whose name deserves to remain upon the chemical records of the six-
teenth century is Van Helmont of Brussels, born in 1577, ! who, at an early age, made
considerable progress in philosophical studies. As a physician, he adopted the doc-
trines of the chemical school, and rejected those of Aristotle and Galen; he effected
cures so numerous and surprising, that he was accused by the inquisition of employing
supernatural means, which induced him to retire into Holland. The writings of Van
Helmont are chieﬂy upon medical subjects ; those connected with chemistry contain
some curious speculations respecting aeriform fluids, which he calls gases, a term now
in common use. He also speaks of a subtile invisible agent, called Blas, which, he

says, is an etherial emanation from the heavenly bodies. ¢ Winds are air agitated by

the Blas of the stars.”’ 2 .

The doctrine of the Four Elements, as established by the ancient philosophers, un-
derwent several alterations in the bands of the chemists of the sixtcenth century, The
former regarded Earth, Water, Air, and Fire, as the universal rudiments of all matter,
and assigned to each its particular station in the universe. Earth tended towards the
centre, water to the surface of the globe ; air occupied a middle station between water
and fire, which last was considered as the most rare, subtile, and active of all things;

! The year 1558, given in Moreri, Dictionnaire Hist. is obviously incorrect, “ Anno 1594, qui erat mihi
decimus septimus,” &c. (Van Helmont, opera omnia, 1707. Studia Authoris.)

# « Nescivit inquam schola Galenica hactenus differentiam inter gas ventosum, quod mere aer est, id est
ventus per siderum blas commotus, gas pingue, gas siccum, quod sublimatum dicitur, gas fuliginosum sive
endemicum, et gas silvestre sive incoercibile, quod in corpus non cogi potest visibile.” (Oper. om. p. 99.)
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it was supposed to constitute the heavenly bodies, and to confer life and action upon
the other principles, to various combinations of which the different productions of na-
ture were referred. 4 4

Basil Valentine, Paracelsus, and Van Helmont, speak of Salt, Sulphur, and Mer-
cury, as the elementary principles of bodies; but the passages in their works referring
to this hypothesis, are too dark and absurd to merit quotation; it was, however,
adopted by several of their contemporaries and successors.

During the sixteenth century, some progress was made in the elucidation of the che-
mical arts, especially of Metallurgy, upon which subject the works of Agricola,’
and of Lazarus Erckern, merit particular notice. The former has detailed, at consi-
derable length, the various operations employed in mining, and his descriptions are at
once correct and elegant ; but his attempts at theory are deeply tinctured with the pre-
vailing follies of the age. Agricola, who died at Chemnitz in 1555, was succeeded
by Erckern, superintendent-general of the German mines; “ he is an experienced,
candid, and honest writer, relates nothing but what he had himself seen, without a
word of theory or reasoning, and every where speaks as if he were sitting before the
farnace and relating what passed.” *

After wading through the thick fog of alchemical speculation, which envelopes the
writers of this period, it is a relief to meet with one whose details are thus intelligible,.
and who adheres to matter of fact.

The periods we have now considered teemed with searchers for the philosopher’s
stone,—the elixir of life,—and the universal medicine. Of these such have hitherto on-
ly been noticed as conduced, by their experiments and discoveries, to the: progress of
chemical science.

The records of the fifteenth and sixteenth centuries present a motley group of these
adventurers solely devoted to the occult art of transmutation. Some were open impos-
tors; others deluded believers; but their respective histories are, in general, so similar,

>

! The mineralogical works of Agricola display very minute information upon the most important parts
of his subject. They are, 1. De ortu et causis subterraneorum. 2. De natura corum que ¢fffsunt ex terrd,
8. De natura Fossilium. 5. De medicatis fontibus. 6. De subterraneis animantibus. 7. De veteribus et
novis metallis. 8. De re metallica. This last has passed through several editions, and is an excellent com-
pendium of what was then knowa upon the theory and practice of the miners. art, and of the working of
metals. .

2« Liber ejus (Lazer. Erckern), in fdlio, est editus lingud Teutonicé, pollicem crassus et iterum recusus.
est io Germanas, in 4to. Est auctor in hac parte optimus.” (Boerhaave.)
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that an account of one will suffice:* Bernard Trevisan, who was born at Paris early
in the fifteenth century, and who suffered severely under this intellectual epidemic,
may be cited for the purpose. He commenced his career with the unsuccessful repe-
tition of certain processes of transmutation described by Rhazes, in which he expended
eight hundred crowns. The perusal of Geber’s treatise on the perfection of the metals
rekindled his hopes, an&, after wasting two thousand crowns upon apparatus and mate-
rials, this experiment proved as fruitless as the former. The writings of Ruspescissa,
Archelaus, and‘Sacrobosca, shortly afterwards engaged his notice ; and, to ensure suc-
cess, he associated himself with a monk, and performed a variety of silly but laborious
experiments, at the expence of more than a thousand crowns. He submitted the same
portion of spirit of wine to three hundred distillations, and was engaged during a pe-
riod of twelve years, in a series of fruitless and unmeaning operations upon alum,
common salt, and copperas. At length he quitted his native country for Italy ; thence
be proceeded to Spain and Turkey, in search of the adepts of the art, from whom he
hoped to acquire the secret, and reimburse himself. Thus having squandered the
scanty remains of his broken fortune, and reduced nearly to beggary, he retired to
the isle of Rhodes, where he entered the service of Arnold of Villa Nova, from whom
he states that he obtained that which he had so long searched for. So true is that de-
finition of Alchemy, which describes it as an art without principle, which begins in
falsehood, proceeds in labour, and ends in beggary.

Entering upon the seventeenth century, the historian of Experimental Science must
ever pause to pay a tribute of gratitude and respect to the celebrated Francis Bacon;
a man whose faults as a statesman have been eclipsed to the eyes of posterity, by the
brilliancy and excellence of his philosophical character.

It may ecommonly be observed, that those who are gifted by vature with superior

genius or uncommon capacity,—who are destined to reach the meridian of science,

! Among the English alchemists, we may enumerate George Ripley, whe, in 1471, wrote the Compound of
Alchemie, dedicated to Edward 1IV.; and the celebrated Elias Ashmole, who called himself Mercuriophilus
Anglicus, and wbo published and edited many treatises on alchemy. He founded the Ashmelean Museum
at Oxford in 1679. The reader who may wish to amuse himself with the nonsense of our own alchemists,
is veferred to the Theatrum Chemicum Britannicum, containing severall peeticall pieces of our famous
English philosophers who have written the Hermetiyne mysteries in their owne antient language. By Elims
Ashmole, Esq. Qui est Mercuriophilus Anglicus, and to the celebrated alehemical work Phslalethes.

The following act-of parliament, which Lord Coke calls the shortest he ever met with, was passed in the
fifth year of Henry IV.: ¢« None from henceforth shall use to multiply gold or silver, or use the craft of
‘multiplications, and if any the same do, he shall incur the pain of felony.” (Watson’s Chemical Essays.)
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or 1o attain exalted stations in the learned professions, have exhibited early symptoms
of future greatness: either indefatigable industry, or extraordinary sagacity, or ar-
dent enthusiasm, have marked their entrance into the affairs of life. At the age of
sixteen, Bacon was distinguished at Cambridge; and, very shortly afterwards, struck
with the frivolous subtilty of the tenets of Aristotle, he appears to have turned his
mind into that channel which led on to future eminence. The solid foundation of his
scientific character is the Instauration of the Sciences. It opens with a general
and philosophical survey of the subject ; whence he proceeds to-infer the futility of the
ancient philosophical systems, and to point out Induction, from sober and severe ex-
periments, as the only road to truth. Pursue this, he says, and we shall obtain new
powers over nature; we shall perform works as much greater than were supposed
practicable by natural magic, as the real actions of*' a Caesar surpassed the fictitious
ones of ahero of romance. .

Speculative philosophy he likens to the lark, who brings no returns from his elevat.
ed flights ; experimental philosophy to the falcon, who soars as high, and returns the
Ppossessor of his prey. '

Tllustrations of the new method of philesophizing, and the mode of arranging re-

sults, conclude this admirable and unrivalled performance.
- To do justice to this work, we must, for a moment, forget the present healthy
and vigorous. constitution of science, and view it deformed and sickly in the reign of
Elizabeth. We shall then not be surprised at the irrelative observations and cre-
dulous details which occasiomally blemish this masterly production of the human
mind.

But the history of Lord Bacon furnishes other materials for reflection. Upon the
accession of James I., he became successively possessed of the highest honours of the
law, and acquired great celebrity as a public speaker and a man of business; yet,
amidst the harassing duties of his laborious avocations, he still found time to cultivate
and adorn the paths of science, the pursuit of which furnished employment for his
scanty leisure and relaxation in his professional toils; and, when ultimately dis-
graced, * his genius, yet unbroken, supported itself amidst involved circumstances
and a depressed spirit, and shone out in literary productions.” Nor should the muni-

ficence of his royal master remain unmentioned, who, after remitting his fine, and

releasing him from his prison in the Tower, conferred upon him a large pension,
and used every expedient to alleviate the burden of his age, and to blunt the poig-
nancy of his sufferings.
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After the death of Lord Bacon, which happened in April 1626, in the 66th year of
his age, the records of science begin to assume a brighter aspect ; and we discern true
- knowledge emerging from the dungeons of scholastic controversy, and shaking off the
shackles of polemical learning.

The philosophers by fire, as the Chemists were emphatically termed, no longer ex-
clusively engaged in seeking for the elixir of life, and the stone of transmutation, be-
gan to direct their endeavours towards more attainable and useful objects. They
availed themselves of the accumulated facts collected by the misguided zeal and bar-
ren labours of their predecessors, and combined these useless and unseemly materials
into the foundations of a beautiful and useful department of knowledge; bat their
progress was slow, and not unfrequently interrupted by relapse into the follies of Al-
chemy.

Glauber of Amsterdam,® and in this country the Honourable Robert Boyle, are
characteristic writers of the middle of the seventeenth century. The former has de-
~ tailed many curious and interesting facts respecting neutral salts, acids, and animal
and vegetable substances ; but his descriptions are darkened by.the language of the
adepts, and valuable truths are disguised by being blended with the unintelligible jar-
gon of the black art. _ ‘ .

The perusal of Glauber’s chemical works leads to some_surprise at the multitude of
facts with which he was aéquainted, and, among them, we meet with discoveries which
have been considered of modern date. He particularly describes the production of
vinegar during the destructive distillation of wood. (Miraculum Mundi, p. 1.) The
following may be selected from among many similar passages in his writings, as exhi-
biting the active and original turn of mind of this keen and curious inquirer, and as
' containing the germ of many truths which have been more fully developed in our
own time.

« But what other things the said juice of wood is able to effect, we cannot here de-
clare, by reason of our intended brevity ; yet this I will add, that, if this acid spirit be
rectified, it may be used in the preparation of good medicines ; iu mechanic arts; in
the making of many fair colours from the extraction of metals, minerals, and stones ;
and for all things for which common vinegar is used; yea, far more commodiously,
because it much exceedeth common wine and beer vinegar in sharpness.”

He also mentions the tar produced in the same process, which he recommends as

1 A collection of Glauber’s works, in Latin, was published at Franckfort, in 1658, in 8vo, and in 1659

in 4to. An English translation was published at London, in 1689, by C. Pack.
n
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efficacious in preserving wood that is exposed to weather, and speaks of it, when mix-
ed with ashes, as a profitable and quickly acting manure. He further points out the
method of concentrating the vinegar of wood by exposure to cold, “ which freezes the
phlegm only, but the sharp spirit is not turned into ice, but remaineth in the middle
of the hogshead, so sharp that it corrodeth metals like aqua-fortis. If hop-poles be
dipped in the oil, it not only preserves them, but fattens the plant; and as insects ab-
hor these hot oils, if they be applied to the bark of fruit-trees, it will defend them
from spiders, ants, canker-worms, and other insects ; by this means also rats and mice
may be prevented from creeping up hovel-posts, and devouring the grain.” Glauber
details a number of experiments relating to the action of this vinegar of wood, on
limestone, and notices the uses of its compounds; and that he was accurately acquaint-
ed with its superior acidity, appears from the following quotation: ¢ It is said that
Hannibal made a passage through the Alps for himself and his army, softening the
rocks by the benefit of vinegar. What vinegar that was, histories do not mention.
Perhaps it was the vinegar of wine ; but if he had had the vinegar of wood, he might
sooner have attained his. desire.” |

“These shrewd remarks and useful observations are thickly scattered through the ver-
bose pages of Glauber. He enriched the laboratory with new agents, and into medi-
cine he introduced several new and useful remedies. Upon the arts he bestowed many
improvements, and was among the first who seriously endeavoured to benefit agricul-
ture by the medium of experimental chemistry.

Boyle 1 has left voluminous proofs of his attachment to scientific pursuits, but his
experiments are too miscéllaneous and desultory to have afforded either brilliant or
useful results; his reasoning is seldom satisfactory ; and a broad vein of prolixity tra-
verses his philosophical works. He was too fend of mechanical philosophy to shine in
Chemistry, and gave too much time and attention to theological and metaphysical con-
troversy to attain any excellence in either of the former studies. He who would do
justice to Boyle's scientific character, must found it rather upon the indirect benefits
which he conferred, than upon any immediate aid which he lent to science. He exhi-
bited a variety of experiments in puablic, which kindled the zeal of others more capa-

.

! Boyle was born in January 1627, at Lismore, in the Province of Munster, in Ireland. He was educat-
ed at Eton, and afterwards travelled in Italy, Switzerland, and France, and returned to England in 16¢4.
In 1668 he took up his residence in London; and in 1680 was elected President of the Royal Society.
He died on the 30th of December 1691, aged 65.
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ble than himself. He was always open to conviction ; and courted opposition and
controversy, upon the principle that truth is often elicited by the conflict of opinions.
His disposition was ever amiable, mild, and generous, and he was at once the patron
of learning and of virtue.

The merit of brmgmg Hooke ' before the public, and of pointing out to him the
road to eminence, is chiefly due to Mr Boyle, who, in the troublesome and bigotted
periods of the commonwealth and protectorship, associated himself with a few philoso-
phical friends at Oxford, for the purpose of promoting experimental inquiry. Hooke,
who enjoyed the advantage of having been educated at Westminster school, under
Dr Busby, was introduced in the year 1655 to this select society, where his original
and inventive genius was soon discerned and called into action. Boyle engaged him
as his operator and assistant, and his talents were turned, with great success, to the in-
vention and improvement of philosophical instraments, and to many important sub-
jects connected with the mechanical arts.

It was about this period that the physical properties of the atmosphere began to at-
tract notice, and that the favourite scholastic notion of Nature’s abhorrence of a vacuum

was called into question. Galileo was perhaps the first who broke this spell of Aris-

totelian philosophy ; and in the year 1644, the grand discovery of atmospheric pres-
sure, and its variation, was announced by Torricelli, the celebrated inventor of the ba~
rometer.* The idea of constructing a machine for the purpose of rarefying air, first

i Sir Godfrey Coply, in a letter written about the time of Hooke's death, says, ¢ Dr Hooke is very
crazy; much concerned for fear he should outlive his estate. He hath starved one old woman already, and,
I believe, he will endanger himself to save sixpence for any thing he wants.” In another, written a few
weeks after his death, Sir Godfrey says, ¢ I wonder old Dr Hooke. did not choose rather to leave his
L. 12,000 to’ continue what he had promoted and studied all the days of his life,—I mean mathematical ex-
periments, than to have it go to those whom he never saw or cared for. It is rare that virtuosos die rich,
and it is pity they should, if they were like him.” (Dr Ducarrel's MSS. quoted in Biog. Dict.) Hooke
sometimes declared, that he intended to dispose of his estate for the advancement of natural knowledge, and
to promote the ends for which the Royal Society was instituted ; to build a handsome edifice for the So-
ciety’s use, with a library, laboratory, and repository, and to endow a professorship. (Lsfe by Waller.)

2 The Peripatetics maintained, that the creation of a vacuum was impossible, even to supernatural power.

*This dogma was first shaken by a circumstance which happened to some workmen employed by the Grand
Duke of Tuscany. Having sunk a deep well, they endeavoured to bring the water to the surface by a com-
mon sucking-pump, but found, to their surprise, that they could only make it ascend to the height of about
30 feet. Galileo, whose talents had gained him great celebrity and respect, was consulted in this emer-
gency. His answer was, that, although nature does dislike a vacuum, there is a certain limit to her antipa-
thy, equivalent to the pressure of a column of water eighteen palms high..

‘ .
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occurred to Otto Guericke, who, after many fruitless attempts, succeeded by means
of a sucking pump, in withdrawing a considerable portion of air from the interior of a
copper ball. With this awkward and imperfect air-pump, he performed several nota-
ble experiments. One of these is often exhibited at the present day. It consists in ex-
haustihg a hollow brass globe, composed of two hemispheres, closely fitted to each
other. When a portion of the interior air is removed, the pressure of the exterior at-
mosphere is such as to resist considerable force applied to separate the hemispheres.
This is called the Magdeburgh experiment, and was first publicly exhibited in the
year 1654 before the deputies of the empire, and foreign ministers assembled at the
diet of Ratisbon. This original air-pump, invented by the Burgomaster of Magde-
burgh, was greatly improved by Hooke, who, in conjunction with Boyle, performed
by its means a variety of new and important experiments, illustrative of the mechani-
eal properties of the atmosphere, which, at a subsequent period, tended considerably
to the progress of pneumatic chemistry:

The works of Hooke, chiefly interesting to the chemist, are his Micrographia and
Lampas, the former published in 1664, the latter in 1677. They contain anticipations
of many of the subsequent changes and improvements of chemical theory, which will
be noticed in a future page of this history.

Both the private and public character of Dr Hooke exhibit many faults, and are
stained with many blemishes. His temper was peevish, reserved, and mistrustful ; and
he wanted that candour and dignity of mind which should raise the philosopher above
the level of ordinary men. He was born at Freshwater, in the Isle of Wight, in 1635,
and died in London in the year 1709.

Immediately after the Restoration, the gentlemen who formed the Phxlosophlcal
Society at Oxford adjourned to London, where they held their meetings in Gresham
College, and considerably extended the number of their members. The King, who
himself loved science, counienanced and patronised their proceedings; and, on the
15th of July 1662, granted a royal charter, constituting them a body corporate,
under the name of The Royal Society of London, for promoting. Natural Know-
ledge. 1In the year 1665 was published the first number of the Philosophical Trans-
actions, of which work, justly regarded as the standard of English science, a volume
has been published annually since the year 1762.

This laudable and rare example of Charles the Second was followed by Lewis the
Fourteenth of France; and in the year 1666 the Royal Academy of Sciences was in-

stituted at Paris, under the immediate protection of that monarch. Neither was the
DIss. 111, c :
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patronage cold, nor the honours empty, which were bestowed by Lewis on the follow-
ers of science. Salaries he conferred upon scientific bodies, and pensions upon learn-
ed men, “ a generosity,” says Hume, « which does great honour to his memory, and
in the eyes of all the ingenious part of mankind will be esteemed an atonement for
many of the errors of his reign. We may be surprised,” continues the historian,
“ that this example should not be more followed by Princes, since it is certain that
bounty so extensive, so beneficial, and so much oelebrated, cost not this monarch so
great a sum as is often conferred upon one useless overgrown favourite or courtier.” '
Happily for the scientific character of Britain, the genius, talents, and exertions of in-
dividuals have ever been sufficient to counterbalance such advantages; and thus nur-
tured and protected, the growth of science has not been less rapid or vigorous than
- where she has enjoyed the sunshine of royal favour.

With the great and unrivalled name of Newton, we close the records of the seven-
teenth century. To him Chemistry is indebted for the first correct views respecting
the nature of combination ; a subject which had little engaged the attention of the more
sensible experimentalists of the preceding periods, and which was formerly attributed
to the occult qualities of the Aristotelians, and afterwards to the mechanical forms of
the particles of bodies.:

" Chemical affinity was referred by Newton to the different atiractive powers of the
different kinds of matter in regard to each-other. Salt of tartar becomes moist by ex-
posure to air, because that salt attracts the humidity of the atmosphere. Muriatic
acid unites with salt of tartar by virtue of their respective attractions ; but when oil of
vitriol is poured upon this compound, the former acid is displaced by the superior at-
traction of the latter. Silver dissolved in aqua-fortis is separated from that menstruum
by the superior attraction of quicksilver ; in like manner copper separates quicksilver ;
and iron, copper. Referring to these and other similar instances, “does not this”
says he ¢ argue, that the acid particles of the aqua-fortis are attracted more strongly
by iron than by copper, by copper than by quicksilver, and by quicksilver than by
silver?” Such are the simple but clear, and, in most instances, correct suggestions re-
lating to the subject of attraction, which Chemistry owes to the great luminary of Me=
chanical Philosophy.

In tracing‘the history of Chemistry from early times, through the dark ages, to the

! We shall again have occasion to refer to certain ;:hemical opinions of Newton. In the present instance,
reference is made to the thirty-first query annexed to the ThAird Book of Optics. (Newton, Opera Omnia,
4to0, Lond. 1782.) 12
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beginning of the last century, I have only noticed such authors as conduced by
the weight or novelty of their writings, the importance of thejr discoveries, or the
example of their zeal, to the more immediate progress and elucidation of this depart.
ment of philosophy. The annals of a period so extensive must necessarily record a
host of experimentalists, to whose researches it would upon the one hand be impos-
sible to do justice ; and whose names, on the other, it would be useless to repeat. It
may however be remarked, that alembics, and other complex distillatory apparatus,
were employed by the alchemical physicians who flourished between the ninth and
thirteenth centuries. Mesue mentions the distillation of rose-water, and the produc-
tion of spirit of wine is noticed by Raymond Lully. At this time, too, furnaces of pe-
culiar construction, and a variety of complex apparatus and accoutrements, were introe
duced into the laboratory. ‘

During the fifteenth and sixteenth centuries, Alchemy was at its acmé, and many
were the unwary and avaricious who were entrapped by the golden prospects and
plausible mysticism of the art. Among them was that admirable artist Mazzuoli of
Parma, better known under the name of Parmagiano. ‘

Curious discoveries and useful inventions multiplied rapidly during the seventeenth
century. Kunckel, in Saxony, successfully promoted the Chemistry of the Arts. In
1669, Brandt of Berlin discovered Phosphorus, and about the same time Homberg ac-
cidentally produced a spontaneously inflammable compound, which he called Pyro-
phorus. In 1674 the elder Lemery acquired great and deserved fame at Paris as a
chemical lecturer. He was the first who threw aside the affected and pompous diction
habitually indulged in by his predecessors and contemporaries, and adopted a simple-
and perspicuous style, which at once tended to the ready diffusion of his subject, and
to its permanent popularity. When he published his course, « it sold” says Fonte-
nelle « like a novel or a satire.” '

The establishment of literary and scientific societies during this age was another
-grand step towards the promotion of knowledge, and the period was particularly pro-
pitious to their progress, Bacon, Galileo, and Kepler, had opened that road to truth
which was so eagerly and successfully, pursued by Boyle, Hooke, and Mayow, in this
country, and in which the miraculous mind of Newton displayed its brilliant powers.
In Germany, Beccher and Stahl are entitled to particular mention. The suggestions
of the former, who was a man of an acute and inquisitive turn of mind, led the latter
into that train of speculation which terminated in producing the Phlogistic Theory,
and which will presently be more particularly considered. Homberg, Geoffroy, and
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the two Lemerys, were zealous foltowers of expetimental chemistry in France, at the
establishment of the Royal Academy of Scienees.: In short, the independent zeal and
thealthy activity in scientific pursunit, which has since'marked its progress in Europe,
became manifest early in the seventeenth century ; and the causes I have attempted to |
unfold contributed to the splendour which it began to acquire about the end of that
important era in the general history of the werld. The clouds of ignorance and error
quickly dispersed before this happy dawn ef true knowledge ; and science, no longer
enveloped in scholastic mystery and absurd speculation, began to display those in-
herent charms, which gained her the courtship and admiration of every liberal and

cultivated mind, and which laid the foundation of that extended dominion which she
“acquired in the succeeding age. '

SECTION 11,

STATE OF CHEMISTRY AT THE OPENING OF THE RIGHTEENYH CENTURY.~—OPINIONS OF
BECCHER AND STAHL RESPECTING THE PHENOMENA OF COMBUSTION, COMPARED WITH

THR VIEWS OF REY AND MAYOW.——PNEUMATIC CHEMISTRY OF HAILES AND BOER-
HAAVE.~—INVENTION OF THE THBRLiOMETBL

Tue history of the progress of Chemistry during the seventeenth century presents
many active and able inquirers, whose researches tended to develope new properties
and combinations of bodies; but their attempts at theory aund generalization were,
with few exceptions, absard and abortive.. They consisted in wild hypothesis and
vague speculation, and were founded, not apon the sobet and steady basis of truth; but
upon the unreal and tottering visions of the imagiration. The spirit of Lord Bacon
was slow in animating experimental philosophy, until Newton rose to surprise and illu-
‘mine the world. It then assumed a new and cheerful aspeét, and quick was its growth,
and illustrious its progress, under the invigorating influence of that sun of science. -
.+ Although Chemistry does not lie under the same weighty obligations to Newton as

1 Those who are desirous of consulting the alchemical authors, and of becoming particularly acquainted
with the titles of their voluminous productions, will find a curious body of information on these subjects in
the Histoire de la Philosophie Hermetique, Paris, 1742.~—Gobet's Anciens Mineralogistes, published at Paris
in 1779, gives some details of the early progress of Mineralogical Chemistry in France.
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" mechanical philosophy, he conferred upon it a great and lasting benefit, by the dis-
elosure of those clear and simple views which have already been alluded to.' The im-
portant deductions, too, which flowin easy perspicuity from his experimenta] researches,
soon became general models of imitation; and the new style which we discern in the
philosophical authors of the early part of the eighteenth century throughout Europe,
may, in a great measure, be referred to the lofty example before us.

No sooner was the spell of Alchemy broken, than the phenomena of combusnon be-
gan to attract the notice of the early chemical theorists. The influence of the air upon
this process had been long observed, and many of the changes suffered by the com-

! The following passages, in addition to tlie previous observations in- the text; will be sufficient in-illustra--
tion of Newton's views of Elective Atiractions..

¢ Have not the small particles of bodies certain powers, virtues, or forces, by which they act at a distance,.

not only upon the rays of light, for reflecting, refracting, and inflecting them, but also upon one another, for
*‘produicing a great part of the phenomena of nature ? for, it is well known, that bodies act one upon another
. by: the attractions of gravity, magnetism, and electricity ; and these imstances show the tenor and course
of nature, and make it not improbable that there may be more attractive powers than these. For nature
is very consonant and conformable to herself. How these attractions may be performed I do not here
‘consider ; what I call attraction may be performed by impulse, or by some other means unknown to me..
I use that word here tosignify only, in general, any force by which bodies tend towards one another, what-
soever be the cause. For we must learn from the phenomena of nature what bodies attract one another,
and what are the laws and properties of the attraction, before we inquire the cause by which the attraction
~isperformed. The attraction of gravity, magnetism, and. electricity, reach to very sensible distances, and
80 have been observed by vulgar eyes; and there may be others which reach to so small distances as hi-
therto escape observation, and perhaps electrical attraction may reach to such small distances even without
+ being-excited by friction. - For, when. salt of tartar runs per deliguium, is not this done by an attraction
between the particles of the salt of tartar and the particles of the water which float in the air in the form
of vapours 2 And why does not common. salt, or saltpetre, or- vitriol, run per déliguium, but for want of
ssuch an attraction ? Or why does not salt of .tartar draw more water out of the air than in a certain pro-
portion to its quantity, but for want of an attractive force after it is satiated with water ? And whence is it
but from this attractive power that water, which alone distils with a gentle and lukewarm heat, will not
distil from salt of tartar, without a great heat? And is it not from the like attractive power, between the
particles of 6il of vitriol and the particles of water, that oil of vitriol draws to it a good quantity of water out.
of the air; and, after it is satiated, draws no more; and in distillation lets go the water very difficultly ?

And when the water and oil of vitriol, poured successively into the same vessel, grow very hot in the mixing, -

dees not this argue a great motion in the parts of the liquors? And does not this motion. argue that the
parts of the two liquors, in mixing, coalesce with violence, and, by consequence, rush towards ene another
with an accelerated motion > And when aqua-fortis, or spirit of vitriol, poured upon filings of iron, dis-
solves the filings with a great heat and ebullition, is not this heat and ebullition effected by a vielent mo-

tion of the parts?” &c. “ When spirit of vitriol, poured upon common salt or saltpetre, makes an ebullition

‘with the salt, and unites with it, and, in distillation, the spirit of the common salt or saltpetre comes over much
easier can it would do before, and the acid part of the spirit of vitriol stays behind ;—does not this argue
that the fixed alcaly of the salt attracts the acid spirit of the vitriol, more strongly than its own spirit; and,
" not being able to hold them both lets go its own 2"—-Newten's: Optics, Qpera omnia, 4to, Lond, 1782..
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bustible had been examined with a surprising degree of acuteness and precision ; for
fire was almost the only agent employed at that period to effect combination and
decomposition. These inquiries constitute a prominent feature in the history of Che-
mistry. It may therefore be requisite to pursue them with a minute attention, which
may at first appear tedious, but which will gain in importance and interest as they pro-
ceed.
. The first speculations in theoretical Chemistry deserving attention, are those of John
Joachim Beccher of Spires, who died in England in 1685. He gained considerable ce«
lebrity at Vienna and Haerlem, for improvements in arts and manufactures, but was ig-
duced to retire to this country, in consequence of the jealousy of rivals, and the ne-
glect of those upon whom he had conferred benefits. His works abound in shrewd
and witty remarks, and in deep and curious reasoning,—in frivolous subtilty, and in
weighty and sensible observations. His hypothesis respecting the origin of the varies
ties of matter, from the mutual agencies and combinations of a few elementary princi-
ples, though unnecessarily blended with scriptural history, are characterized by consi-
derable brilliancy of thought and originality of invention. They are detailed at great
length in his Physica Subterranea, which treats on the original creation of matter, and
the transition and interchange of elements. The Institutiones Chemice, or Edipus
Chemseus, of this author, is another curious production, containing the history of the
chemical elements, and describing the leading operations of the laboratory. Earth
was the favourite element of this philosopher, of which he supposed three varieties to
~ exist, namely, a vitrifiable, a metallic, and an inflammable earth. Of these the various
productions of nature were formed. *

1 Beccher wrote voluminously upon a great variety of subjects. His principal chemical works are as
follows. ‘

1. Oedipus Chemicus. 2. Metallurgia, de generatione, refinatione, et perfectione Metallorum. 8. Physica
Subterranea, and its various appendices. 4. Parnassus Medicinalis Tustratus. 5. Laboratorium Portatile.
6. Chymischer Rosen-garten.

Beccher’s Oedipxs is dedicated to Francis Sylvius Delebie, who, in 1658, was elected the first Pro-
fessor of Medicine in the University of Leyden. He was a man of an acute mind, as appears from his
-various essays and tracts, more especially from his Prazeos Med. Idea Nova.. He died at Leyden in
1672. * Utilissimum profecto munus subiisti, quo tui auditores non verba sed corpora, non chymerasticos
terminos, verum ipsas reales enchyrises, non inanes denique et immateriales facultates, sed a te demon-
strati, effectus causas practicas audiunt, vident, tangunt.” Beccher everywhere compliments him as & man
not of words, but of deeds ; as a philosepher, who eminently sought to render science popular and intel-
ligible to all capacities. ' )

The language of Beccher's Physica Subterranea is sufficiently inelegant and incorrect. * Excuso Latini=
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But the most celebrated chemical theorist of the latter part of the seventeenth cen-
tury is Ernest Stahl, born at Anspach in Franconia, in 1660. He adopted many of the
opinions of Beccher respecting the cause of inflammability, and’npon these founda-
tions reared the celebrated System of Phlogiston, according to which, inflammability is
supposed to depend upon the presence of a highly subtile and elastic matter, which,
at certain temperatures, is thrown into violent motion, and appears under the form of
flame orfire. Combustion is the separation of this principle, and bodies contain it in
various proportions, Cliarcoal, for instance, when burned, leaves scarcely any resi-
duum, and is, therefore, nearly pure phlogiston. Antimony, when burned, affords a
large proportion of earthy matter. If this earth be heated with charcoal, or other mat.
ter abounding in phlogiston, antimony is regenerated ; this metal, therefore, is a com-
pound of earth and phlogiston.

If sulphuric acid, which is not inflammable, be distilled with oil of tarpentine, which
is extremely so; or, in other words, if phlogiston be added to sulphuric acid, sulphur
is obtained. Sulphur, therefore, is a compound body, consisting of sulpburic acid and
phlogiston. If sulphur and common potash be fused together, a brown compound is
obtained, formerly called liver of sulphur, and the same product results'when char-
coal is heated with Glauber’s salt, which consists of soda combined with sulphuric
acid. Such was Stahl’s explanation of the phenomena of combustion, and such the ap-
parently plausible experimental proofs upon which it was founded. ! _

In Germany and in France, the phlogistic doctrine was received with that thoughtless
and eager enthusiasm which suffers the blaze of novelty to eclipse the steady light, of
truth, and which is rather captivated by plausible exterior than by internal excellence,
Evenin this country the experiments of Boyle and of Hooke, if not forgotten, were over.

tatem in hoc opere,” says he, ¢ quam darbaram esse fateor, ob materiem et ob scriptionem, in specie scrip-
tionis modum: ex ore enim dictantis totum opus conceptum est. Sic rebus attentus, verba neglexi.” This
is at once an example and apology.

1 Stahl's doctrines are very ably set forth in his Three Hundred Ezperiments, published at Berlin in
1781 ; and in his Fundamenta Chemie, Nuremberg, 1728 and 1732. He observed the necessity of air to
combustion, and considered flame or fire as resulting from its violent etherial agitations. Stabl is conti-
nually urging circumspection in hypotheses, yet preconceived opinions are always leading him to erronoous
conclusions, as the following passages amply prove.  Aer ignis est anims, hinc, sine aere nihil potest
accendi vel inflammari.”—¢ Aer in motum excitatus, seu ventus artificialis, vel etiam naturalis, mirum ex-
citat motum theris, seu flammam; hinc ad ignem fusorium, et vitrificatorium, promovendum, follibus opus
est; imo gradus et vehementia ignis dependet multum ex aeris admissione.” Fund. Chem. dogmat. et ration.
. p- 282
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looked, and hypothesis for a time gained the ascendancy over facts ; for it had been most
satisfactorily demonstrated by those experimentalists, that bodies will not burn if air be
excluded, and that, during combustion, a portion of the air is consumed by the burn-
ing body. Even at an earlier period, the same observation had been most pointedly
dwelt upon and another equally important circumstance ascertained, namely, the
. increase of weight sustained by metals during their calcination. As early as 1639,
" Brub, an Apothecary, resident in the town of Bergerac in France, melted two pounds
six ounces of tin, and in six hours the fvhole was converted into a calx, which weigh-
ed seven ounces more than the tin employed. Brun, surprised at this circumstance,
communicated it to Joha Rey,' a physician of Perigord, who, in 1630, published a
Tract upon the subject, in which he refers the increase of weight to the absorption
and solidification of air : “ Thus,” says Rey, in the fanciful language of the period,
“ have I succeeded in liberating this surprising truth from the dark dungeons of ob-
scurity ; which was vainly but laboriously sought after by Cardan, Scaliger, Faschius,
Cesalpinus, and Libavius. Others may search for it, but in vain, unless they pursue
the royal road which I have cleared. The labour has been mine,—the profit is the
reader’s,—the glory is from above.” _

But amongst the authors whose researches tended to conclusions diamelrically op-
posite to those of Stahl and his associates, and whose writings abound in anticipations
.of modern discoveries, no one stands so conspicuous as our countryman John Mayow.*
His tracts, published at Oxford in 1674, relating to chemical, physiological, and medi-
cal subjects, abound in traits of original and inventive genius, and furnish the proto-
type of many discoveries, which have conferred great and lasting renown upon suc-
eeeding labourers in the field of Chemistry. It is the treatise upon nitre and the ni-
tro-zerial spirit to which I principally allude, and of which it may be proper to give a
short but connected sketch.

1 Essays de Jean Rey, Docteur en Medecine, sur la Recherche de la Cause pour laquelle UEstain et le
Plomb, augmentent de poids quand on les calcive.” Paris, 1777.

Of these curious essays, originally printed in 1680, a copy was discovered in the Royal Library at Paris
in 1776. The scaxclty of the first edition is in some measure accounted for in the * Advertisement” to the
present, but the rarity of this reprint is very enigmatical.

2 Mayow was born in Cornwall in 1645, and died in London in 1679, at the early age of thirty-nine,
Dr Beddoes and Dr Yeats have asserted Mayow’s claims to several modern discoveries; and in many other
fnstances than those quoted in the text, he has certainly anticipated both the discoveries and mventions of
some .of . his chemical successors. All Mayow’s tracts are deserving of attentive perusal, and are of full
knowledge. The first and second, De Sal-nitro et Spirito Nitro erio and De Respiratione, contain & vast
body of chemical facts, resulting from well conceived and conducted experiments. o

10
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The atmosphere, he observes, contains a certain unitro-saline matter, a spirit, vital,
igneous, and fermentative, which exists in, and may be obtained from nitre ; that it
supports combustion, but is itself incombustible ; that it exists in nitric acid ; that
when antimony is exposed to the joint operation of heat and air, it imbibes the nitro-
eerial particles, whence its increase in weight; and that a similar change may be ef-
fected by nitre or by nitric acid ; that acidity depends upon the absorption of the same
principle which in sulphuric acid is combined with sulphur, either during combustion,
or during the exposure of pyrites to air: that fermentation is referable to a very si-
milar cause: that it is necessary to vegetation, and present in all cases of combus-
tion ; that it is absorbed by animals during respiration ; and that the same substance
which contributes to the support of flame, is likewise required for the support of life.
Mayow also was acquainted with the evolution of air during the action of nitric and
vitriolic acids upon iron, and points out a mode of collecting it, in bottles inverted in
vessels of the dilute acids. He observes that the air generated in these experiments,
although expansible by heat, is probably different from the atmosphere, as is also the
air which an animal has breathed, and in which a candle hds burned.

These are a few of the important facts dwelt upon by Mayow, respecting the nature
of the atmosphere, and of the cause of combustion. That they were not at the time
opposed to the purely speculative notions of Stahl is truly remarkable, for they ex-
plain, in conjunction with the observations of Rey and others, the great obstacle to the
phlogistic hypothesis, the increase of weight in the burning body ; they show the
real cause of the necessity of the presence of air, which, if combustion consisted in the
mere evolution of the subtile principle of fire, could not be required ; and they adduced
experimental evidence, where Stahl merely'surmised.

Another active inquirer occurs in this page of chemical history ; one whose re-
searches cleared the way for the great discoveries of the succeeding era, and to whom
the merit is justly due of having opened a mine in the field of nature; who indulged,
not in the speculative and metaphysical frivolities which characterize the productions of
most of his predecessors, and many of his contemporaries, but followed nature with a
steady and unerring step, and recorded his observations in a concise, unadorned
and unaffected style. This was the Reverend Dr Stephen Hales.! He was the first

! Born in 1677 ; died in 1761. Dr Hales is one of the few divines who have employed their abundant
leisure in philosophical and experimental researchess It is said that he refused high preferment upon more
DIss, 111. D
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who instituted researches into the physiology of vegetation, a subject which he pur-
sued with considerable ardour and perseverance. He also made a variety of experiments
upon the extrication of air during the exposure of animal, vegetable, and mineral sub-
stances to heat. In perusing his Essays on these subjects, we frequently find him up-
on the verge of those splendid discoveries which fell to the lot of his fellow-labourers
and successors ; but the erroneous nature of his preconceived opinions induced him
to take for granted that which experiment should have determined, and to rest satis-
fied with results which, had they been followed up, would inevitably have led to the
most important and novel facts. His experiments do credit to his industry, but his
conclusions betray feebleness of judgment. If, instead of regarding the various
gaseous products obtained from the substances he operated upon, as consisting of com-
mon air contaminated by their effluvia, he had submitted them to more close investi-
gation, he would doubtless have run a more brilliant and successful career. He is
justly regarded as the founder of Pneumatic Chemistry, but he contributed few mate-
rials to the superstructure.

Herman Boerhaave, ! of Leyden, who was a contemporary of Hales, pursued a

than one occasion, in order that he might attend to his humble parochial duties, and continue his scientific
pursuits.

He directed his attention to the quantity of moisture imbibed and emitted by different plants, and to the
circulation of the sap, which, he says, put him upon making a more particular inquiry into the nature of a
fluid which is so absolutely necessary for the support of the life and growth of animals and vegetables.

His Specimen of an Attempt to analyse the Air by Chymiostatical Experiments displays extraordinary in-
genuity in the contrivance of experiments and apparatus. It was his misfortune to consider the various
gases which he procured as mere modifications of atmospheric air. Philos. Trans. Statical Essays,
London, 1781. .

1 Boerhaave was born in December 1668, at avillage near Leyden. He died in September 1738. He was an
eminent ornament of medicine, as well as of chemical science. His oration upon resigning the office of Go-
vernor of the University of Leyden has been justly eulogised by Johnson. (Life of Boerhaave.) He here
declares in the strongest terms (says his eloquent biographer) in favour of experimental knowledge, and re-
flects with just severity upon those arrogant philosophers, who are too easily disgusted with the slow me-
thods of obtaining true notions by frequent experiments, and who, possessed with too high an opinion of
their own abilities, rather choose to consult their own imaginations than inquire into nature, and are better
pleased with the charming amusement of forming hypotheses than the toilsome drudgery of making obser-
vations.

The emptiness and uncertainty of all those systems, whether venerable for their antiquity, or agreeable
for their novelty, he has evidently shown ; and not only declared, but proved, that we are entirely ignorant
of the principles of things, and that all the knowledge we have is of such qualities alone as are discoverable
by experience, or such as may be deduced from them by mathemstical demonstration.

Boerhaave's contributions to physic were large and valuable. His principal chemical work is the Ele-
menta Chemie, of which a good translation, with notes, was edited in 1758 by Dr Shaw. This work he
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similar train of inquiries ; but, although many of his experiments were new and well
conceived, he was not more happy in his conclusions, nor more fortunate in his dis-
coveries. He attributed the elasticity of air to its union with fire, and considered its
ponderable matter as susceptible of chemical combinations ; but the existenee of dif-
ferent aeriform fluids escaped his notice.

The philosophers whose names have been now recorded, not only greatly added to
the stock of chemical facts collected by their predecessors, but conferred new life and
vigour upon the science by their occasional incursions into the regions of theory and
rational speculation :—in this light, the works of Rey, Mayow, and Stahl, deserve par-
ticular attention ; the two former for correetness and precision, the latter for boldness
and ingenuity.

About this period the Thermometer was brought to perfection, which tended mate-
rially to the progress of that most refined and difficult branch of Chemical Philosophy,
relating to the nature and effects of heat. The researches, on this subject, will pre-
sently form an important feature in our history, which renders it proper to notice this
instrument of such consequence in their prosecution. ‘

That bodies change in bulk, with variations of temperature, must have been noticed
at a very early period ; but there can be little doubt, that the idea of constructing an
instrument for measuring these variations first occurred to Santorio, ! Professor of
Medicine, in the University of Padua, in the beginning of the seventeenth century;
he is also celebrated for his Medico-statical experiments, which are well burlesqued
in one of the early numbers of the Spectaior. *

dedicated to his brother, who was intended for the medical profession, but went into the church ; while
Boerhaave, who originally studied divinity, relinquished it for physic and chemistry. Alluding to this cir-
cumstance, * Providence,” says he, ¢ has changed our views, and consigned you to religious duties, while
I, whose talents were unequal to higher objects, am humbly content with the profession of physic.”

In the Elementa, and in several of his Orations, are admirable remarks upon the useful application of
Chemistry to other branches of knowledge. His observations upon its usefulness and necessity to the me-
dical practitioner, may be well enforced at the present day ; for, excepting in the Schools of London and
Edinburgh, Chemistry, as a branch of education, is either entirely neglected, or, what is perhaps worse, su-
perficially and imperfectly taught. This is especially the case at the English Universities, and the Lon-
don Pharmacopeeia is a record of the want of chemical knowledge, where it is most imperiously re-
quired.

} Santorio was born in 1561 at Capo d’Istria, on the borders of the Gulf of Trieste. He died at Venice
in 1686. His Ars de Statica Medicina was published at Venice in 1614. Much merit is due to the steady
perseverance with which he opposed the occult remedies of the empirics of his day.

% No. 25. By Addison.
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Santorio’s thermometer consisted of a tube, blown at one end;into a bulb, and. with
the other open extremity immersed into water. In cold weather the confined air
contracted and the water rose in the tube—in a warm atmosphere the air expanded
and the fluid fell. Santorio observed some other particulars connected with the ope-
ration of this thermometer, among which the increased influence of the sun’s rays,
when the bulb was blackened, deserves notice.

The Academicians del Cimento, whose early labours have already been mentioned,
materially altered and improved the thermometer, by employing a liquid to measure
temperature, instead of air, the changes of-bulk in which, in a moderate range of tem-
perature, are so considerable as to render the instrument extremely bulky and other-
wise inconvenient. They generally used spirit of wine, and fixed a scale of degrees to
the tube, with a view to ascertain its variations in bulk with greater precision. These
instruments soon acquired considerable celebrity, and were largely circulated under the
appellation of the Florence Glass. In this state the uses of the thrermometer were ex~
tremely limited, no two instruments corresponded, and there being a free communication
between the fluid and the external air, it was liable to evaporation,—~yet was this thermo-
meter.much preferable to the over-sensible and bulky instrument of Santorio. There was
another objection to spirit.of wine, arising aut of the readiness with. which it assumes
an elastic state, and. which renders it unfit for measuring temperatnres even below the
heat of boiling water. SirIsaac Newton,therefore,suggested the use of linseed oil, which,
however, is extremely ill adapted to the purpose on account of: its. unctuosity, and the
ease with which it solidifies. Quicksilver. was first recommended by Roemer, ! the
eminent Danish philosopher, who discovered the motion of light ; it was also employed
by Dr Halley, and is now generally used. The advantages of this fluid metal in the
construction of the thermometer are manifold; it retains its liquid state at very high
and very low temperatures, and has the peculiar excellence of expanding very equally
for equal increments of heat, which is far frem the case with spirit of wine.

But the great improver of the thermometer was Fahrenheit,* a merchant of Dantzic,
who, having failed in business, and being attached to chemical and mechanical pur-
suits, was obliged to gain a livelihood by making and selling these instruments. Fah-
renheit used both spirit of wine and quicksilver, and hermetically sealed the tube con-
taining the fluid ; he also greatly improved the method of grad\uation. by establishing

! Born at Arhusen in Jutland, in 1644,—died at Copenhagen in 1710.
¢ Born at Dantsic in 1686,~~died in 1724
‘ Y
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twa points as the extoemen of his scale, and subdividing' the istermediate pestion intor
a given number of degrees.

The division of the thermometric seale had oecupied the attention of several
learned and. ingenious men; but it was Fahrenheit who peinted out the most ac-
curate means of accomplishing this purpose. Fhe carious circumstance of the
water running from melted snow being always of the same temperature, appears.
first to have occurred to. Giiricke of Magdeburgh, but was first applied. to the gra-
duation of thermometers by Sir Isnac Newton. Dr Hooke had observed that the
quicksilver in the tube of the thermometer, plunged into boiling-water, always
rose to the same height; accordingly, if & mercurial thermometer be put into
melting snow, and the point at which the fluid stands, marked upon the tube, and:
then transferred to boiling-water, and that point also marked, and if the intermediate:
space be subdivided into- any number of equal degrees, 100 for instance, it follows
that, provided proper precautions have been taken in selecting and filling the tube,
every thermometer so constructed will indicate the same degree, when applied to bo-
dies of the same temperature. With regard to the boiling point, Fahrenheit observed
it to differ under different degrees of atmospheric pressure, and pointed out the neces-
sity of fixing it at a mean barometrical altitude, He had also noticed, that a degree: of
cold much more intense than that of ice might be procured by a mixture of snow and
salt; and conceiving this to be extreme cold, he commenced his scale from that point, -
which is 32° below. the freezing of water. Accordingly, Fahrenheit’s scale commen-
ces at 0° the temperature of his freezing mixture; the freezing point of water is
marked 32°, and the-beiling point 218° ; the space between the freezing and boiling
of water being divided into 180°. The graduation of thermometers received its great.
est improvement in 1742, by Celsius of Sweden, who commenced the scale at the
freezing of water, and divided the space between it and the boiling point into 100°,
This is the centigrade scale, now used in France. Reaumur’s scale, in which the point
of congelation is marked 0°, and that of boiling-water 809, is used in some parts of the
European.Continent ; and in Rassia the descending scale of Delisle is sometimes em-

- ployed,in which the boiling point of water is 0%, the freezing 150°. These scales have
each their merits and defects. In the event of innovation, the interval between the freez-
ing and boiling of mercury, might be divided into 1000 equal parts ; the former being
40° below 0° of Fahrenheit, the latter about 4- 670°. The degrees would thus be suffi-
ciently small to be expressed without fractions ; and' the commencement of the scale,
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which is about the lowest natural temperature, would be so low, as to preclude the
frequent necessity of expressing negative degrees. '

From this sketch of the history of the thermometer, it is obvious, thet its operation
depends upon the circumstance of fluids diminishing in bulk by diminution of tempe-
rature, and the contrary ; which is really the case with all flnids except water. This
important fact was observed by the Florentine Academicians in their early experi-
ments, and it is among the most curious and interesting discoveries of that zealous and
active association of experimentalists. Having filled a large thermometer tube with
water, they plunged it into a mixture of salt and snow. The water presently began
to contract in bulk, and descend in the tube; but, instead of continuing to do so, till it
reached the freezing point, after a short time it commenced expanding ; the expan.
sion went on 1ill a portion of the water froze, and was then very suddenly increased. *

The temperature at which water thus begins to expand by cooling is 40° Fahren.
heit, and water cooled down to 32° that is, 8° below 40°, occupies the same space as.

! This proposal is suggested by Mr Murray. System of Chemistry, Vol. L.

2 The following unaffected narrative of this celebrated experiment is very different from the usual verbose:
and pompous style of the philosophers of the period.

‘ Gia sapevamo per innanzi (e lo sa ognuno) che il freddo da principio operain tutti i liquori ristrignimen-
to, e diminuzione di mole, e di_cid non solamente n’avevamo la riprova ordinaria dell’ aquarzente de’ Ter-
mometri, ma n’avevamo fatta esperienza nell’ acqua, nell’ olio, nell’ argentovivo, ed in molt’ altri fluidi. Dall’
altro canto sapevamo ancora, che nel passaggio, che fa I'acqua dall’ esser semplicemente fredda al rimuoversi
dalla sua fluidita, e ricever consistenza, e durezza coll’ agghiacciamento non solo ritorna alla mole, ch’ ell’
aveva prima di raffreddarsi, ma trapassa ad una maggiore, mentre se le veggon rompere vasi di vetro, e di
metallo con tanta forza. Ma qual poi si fosse il periodo di queste varie alterazioni, che in essa opera il
freddo, questo nan sapevamo ancora, ne era possibile d’arrivarvi con agghiacciarla dentro a’ vasi opachi,
come quei d’argento, d’ottone, e d’oro’'ne’ quali s’era fin’ allora agghiacciata: Onde per non mancare di
quella notizia, che parea esser I'anima di tutte quest’ esperienze, ricorremmo al cristallo, ed al vetro, spe-
rando per la transparenza della materia d’aver presto ad’ assicurarci come la cosa andasse, mentre i poteva a
ciascun movimento, che fosse apparso nell’ acqua del collo, cavar subito la palla dal’ ghiaccio, e riconoscer in
essa quali alterationi gli correspondessero. Ma la veritd si &, che noi stentammo assai pid che non ci sa-
remmo mai dati ad intendere, prima di poter rinvenire alcuna cosa di certo intorno a’ periodi di questi acci-
denti. E per dirne pil distintamente, il successo & da sapere, che nella prima immersione, che facevamo
della palla, subito, ch’ella toccava I’acqua del ghiaccio s’osservava nell’ acqua del colle un piccolo solleva-
mento, ma assai veloee, dopo il quale eon moto assai ordinato, e di mezzana velocita s’andava retirando
verso la palla, finché arrivata a un certo grado non proseguiva pid oltre a discendere, ma si fermava quivi :
per qualche tempo, a giudizio degli occhi, affatto priva di movimento. Poi a poco a poco si vedea rico-
minciare a salire, ma con un moto tardissimo, e apparentemente equabile, dal quale senz’ alcun proporzionale
acceleramento spiccava in un subito un furiosissimo salto, nel qual tempo era impossibile tenele dietro
coll’ occhio, scorrendo con quell’ impeto, per cosi dire, in istanti le decine e le decine de’ gradi.” Espe-
rienze intorno al progresso degli artifiziali agghiacciaments, e de’ loro mirabili accidenti. Saggi di naturali es-
perienze fatte nell’ accademia Del Cimento.” Firenze, 1691.

4
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when heated to 8° above 40°; in other words, the density or specific gravity of water
is at its maximum at 40°.

When in the year 1683 Dr Croune repeated this experiment before the Royal So-
ciety, Hooke attributed the effect, not to any peculiarity in the expansibility of water,
but to a rapid and sudden contraction of the glass bulb, which would force the water
upwards in the tube;' a conclusion amply disproved by other forms of the experi-
ment, especially by that suggested by Dr Hope? of Edinburgh, in which a freezing
mixture was applied to the surface of water at 60° contained in a tall cylindrical glass
jar. The water was cooled throughout to 40°, and then the surface sunk to 32°, and
froze. But when the freezing mixture was applied to the bottom of the jar, the water
became cooled throughout to 32°. If the cold be applied to the centre of the vessel,
as long as the water is above 402, the warmer part will always be at the top, but be-
low 40° the arrangement is reversed, and the warmer part being then most dense, oc-
cupies the lower half of the vessel, and the colder portion floats upon it.

The influence of this singular anomaly, which has thus been demonstrated by unan-
swerable experiments, is of great extent and importance. In most of the cases in

1 The Histories of the Royal Society by Sprat and Birch, contain a curious body of experimental evi-
dence on a great variety of philosophical subjects, and detail the opinions and observations of many eminent
persons upon the various researches that were carried on before that learned body. The business of the
Society was formerly conducted upon a very different plan from that now pursued, and much resembled
the present proceedings of the Academy of Sciences of the Royal Institute of France.

The following is"Dr Birch's memorandum relating to this experiment :

February 6, 1683.

A letter of Mr Musgrave to Mr Aston, dated at New College, Oxford, was read, containing, among
other things, several expgriments about freezing, as that two inches of water in a tube } inch diameter, ex-
panded itself, upon freezing, # higher; that a tube one inch diameter filled 6 inches, rose upon freezing,
% of an inch; and that half a pint of water, upon freezing, lost in weight 3ij. Dij. gr. viij.

Dr Croune said, that having weighed three ounces of water, he found it, after freezing, to differ a scru-
ple and half.

Sir Christopher Wren remarked, that if water were suddenly frozen, there would be less difference in
weight.

Dr Croune said, that he observed water which he had put into a bolt-head, to rise higher before there
was anything of freezing in it. )

Mr Hooke attributed the rising of the water in the neck of the bolt-head, to the shrinking of the glass.

Dr Croune said, that the glass had been long in the cold, before, and that the water rose immediately.

Dr Wallis proposed, that an empty glass might be cooled well in a freezing liquor, in order that it might
bave its contraction before the water be put into it.

This was done immediately by Mr Hunt, and the water being put into a small bolt-head, rose about *# of
an inch in the neck, though the air at that time was very warm. (Birch's History of the Royal Society.
Vol. 1V. p. 258.)

* Edinburgh Transactions, Vol. VI.
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which nature deviates from her usual established laws, philosophy has discovered hap-
py consequences in her aberration; and where such discovery has not been made,
investigation should be upon the alert to trace the clue that is presented.

If water were obedient to the same laws of refrigeration as other less universal li-

| quids, such as spirit, oils, and quicksilver, it must be evident, that, during the winter’s
cold, our rivers and lakes, instead of presenting a superficial stratum of ice, would soon
become solid throughout ; the continuous influence of the summer’s sun would be re-
quired to produce their fluidity, and the inhabitants of the waters would annually risk
extermination, : ‘

These effects are obviated by the peculiarity observed by the Academicians del Ci-
mento. As the temperature of the earth is in winter always greater than that of the at-
mosphere, the cooling of large bodies of water must take place from above, by the con.
tact of cold air and chilling blasts. The whole mass will thus be lowered to 400, after
which, the water becoming speciﬁcally lighter as it becomes colder, remains upon the
surface where it sinks to 32+, and is converted into a film of ice, which being a bad con-

“ductor of heat, thickens slowly, and affords further protection to the warmer fluid be-

neath. Those who in winter’s cold accidentally fall through the ice, are surprised by
the comparative warmth of the water below, and the aquatic animals that in summer
sport upon the surface of their element, retire in winter to the more genial retreats
which nature has thus provided.

In tracing the progress of Chemistry through its dark and early periods, the historian
necessarily traverses a rugged and barren path; his chief object must be to advance,
and the shortest is generally the safest road. Reaching the age of Alchemy, the pro-
spect, though improved, is not such as to demand a very deliberate survey : its fictions,
however, like those of romantic chivalry, have somewhat of reality for their basis, and
by the mere increase of experimental inquiry, contributed esseritially to the growth of
chemical knowledge. As a science, its progress was languid until the middle of the
seventeenth century, when it began to shake off the lethargy in which it had been
sunk, and was turned with eager curiosity to new and more useful objects.

In the dross of the alchemical furnaces many scattered treasures were discovered,
the value of which was greatly enhanced by arrangement and systematic combination.
New views were thus opened to the Experimentalist ; and authors, dismissing the florid
exuberancies and pompous affectation of their predecessors, cultivated an unadorned
and simple style, more becoming the dignity of scientific narration.

These circumstances contributed to confer a prosperous aspect on Chemical Philo-
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sophy at the commencement of the eighteenth century. It was applied to the arts, and
to them it gave an unexpected and vigorous impulse. It was directed to the investi-
gation of nature, and there it discovered new beauties. It found ¢ tongues in trees;
books in the running brooks, sermons in stones, and good in everything.”

SECTION III.

DISCOVERIES OF DR BLACK, RERLATING TO THE CAUSE OF CAUSTICITY IN EARTHS AND
ALKALIES, AND TO CERTAIN PHENOMENA OF HEAT.

Taz discoveries of Dr Joseph Black form a most important epoch in the history of
Chemical Philosophy ; they embrace two leading subjects,——the- one relating to the
causticity of the earths and alkalies—the other to the operation of heat in changing
the state of bodies; in rendering solids liquidé'. ; dhd converting liquids into elastic or
aeriform fluids. o

Regarding these researches as isolated specimens of inductive philosophy, they
have rarely been equalled : as influencing the progress of Chemistry, by disclosing the- -
hidden cause of many very intricate phenomena, they have never been surpassed ; and,
by a happy combination of circumstances, we trace in them the distant but fertile
source of those gigantic improvements of the arts, in which the perfection of the
steam-engine is involved.

- Of a man whose scientific character is thus pre-eminent, and in whose attainments
his country has just reason to exult, history has recorded a brief but interesting me-
morial. * _

Dr Joseph Black was sprung from a Scottish family, transplanted first to Ireland
and then to France, where he was born in 1728, on the banks of the Garonne. ‘When
twelve years of age, he was sent for education to Belfast, and afterwards to the Uni.
versity of Glasgow, where ke entered upon the study of Physic, under the guidance of
that bright ornament of medical science, Dr William Cullen. In 1750 he removed to
Edinburgh ; four years afterwards, he took the degree of Doctor of Physic; and, in

! Dr Robison’s Preface to Black’s Leciures on the Elements of Chemistry.
DIss. 111, ' E :
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1756, published his Experiments on Magnesia, Quicklime, and seme other alkaline sub-
stances, in the Physical awd Literary Essays. In the same year Dr Cullen, having
remaved to Edinburgh, Dv Blagk returned to Glasgow to £ill the Medical and Che-
mical chair of that University, where he was received with open arms both by the
Classes and Professors. In 1764, he brought his ideas respecting the combinations of
heat with ponderable matter to perfection. Speculations upon this subject had occu-
pied his mind during a considerable period, but the difficulties of the inquiry, and the
time necessarily consumed in other professional avocations, had considerably interfer-
ed with the pursuit.

In 1766, he was appointed to the Chemical Chair of Edinburgh, an office which he
filled with such talent, industry, and perseverance, as not only drew an immense con-
course of hearers to his class, but tended to confer upon chemistry a degree of popu-
larity and importance, which has been greatly conducive 19 its promotion and exten-
sion. * His discourse,” says his biographer, Professor Robison, * was so plain and
perspicuous, his illustrations by experiment so apposite, that his sentiments on any
su_bjéct never could be mistaken; and hia ipstructions were so clear of all hypothesis.
or conjecture, that the,hearer rested on his conclusions with a confidence scarcely ex-
ceeded in matters of his own experience.” ! In short, Dr Black, in his professorial
capacity, was entitled to every praise, and he contributed most essentially to the
faundation and increase of the reputation which the University of Edinburgh has ac-
quired and maintainéd. Nor was his private character at variance with his public ex- -
cellence ; he was mild, amiable, and fond of conversation, whether serious or sportive ;
and he was not above uniting to the highest philosophical attainments, most of the

1 Dr Black’s character as a lecturer is given by his friend Professor Robison in the following terms :m
« He endeavoured every year to render his courses more plain and familiar, and to illustrate them by a
greater variety of examples in the way of experiments. No man could perform these more neatly and suc-
cessfully. They were always ingeniously and judiciously contrived, clearly establishing the point in view,
and never more than sufficed for this purpose, While he scorned the quickery of a showman, the simpli-
city, peatness, and elegance with which they were, performed, were truly admirsble. Indeed, the simplex
munditiis stamped every thing that he did. I think it was the unperceived operation of this impression that
made Dr Black’s Lectures such a treat to all his scholars. They were not only instructed, but (they knew
not how) delighted ; and without any effort to please, but solely by the natural emanation of a gentle and
elegant mind, cooperating indeed with a most perspicupus exhibition of his sentiments, Dr Black became
a favourite lecturer, and many were induced, by the report of his students, to attend his courses, without
" having any pacticular relish for chemical knowledge, but merely in order to be pleased. This, however, con-
tributed greatly to the extending the knowledge of Chemistry, and it became a fashionable part of the ac-

complishments of a gentleman.” Preface, p. li.
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elegant accomplishments of life. In his advanced agé he often expressed a hope that
he might not linger in protracted sickness, on account of the distress which, in such
cases, is suffered by attending friends ; and his death, which happened in his 71st yéar,
in November 1799, is on ‘this account the more remarkable. He was takihg some
milk and water, and having the cup in his hand, when the last stroke of his pulse vras
to be given, had set it upon his knees, and in this attitade expiréd without the
smallest agitation.

The writings of Black, though lamentably few, are masterpieces of scientific com-

position. Newton was his model, and he was the first who transferred into chemistry

the severe system of inductive logic, which marks the prodactions of that great nraster
of natural philosophy. ¢ In no scientific inquiries, since the date of the Principia

and Optics, do we find so great a proportion of pure ratiocination, founded upon the
description of common facts, but leading to the most unexpected and important re-

sults, as in the two grand systems of Black.” Averse to all hypothesis, and aware of
the multitudinous facts upon which a theory that is to' stand firm must be founded,

Dr Black was unwarrantably slow in the formal public disclosare of his admirable re-.

searches. His tenets were fully and freely delivered to his pupils; but he very rarely
intruded uapon the public as an author ; and his splendid achievernents in the philoso-
phy of heat are chiefly developed in his posthumous works. This silence, arising out
of an over-cautious modesty which marked all his proceedings, was not favourable to
the reputation of Dr Black. Faulty and incomplete copies of his lectures were circu.
lated among his friends and admirers, which afterwards reached the hands of those
who deserve another name, and by whom they were not very honourably employed.
The first researches of Dr Black, which it will be necessary to attend to, explain
the cause of causticity in earths and alkalies. When chalk or limestone, which are
mild insoluble tasteless substances, are heated to redness in the open fire, they are
converted into quicklime, a body corrosive, soluble in water, and having an acrid fla.
vour. Sta!al, Macquer,' and Meyer, attributed this change to some substance absorb-

! Macqﬁer was born at Paris in 1718, and died in 1784. He ranks among the most eminent scientific -

‘Chemists of the early part of the eighteenth century ; and though involved in the errors of the Phlvgistic
school, he has written with much good sense and perspicuity on a variety of chemical subjects. His most
celebrated works are, the Elemens de Chimie Theorique, Paris, 1749 ; and Elemens de Chimie Pratigque,
Paris, 1761. He also published a Chemical Dictionary. The following is all his information respecting
the property possessed by quicklime of rendering the alkalies caustic. After describing the process, he ob-
serves, “ Le but de cette operation, est de réunir avec le sel alcali fixe ce que la chaux a de salin et
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ed from the fire,—to an acrid acid,'—to phlogiston, and other creatures of the imagi-
nation. Dr Black’s mind was turned to this subject in consequence of the discovery
of magnesia. This substance made its first appearance as an Arcanum in Italy, in
1707. Valentine showed that it might be obtained from the mother-liquor of nitre,
but it was supposed to be lime, until Hoffman, in 1720, pointed out several peculiari-
ties by which it is distinguished from that earth. Hoffinan prepared magnesia from
bittern, or the saline liquor which remains after the separation of common salt from
sea water ; to this he added an alkali which precipitated the earth.? The substance
which thus exists in bittern, is a compound of magnesia and sulphuric acid. It was
first obtained from certain mineral springs in the neighbourhood of Epsom in Surry,
and thence called Epsom salt, but was sold at a very high price, in consequence of the
small quantities so procured, until the manufacturers in the neighbourhood of Lym-
ington obtained it from sea water ; it was then largely exported to the Coatinent under
the name of English salt.

Epsom salt was indeed long confounded with Glauber’s salt, and a fraud of the ma-
nufacturers here, and in Germany, tended to keep up the confusion ; for at that period.
Glauber’s salt was rare in England, and large crystals of Epsom salt were sold under
that name ; but in Germany, where Epsom salt was not common, Glauber’s salt, in

d’ 4cre.”——* On le combine avec la partie la plus icre, la plus subtile, et la plus saline de la chaux.”
“ Nous n'entreprendrons point ici d’expliquer pourquoi le sel alcali, que I'on combine avec la chaux, acquiert .
une si grande causticité. Cette question nous paroit une des plus delicates et des plus difficiles 3 résoudre
que nous offre la Chimie. Elle tient & celle des propriétés alcalines de la chaux, et on ne peut guéres es-
pérer de la résoudre, que quand on aura acquis sur la nature de cette substance, beaucoup plus de lumiéres
que nous n'en avons & présent.” Elemens de Chimie Pratique, pp. 179. 182.

1 J. F. Meyers, Chemische versuche zur nihern erkenniniss des ungeloschten kalks ; der elastischen und
electrischen Materie, des allerreinsten feuerwesens, und der urspriinglichen allgemeinen siure. Hannover,
1764. In this dissertation, though published subsequently to Black’s essay, the causticity of the alkalis and
lime is referred to the absorption of a principle which the author calls Causticum, or Acidum pingue. Be-
tween the years 1760 and 1772, & great variety of dissertations were published in Germany upon this ques-
tion, some in support of Black’s doctrine, others in favour of Meyers's hypothetical absurdities. Sec Gren's
Systematisches Handbuch der Gesammten Chemie. Halle, 1794. § 437.

2 Observ. Phys. Chem. 1722.

Hoffman was the most celebrated Chemical Physician of the age. He was born at Halle in Saxony, in
1660, and died in 1742. His writings, which are voluminous, are also valuable. In 1749, they were eked
out by the Genevese Booksellers into nine folio volumes. The following are his leading Essays in Che-
mistry:

I;ry&mtims de Generatione Salium,—De Natura Nitriy—De Cinnabare Antimonii,—De Mirabili Sul-
phuris Antimonii fizati ¢fficacia,—De Mercurio et Medicamentis Mercurialibus. Observationum Physico
Chemicarum Collectio. Libri iii.
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small crystals, was vended as English or Epsom salt. Pott of Berlin, and Du Hamel
of Paris, were led into a comedy of errors in consequence of mistaking the nature of
these bodies. _ '

Dr Black found that, when magnesia was prepared by precipitating a solution of \
Epsom salt by a mild alkali, that it effervesced with acids; but that when heated to
redness it lost weight, and then dissolved without effervescence. This fact, which also
helds good in respect to lime, induced him to believe that, instead of gaining any thing
in the fire, something was lost by these earths. He, therefore, distilled some magnesia
in a retort, but found, that although it lost weight as before, nothing but a relatively
small quantity of water was found in the receiver., The experiments of Dr Hales now
rushed into his mind, and it occurred to him, that some gaseous or aeriform body had
escaped from the earth, and that this was the cause of its effervescing with acids,—a
circumstance previously ascribed to the collision of the acid and earthy particles. He
therefore put some magnesia not calcined into a bottle, with a bent tube attached to
it; and thus, during the action of the acid, obtained a large quantity of an elastic
fluid, in a vessel inverted in water ; he found, too, that chalk, and common alkali,
yielded the same kind of air. The air thus existing in these substances Dr Black
called fixed air ; and he proved it to be the cause of mildness in earths and alkalies.
If lime be added to a mild alkali, the lime absorbs its fixed air, and renders it caustiCym—
an effect formerly attributed to the transfer of the fiery particles of the lime. _

In the year 1750, Venel observed that selters, and other sparkling waters, when
placed under the receiver of an air-pump, gave out a large quantity of air, and be- .
‘came flat and insipid, and he imitated them by dissolving common soda in water, and
adding muriatic acid, which produced an effervescence and gave it briskness. ! These
experiments were a little antecedent to Dr Black’s publication, but they by no means
anticipated his discoveries,  In 1764 the conclusions\ of Black were verified, and his

! « En 1750, Venel, Professeur de Chimie & Montpellier, repritle fil de ses expériences en arretant dans
Yeau le fluide dégagé des effervescences, et en imitant ainsi, par sa dissolution artificielle, les eaux minéra-
les acidules ; mais il fit encore tous ses cfforts pour prouver que c'etoit de Lair.” Fourcroy, Histoire, p- 28.

2 Dr Brownrigg of Whitehaven threw out some curious hints respecting fixed air, or, as it is now called,
carbonic acid, as early as 1765. In a communication to the Royal Society, printed that year in their
Transactions, he rematks, - that a more intimate acquaintance with those noxious airs in mines, called
damps, might lead to the discovery of that subtile principle of mineral waters, known by the name of
their spirit ; that the mephitic exhalations termed the Choak-damp, he had found to be a fluid permanently
elastic; and, from various experiments he had reason to conclude, that it entered the composition of the
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views extended, by Dr Macbride of Dublin, who pointed out several new properties
of fixed air, and demonstrated its existence in the atmosphere ; for lime exposed to air
- gradually loses its causticity, and becomes effervescent. The operation of quick-
lime as a manure depends upon its power of rendering the inert vegetable matter of
the soil soluble and fit for the nourishment of young plants; an effect which it does
‘not produce when combined with fixed air, or in the state of chalk: hence the lime
should be spread quickly over the land, and not left in heaps exposed to the air, by
which, as Dr Macbride has shown, it is rendered mild, and of comparatively small
effect. ! .

Such are the principal features of Dr Black’s researches respecting the cause of
mildness and causticity in earthy and alkaline substances. They constitute an import-
ant body of chemical evidence, and are established upon the satisfactory basis of ana-
lytic and synthetic proofs. ' ,

I now turn to his more elaborate investigation into the effects of heat; to inquiries
so momentous in their influence upon the advancement of experimental philosophy, so
replete with difficulties, and so masterly in their execution, as to raise them to the
highest efforts of the heman mind. I have deemed a rapid glance at the discovery of
fixed air sufficient for our present purpose; for occasions yvill afterwards offer of des-
canting more largely upon its nature and properties ; but the investigation now before
us, is that from which the towering and durable greatness of Black’s name has been
principally derived ; and it was begun, contimued, and completed, by the labour of his
own hands. ‘

In speaking of the graduation of thermometers, it was mentioned, that if snow or ice
be brought into a warm atmosphere, and suffered to thaw slowly, the water which

waters of Pyrmont, Spa, and others, imparting to them that pungent taste, from which they were denomi.
nated acidule, and likewise that volatile principle on which their virtues chiefly depend.”

Mr Lane was the first who ascertained the solubility of iron in water, impregnated with fixed air. Phil
Trans. 1769. * By this means,” says Sir John Pringle in his discourse on the different kinds of Air, de-
livered at the anniversary meeting of the Royal Society, November 30, 1773, ¢ the nature of the metallic
principle in mineral waters was clearly explained, and the whole analysis of those celebrated fountains, so
often attempted by Chemists and others, and still eluding their laboured researches, was thus, in the most
simple manner, brought ta light.” )

! Macbride’s Ezperimental Essays, 1764. The merit of this performance induced the University of
Glasgow to bestow the degree of Doctor of Physic on the author.

Dr Macbride introduced some important improvements into the art of Tanning, and was the first who
employed lime water in the preparatory operations of that process. He was born in the county of Antrim

in 1726, and died in 1778.
12
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runs from it is always at one temperature;. that of 32° of Fahrenheit’s scale, ‘This
and similar cases seem to have occupied the early thoughts of our philosopher; for
his biographer informs us, that, in the oldest parcels of his notes, he found queries re-
lating to this subject. How does it happen that, although heat is constantly flowing
from surrounding bodies to the ice, its temperature is not increased? Water at 32°.
when brought into a room at 60°. goes on increasing in temsperature till it attains that
of the circumambient air; but the ice, though exposed to exactly similar sources of
heat, remains at- 32°. Why, when water is cooled several degrees below its freezing
point, does its temperature suddenly rise to that point, the instant that it congeals? or
why is it, that, when a vessel of water is put upon the fife, a thermometer plunged into
it continues to indicate increase of heat until it rises to 212°; and the water then
boils, but does not become hotter, although_it remains upon the fire, and has all its
former opportunities of acquiring heat? Such were the queries which Dr Black has
most happily resolved. ‘

In regard to the liquefaction of ice, he has demonstrated that, when solids pass into the
liquid state, the change is always accompanied with the absorption of heat, which is
concealed or becomes latent in the liquid, and is not indicated by the thermometer,
which instrument, therefore, is no measure of the abselute quantity of heat. A varte.
ty of interesting and curious experiments were undertaken with a view to ascertain the
quantity of thermometric heat, which thns becomes latent during the conversion of ice
into water. A pound of snow at 32° was mixed with a pound of water at 172°; the
snow was melted, and the temperature of the mixture was only 32° ; so that here 140%
of thermometric heat had disappeared ; their effect being; not to raise the tempera-
ture of the snow, but to convert it into water. We should say, therefore, from this expe-
riment, that water at 38° is a compomid of ice, and 140° of heat as indicated by the
thermometer. If water, at the temperature of 32°, be mixed with an equel weight of
warm water, suppose at 200°% the resuiting tempera.mre will be the mean; 232 ~ 2=
116 ; bat if we use ice, the temperature will not be the mean, for 140° of heat must be
subtracted from the warm water, which heat is consumed in liquefying the ice ; the
result, therefore, will be the same as if water at 32° and 60° were mixed, giving a
mean of only 45°. .

These experiments at once demonstrated the cause of many facts respecting the
production of heat and cold, which, though long known, remained witheut any plau-
sible explanalion,
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When solids become fluids, the production of cold is more or less evident, according
to the rapidity of the change. Those saline bodies, for instance, which are very rapid-
ly soluble in water, generate during their solution a considerable intensity of cold, for
to become fluid they must absorb heat. When snow and salt are suddenly blended,
there is an instant liquefaction, and the temperature of the substances being already
low, a degree of cold equal to 0° of Fahrenheit is obtained. The production of cold
by mixing snow and muriate of lime,’ a-very soluble salt, is —40° Fahrenheit, and
sufficient to fréeze quicksilver even in a comparatively warm atmosphere., A mixture
of 5 parts of sal ammoniac in powder, and 5 parts of nitre with 16 of water, sink the
thermometer from 50° to 10°. Equal parts of nitrate of ammonia and water produce a
more intense cold, and by a clever successive application of these freezing mixtures,
the intense degree of cold of — 91°. Fahgenheit has been artificially exhibited. This is
123° below the freezing of water, and 40° below the greatest natural cold hitherto ob-
served, which was at Hudson’s Bay, where the spirit thermometer has been seen at 50°.

There are many counter illustrations of this doctrine of latent heat; in which heat
is evolved during the conversion of liquids into solids. If oil of vitriol be poured upon
magnesia, there is a sudden solidification of the acid by its union with the earth,and a
considerable rise of temperature ensues, Water poured upon quicklime produces a si-
milar phenomenon ; and when water at perfect rest is éxpos_ed in a covered vessel to an
intensely cold atmosphere, its temperature may be reduced to many degrees below its
freezing point: A slight agitation causes it suddenly to become ice, and at that in-
stant the temperature rises to 32°. A somewhat similar case is the sudden crystalliza-
tion of saline solutions, during which their latent heat becomes sensible to the feeling,
and is indicated by the thermometer. -

In Dr Black’s theory of latent heat, it is assumed that heat is matter; that it is a
substance of excessive tenuity, existing in variable proportions in bodies ; that when in
a free state it affects our senses, and the thermometer, but that it occasionally enters
into union with other substances, or is separated from them, consistent with the usual
laws of chemical attraction. Thus, in fluids, it is combined or latent, but when
they are converted into solids, it is separated in a free or semsible state. The other
view of the questipn represents heat as the result of a vibrating motion among
the particles of bodies; the vibrations being most rapid and extensive in the hottest
bodies. In fAuids the vibrations are accompanied by a motion of the particles round
their-own axes; and when solids pass into the fluid state, the vibratory motion or tem-

perature is in part lost, by the communication of the rotatory motion to the particles.
‘
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Each -of these hypotheses has had its able defenders and advocates ; the ideas of New-
ton seem to have been favourable to the latter, and many facts may be adduced in its -
support. The strongest are the imponderability of heat, and its continnous extrication
by friction. That we discover no increase of weight in a heated body may be aftri-
buted to the insufficiency of our instruments, but its unlimited production in a variety
of cases, though consonant with the hypothesis of vibration, ill agrees with that of a
specific form of matter.

If a soft iron nail be beaten upon the anvil, it becomes hot and brittle, and. it can-
not again be rendered malleable till it has been resoftened by exposure to the fire.
By those who favour the notion of a matter of heat, this has been called an ezperimen-
tum crucis. The matter of heat, say they, is squeezed out of the nail, as water out
of a sponge, but it is reabsorbed in the fire. In this experiment, however, it must be \
recollected,that the mechanical arrangement of the particles of the iron is considerably
altered ; it is rendered very brittle ; and hence, perhaps, its msusceptxblhty of becoming
again hot till restored to its former state or texture by the expansive power of fire.

It was not until the publication of the researches which have just been considered,
that a variety of curious circumstances concerning congelation were understood. The
gradaal progress in the freezing of large bodies of water has been shown to depend in
some measure upon the remarkable anomaly respecting its maximum of densitj'; but
it is also materially connected with the phenomena of latent heat ; for water, before it
can become ice, must part with a quantity of heat, which, if suddenly evolved, would
raise_the thermometer 140°. It must also be obvious, that the process of thawing
suffers a similar retardation, for ice requires for its conversion into water, the absorp-
tion of 140°. of sensible heat.

Thus we see that sudden congelation and sudden liquefaction are alike prevented ;
that the process must be gradual, and consequently productive of none of those evils
which would result from a more rapid change.

One of the great advantages of irrigation, or meadow watering, is also explained by a
reference to these principles. In an irrigated meadow, the surface of the water may be
frozen ; but as water at 40° is heavier than at 32°, the former will be its temperature -
in contact with the grass; and it is a temperature perfectly congenial to the functions of
vegetable life. Sir Humphrey Davy examined the temperature in a water meadow near
Hungerford, in Berkshire, by a very delicate thermometer. The temperature of the air,
at seven in the morning, was 29°. The water was frozen above the grass; the tempera-
ture of the soil at the roots of the grass was 43°. Thus, by the peculiarity in the re-
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frigeration of water, by the defence afforded by the stratum of ice, and by the laws of
congelation, the vegetables are not merely protected from the effects of an intensely
cold atmosphere, but likewise from the injurious influence of sadden changes of tem-
perature. .

Congelation is to surrounding bodies a source of heat, and there is no inconsiderable
mitigation of the extreme cold of air wafted over large bodies of water, by the transfer
of latent to sensible heat, which must occur before they can freeze.

The theory of freezing mixtures has led to considerable improvements of their ap-
plications, and many new and curious discoveries have resulted in pursuing this inqui-
ry. Indeed, whatever tends to disclose the laws of nature cannot ultimately fail of
subjecting her more or less to the uses of life, and of manifesting more and more the
wisdom of the Creator.

Having established the above facts respecting the cause of fluidity, Dr Black pro-
ceeded to the second part of his inquiry, relating to vaporisation, and pursued it with.
the same abilities and success. ' Finding the thermometer to remain stationary at
212° in boiling water, he conceived the process of ebullition to be in some respects
analogous to that of liquefaction, and that the heat which did not raise the tempera~
ture of the waier, entered into union with it, and became latent in the steam, If this

0y

1 ¢« When we heat a large quantity of a fluid in a vessel, in the ordinary manner, by setting it on a fire, we
have an opportunity of observing some other phenomena which are very instructive. The fluid is gradual--
ly heated, and at last attains that temperature which it cannot pass without putting on the form of vapour.
In these circumstances, we always observe, that it is thrown into the violent agitation which we call boil-
ing. This agitation continues as long as we throw in more heat, or any of the fluid remains, and its vio-
lence is proportional to the celerity with which the heat is supplied.

¢ Another peculiarity attends this boiling of fluids, which, when first observed, was thought very surpris-
ing. However long and violently we boil a fluid, we cannot make it in the least hotter than when it began
to boil. The thermometer. always points at the same degree, namely, the vaporific point of that fluid..
Hence the vaporific point of fluids is often called their Boiling point.

¢ When these facts and appearances were first observed, they seemed surprising, and different opinions
were formed with respect to the causes upon which they depend. Some thought that this agitation was
occasioned by that part of the heat, which was more than the water was capable of receiving, and which
forced its way through, so as to occasion the agitation of boiling ; others, again, imagined, that the agita-
tion proceeded from air, which water is known to contain, and which is now expelled by the heat. Neither-
of these accounts, however, is just or satisfactory; the first is repugnant to all our experience in regard to.
heat : we have never observed it in the form of an expansive fluid like air : it pervades all bodies, and can-
not be confined by any vessel, or any sort of matter; whereas, the elastic matter of boiling water, can be.
confined by external pressure, as is evident in the experiments made with Papin’s digester.”

This quotation from Black’s Lectures, (Vol. L. p. 158.), is inserted to. show the state of the argument re-
specting the phenomena of ebullition previous to his researcheés.
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avere the case, it should be re-evolved during the condensation of steam ; and thus a
method was devised of ascertaining its thermometric quantity. Dr Black’s experi-
ments on this subject were very numerous. I shall allude to such as put the pheno-
amenon in the clearest light, and are perfectly unconnected with hypothesis.

He noted the time consumed for raising a certain quantity of water to its boiling
point, and then kept up the same heat till the whole was evaporated, and marked the
time consumed by the process. It was thus easily computed what the temperature
would have been, supposing the rise to have gone on above 212° in the same ratio as
below it. The water was originally at 50°; it boiled ia four minutes, and in twenty
mioutes was all evaporated. In four minutes, therefore, it had gained 162° for 50° +
162 = 212 ; and in twenty minutes would have gained 162 X 5 = 810°; which may,
therefore, be considered as the equivalent thermometric expression of the latent heat
of the steam. Another good illustration of the absorption of heat in the production
.of steam, is furnished by heating water under compression. It may then be raised
many degrees above its ordinary boiling point; but, on removing the pressure, a por-
tion of -steam rushes out, and the remaining water has its temperature lowered to
21901 '

Hence we learn, that the conversion of water into vapour is attended with a great
loss of heat to the surrounding bodies ; and although the perceptible temperature of
swater and steam are identical, the latter contains heat equivalent to between 800 and
900° of perceptible or thermometric temperature. When steam is reconverted into
water, this large quantity of heat is again given out; and hence a small portion of
steam is capable of heating a large body of water to its boiling point. The knowledge
of this fact is of great economical importance ; and in breweries and other manufacto-
ries, where large bodies of water are required to be boiled, the steam, instead of being
suffered, as formerly, to pass off into the air, is conveyed by pipes into other vessels
of water, which it heats during its condensation. In the same way, rooms and houses
are warmed by the heat evolved during the condensation of steam, in iron or copper
dubes which traverse the building, and the method is at once safe and effectual.

Itis in consequence of the latent heat of steam, that, in the process of distillation,
we are obliged to present so large a surface for condensation ; and it is not difficult,
by the help of a still, to calculate the latent heat of steam. I, for instince, one hun-

} See Black’s Experiments, which prove the absorption of heat. ZLectures, Vol. L. p. 157, &c.
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dred gallons of watcr at 50° be mixed with one gallon at 212°, the temperature of the
water will be raised above 13°. If, by the common still-tub, one gallon of water be
condensed from the state of steami by one hundred gallons of water at 50°, in that case
the water will be raised 11° which is about 94° degrees more than in the former in-
stance. Hence it appears, that the heat imparted to a hundred gallons of cold water
by eight pounds of steam, would, if it conld be condensed into one gallon of water,
raise it 950°. '

The average of the various experiments which have been made on this subject,
warrants us in placing the latent heat of steam between 900° and 1000°.

These facts demonstrate that the condensation of vapour is always a heating pro-
cess, and that its formation must equally be attended with the production of cold.

! About the year 1774, it was observed by Dr Cullen, that a thermometer mois-
tened with spirit of wine or ether, sinks many degrees during the evaporation of those
fluids; with others, the thermometer may be made to fall from 60° to 0°. The cause
of this is sufficiently explained by Dr Black’s theory ; the ether and spirit readily pass
into vapour, which reqnires a certain quantity of heat for its production ; this is taken
from the bodies it happens to be in contact with, as from the thermometer or the
hand ; hence the cold perceived when these fluids are applied to the body, and the ad-
vantage which results from their appliéation in " cases of barns, and inflammations.
These circumstances led Dr Callen to accelerate the evaporation of these fluids, by
exposing them under the receiver of the air-pump ; by placing a flask half full of ether

1 ¢ The Chemistry of Stahl, as it was cultivated in Germany, and France, and other countries of Europe,
scarcely aspired beyond the bounds within which it had been circumscribed by its original founder. A few
important facts, indeed, were added, but they were either connected with medical preparations, or attract-
ed attention solely as objeets of curiosity. The great and tempting field of Philosophical Chemistry lay un-
explored, when it was entered upon with ardour by Dr Cullen, who first peceived its value, and whose ge-
nius and industry, had they not been turned into another chanmel, would, in all probability, have been
crowned with the richest discoveries. But though Dr Cullen soon abandoned his chemical pursuits for
those of medicine, he was fortunate enough to have initiated into the science a man whose discoveries form-
ed an era in chemistry, and who first struck out a new and brilliant path, which was afierwards fully laid
open, and traversed with so much eclat by the British philosophers who followed his career. This fortunate
pupil of Dr Cullen, was Dr Joseph Black.” Thomson, History of the Royal Society, p. 468.

Dr Cullen’s fame as a promoter of chemistry has been lost in his greater celebrity as a teacher of me-
dicine. ¢ Chemistry,” says his biographer, Dr Anderson, “ which was, before his time, a most disgust-
ing pursuit, was, by him, rendered a study so pleasing, so easy, and so attractive, that it is now pursued by

- numbers as an agreeable recreation, who, but for the lights that were thrown upon it by Cullen and his pu-
pils, would never have thought of engaging in it at all.”

Cullen was born in Lanarkshire in 1712, and died at Edinburgh in 1790.
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in a tumbler of water, it was found that, durihg the process of exhaustion, the evapo-
ration was so rapid from the ether in the flask, as to convert the surrounding water
into ice.? i ' ‘

This part of the philosophy of heat, regarded in its connection with the phenomena
of nature, opens pleasing views of her order and economy. In the constant evapora-
tion from the earth’s surface, from rivers, lakes, and the sea, we discern an unfailing
cause of equalization of heat; the vapour thus formed, ascending to colder regions,
there becomes a source of increase of temperature, and, re-assuming fluidity, is thrown
upon the earth in fertilizing showers, or forming torrents among the mountains, and
rivers in the valleys, is returned to the parent ocean, and again becomes active in a
similar cycle of changes. ' '

Bat besides thesé obvious and complete changes in the state of matter connected
with the evolution or absorption of heat, there are others in which similar alteration
of temperature is observed, without a positive change'of form. Whenever the den-
sity of a body, whether solid, liquid, or aeriform, is varied, there is an equivalent vari-
ation in its latent heat. The specific gravity of soft iron is increased by hammering,
and heat is evolved during the operation. A piece of Indian rubber, suddenly extend-
ed, becomes warm. If water be mixed with oil of vitriol, the density of the water is in-
creased, and there is a very considerable augmentation of temperature. If air be sud-
denly compressed, it retains its elastic state, but' becomes violently heated; on the
other hand, if air be quickly rarified, there is an equivalent reduction in its tempera-

1 Dr Cullen’s paper is published in the Physical and Literary Essays and Observations. Edinburgh, 1756.
Vol. II. Tt contains the details of many interesting experiments upon the production of cold, and he con.
siders the power of fluids in this respect, as nearly according to the degree of volatility in each. * If to
this,” says he, “ we join the consideration that the cold is made greater by whatever hastens the evapora-
tion, and particularly that the sinking of the thermameter is greater, as the air in which the experiment is
made is warmer, if dry at the same time, I think, we may now conclude, that the cold produced is the ef-

Ject of evaporation.”

A very curious and ingenions method of accelerating the evaporation of water, 30 as to produce a freez-
ing temperature, has lately been devised by Professor Leslie. If we place a small basin of water under the
receiver of the air-pump, its temperature will sink a few degrees during exhaustion. If a large surface of
oil of vitriol be at the same time included in the exhausted receiver, the vapour of the water is rapidly ab.
sorbed by that fluid, the perfection of the vacuum is thus maintained, the production of vapour is extremely
rapid, and the quantity of heat absorbed for its formation so considerable, as to allow of the conversion
of the remaining water into ice. Other absorbents, such as dry clay, oatmeal, &c. may be substituted for
the acid. The operation of wine and water coolers, and all cases in which diminution of temperature re-
sults from evaporation, are admirably explained upon Dr Black’s Theory of Latent Heat..

- .
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ture. In these cases, bodies are said to change their capacities for heat ; increase of
density is attended with a diminution of capacity for heat; and diminution of density
with an'increased capacity. The phenomena thus presented are such as the doctrine
of latent heat would lead us to expect. 'When afluid is converted into a solid, there
is a copious evolution of heat ; when a fluid approximates to a solid state, or where its
.density is increased, we might-expect that heat would also be evolved. *

The last train of investigation, in regard to heat, which occupied Dr Black’s
thoughts, related to the different-quantities of heat contained in different substances of
the same temperature, without relation to change of density or state. A reference to an
-experiment will perhaps render this point more intelligible. If, for instance, a given
quantity of boiling water, surrounded with ice, in sinking from 212°. to 32°. melts one
pound of ice, and if the same quantity of olive eil, in passing from the same to the
same temperature melts only half a pound of ice, we should conclude, that, although
the thermometric temperature of the two fluids is similar, the actual quantity of heat
.contained in the water, and ascertainable by its effects upon the ice, is twice that con-
tained in the oil. To signify the quantity of heat thus contained in different bodies of
the same temperature, the term 'specz:/ic heat has been employed—we thus should
state, from the result of the experiment alluded to, the specific heat-of water to be 2,
that of olive oil 1. Irvine, Crawfurd, Wilcke, Lavoisier, and several eminent Expe-
rimentalists of the present day, have-engaged themselves in researches on this subject,
but the 'inquiryori.ginated with Dr Black, in the year 176¢.

In these limited obseryations upon the discoveries of Black, I hope to have rendere
ed myself intelligible upon those main points of his investigations, which constitute the
foundation of some of the most important and refined doctrines of chemical science,
The distinct object -of ‘this discourse being to record the march of chemical discovery,
-and not to unfold the principles of the science, it would be unwise to indulge in more
extended incursions upon this fertile ground, or to trace the great trunk of his re-
searches to its extreme ramifications. But a partial glance at the facts disclosed will
show even a superficial observer the obligations we are under to the discoveries of this
.eminently modest and unas;summg Philosopher. Of many of the most intricate pheno-
mena of nature they furnished new, easy, and luminous explanations; and to the arts

! The sinking of a thermometer suspended in the receiver of the air-pump, during exhaustion, and its
-aubsequent rise upon the readmission of air, are noticed by Dr Cullen in the paper just quoted.
n
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they were of unparalleled benefit; for, by developing their connection, not with the
shallows merely, but with the depths of science, a new road was opened to their im-
provement and perfection. '

Among the learned lookersson of this period we discern many who, with indepen-
dent and liberal minds, loved and patronized science for its own sake, and they were
pleased at its rapid progress under the auspicious guidance of Black. Others, actuat-
ed by motives illiberal and interested, countenanced science solely upon the selfish
principle of gain; the puerile. and short-sighted question of cu: bono was constantly
on their lips; but even they have been silenced by the application of Black’s dis-
coveries. '

1 This may be the proper place to show in what way the views of Dr Black’s Theory of Latent Heat are
connected with the improvements of the steam-engine-—a subject upon which I must.necessarily be brief,
as only in part belonging to the object of this discourse. The Marquis of Worcester is commonly regarded
as the inventor of the steam-engine, but his claims are not well authentieated. It is true, that, among the:
Utopian schemes to be found in his Century of Inventions, there isa dark description of a method of raising
water by steam ; but we can scarcely see how this was effected, nor are there any data recorded of the suc-
cess of the contrivance. Be this as it may, he who barely aud obscurely hints the possibility of an under-
taking cannot be regarded as forestalling him who successfully carries it into execution; and the first per-
son, who, upon decided evidence, constructed an engine for raising water by the alternate force and con-
densation of steam, was Captain Savary,~~who also published an account of his invention in a small tract call--
ed the Miner’s Friend. To enter into a description of this instrument would be irrelative to my present
purpose; I therefore pass on to that of Newcomen, who, in 1705, obtained a patent for an improved steam-
engine. It consisted of a boiler having a cylinder placed upon it, in which was a solid plunger connected
by its rod with a beam and lifting pump. The plunger was elevated by the elastic force of steam admitted
from the boiler. The steam-cock being closed, a small stream of cold water was suffered to run into the
cylinder, by which the steam was condensed ; the pressure of the atmosphere then acting upon the surface.
of the plunger, forced it to the bottom of the cylinder, whence it was again raised by the readmission of steam, .
and so on. In 1717, Mr Henry Beighton became an improver of the steam-engine ; he was probably the:
first who caused the steam-cock to be opened and shut by the machinery, for a man was obliged.to attend.
Newcomen’s engine for this express purpose. A few other improvements were made by different persons,
but they did not affect the general action of the engine; the steam was alternately admitted inte, and con..
densed in the main cylinder; and although defects in its power had been noticed, their cause was unknown.
until 1765, when, happily for the prosperity of the arts and manufactures of this country, the subject engag--
ed the keen ingenuity of Mr Watt. The model of a Newcomen’s engine fell into his hands to be repaired,
and in this he presently observed the immense loss of steam occasioned by its admission into the cylinder
just cooled for condensation ; indeed, he went so far as to ascertain, by experiment, that half the steam of
the boiler was thus lost. For, having constructed a boiler which showed the quantity of steam expended at
every stroke of the engine, he found that it many times exceeded that which was sufficient to fill the cy-
linder. But the circumstance that excited his greatest surprise was, that the injection water gained ine
finitely more heat than if a quantity of boiling water, equal to that required to form the steam, had been ad-
ded to it. It was probably in this dilemma that he consulted Dr Black—and the explanation of the diffi-
culty will be obvious from the facts detailed in the text. To avail himself, therefore, of the whole power of.
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SECTION 1V.

RESEARCHES RELATING TO THE COMPOSITION OF ATMOSPHERIC AIR.~—EXPRRIMENTS OF
‘ RUTHERFORD AND OF PRIESTLEY.

Or the various discoveries, which it is the object of this Dissertation to unfold, none '
have been more important in their consequences than those relating to the compo-
sition of atmospheric air, a subject which the ancients seem not to have thought
upon, since they regarded it as an element or ultimate principle of matter.’ In this,
as in most other branches of experimental science, the advances of the human mind

the steam, it became absolutely necessary to keep up the temperature of the cylinder constantly at the
boiling point of water; this he was enabled to attain, by connecting with it another vessel, exhausted of
air, and immersed in cold water, into which, when communicated with the cylinder, the steam, being an
elastic fluid, instantly rushes and is condensed, and, on closing its connection with the cylinder, the steam,
again admitted there, now operates with full force, and suffers no further condensation. To carry off the
water from this second vessel, which he calls the condenser, and to perpetuate the vacuum, Mr Watt attach-
ed to it a pump by which both the air and condensed water are removed. The engine thus altered produced
the same power as one of equal dimensions on Newcomen'’s plan, with rather less than one-third the quantity
of steam ; hence was a considerable hindrance to the use of the engine materially diminished, namely, the
expence of fuel. But great as was this improvement, it forms a small part of the successful achievements
of Mr Watt in this department of mechanics; he amended the apparatus for boring the cylinders, and im-
proved every part of the working gear of the engine ; and he infinitely extended its applications and utility,
by applying the power of steam to produce motion round an axis; but their enumeration would lead me
out of the bounds of chemistry. I, therefore, hasten to the invention which may be said to have perfected
the steam-engine. Steam had hitherto only been used to force the piston down,—it was returned by a
weight attached to the other end of the beam. Mr Watt, in 1782, constructed an engine in which steam
was used to elevate as well as to depress the piston, an alternate vacuum being formed above and below
it, by the condenser, as before. An engine upon this plan, executed at Mr Watt’s manufactory at Soho,
near Birmingham, was first employed at the Albion Mills in 1788.
An excellent sketch of the history of the steam-engine will be found in the Edinburgh Re-umo, Vol. XIIIL
p. 81 .
us Lucreuus,
Aera nunc igitur dicam, quid corpore toto !
. Innumerabiliter privas mutatur in horas:

Semper enim, quodquomque fluit de rebus, id omne

Aeris in magnum fertur mare, qui nisi contra

Corpora retribuat rebus, recreetque fluenteis,

Omnia jam resoluta forent, et in aera vorsa,

Haud igitur cessat gigni dc rebus, et in res

Recidere assidue, quoniam fluere omnia constat. '

De Rerum Ndl;m, Lib. V. v. 274.
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have been very gradual : Mayow, in 1674, was upon the very brink of that stream of
discovery, which, in 1774, carried Dr Priestley into the fastnesses of Pneumatic Che«
mistry. Hales, by showing the mode of disengaging and collecting gaseous fluids; re-
moved many of the most serious obstacles which encumbered this path of research;
he was followed by Boerhaave, and afterwards by Black, who, having reached the
discovery of fixed air, turned into another road of investigation. Neither Mayow,

therefore, nor Hales, nor Boerhaave, nor Black, were very diligent cultivators of-

Pneumatic Chemistry ; they had, indeed, opened the mine, but did not explore it; its
treasures were reserved for those whose labours we are now about to recount, and
were chiefly borne away by the diligent dexterity of Dr Joseph Priestley.

If we trust the quotations of Rey already cited, the necessity of air, in the process of
combustion, was not only observed, but inquired into by Ceesalpinus' and Libavius, *
as far back as the sixteenth aund early part of the seventeenth century. Mayow insisted
that a part only of the atmosphere was concerned in the phenomena of combustion,
and found that air in which bodies had burned became unfit for the respiration of ani-
mals.*" As soon as it had been ascertained that, in the phenomena of combustion and
respiration, a portion of fixed air was generated, the extinction of burning bodies, and
the death of animals immersed in air, thus rendered foul, were referred to the presence
of that gaseous body, its noxious qualities having been amply proved by Black and

! Born at Arezzo in 1519; died at Rome in 1603. His medical works contain some scattered chemical
ebservations, which, however, are of little importance.

. * Libavius has sometimes been cited as the most rational chemical inquirer of his age, but of this cha-
racter I can find no justification in his writings upon chemical subjects; they are either unintelligible, or
trifling ; he certainly had some merit as a contriver of apparatus, and his furnaces and distillatory vessels
appear to have been ingeniously devised. ‘

He died in 1616.

3 ¢ Nempe animalculum quodvis una cum lucerna in vitro includatur, ita ut aeri externo aditus preeclu-
datur, quod facil@ factu est. Quo facto lucernam istam brevi expirantem videbimus ; neque animalculum
diu teda ferali superstes erit. Etenim observatione compertum habeo, animal und cum lucerna in vitro in.

clusum, haud multd plus, quam dimidium temporis istius, quo alids viveret spiraturum esse.” Tractafus

quingue, cap. vii. He then goes on to show that an animal requires less air than that wanted for the com-
bustion of a candle, and endeavours to prove that the air in which an animal has been suffocated will not
support flame. ‘ Verisimile est autem aerem, qui vite sustinende inidoneus est, etiam ad flammam conflan-
dum ineptum esse. Quoniam ad lucerne deflagrationem majori particularum aerearum copid quam ad
vitam sustinendam opus sit. Advertendum est autem hic loci, quod etsi flamma vitaque iisdem particulis
sustinentur, non tamen propterea putandum est, sanguinis massam reveré accensum esse.” Tractatus guin-
que, L. c. Mayow's observations on the changes produced by the breathing of animals, on the air, are not
less acute than those relating to the phenomena of combustion.
DISS. I, 6
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others; and this opinion seemed to be sanctioned by the discovery, that air thus tainted by
respiration and combustion, might, in some measure, be restored to purity by exposure
to the action of lime water, which absorbed the fixed air.

In 1772, Dr Rutherford, Professor of Botany in the University of Edinburgh, pub.
lished a thesis on fixed, or, as it was then called, mephitic air, from which the follow.
ing passage is extracted. * ¢ By the respiration of animals, healthy air is not merely
rendered mephitic, but also suffers another change. For, after the mephitic portion
is absorbed by a caustic alcaline lixivium, the remawning portion is not rendered salu. -
brious, and although it occasions no precipitate in lime water, it nevertheless extin-
guishes flame, and destroys life.”

Thus we have traced the discovery of two gaseous fluids differing from common air:
fixed air, discovered by Black, and azofe, as it has since been called, by Rutherford.
The former, a component part of chalk, and of the mild alcalis, the prodact of the
combustion of charcoal, and of the respiration of animals ; the latter an ingredient of
atmospheric air.

It would be a wearisome and unprofitable occupation to record, even in brief terms,
the transactions of a set of cavilling philosophists who started up in this country, and
elsewhere, about the present period of our history ; their names have sunk into obli.
vion, and their works were only read while recommended by novelty. Some of them
I have reluctantly perused, and have found that they are rather calculated to weary
the attention than to satisfy curiosity, or impart information.

I therefore hasten to one of the most remarkable and splendid epochs of chemical
science, adorned by discoveries which have been rarely equalled, either in number or
importance, and ushered in by a series of sterling facts and memorable investigations.
The well known names of Priestley, Scheele, Cavendish, and Lavoisier, now appear
upon the stage, and it will be an arduous but gratifying task to follow them through
their respective parts. In this recital, a strict adherence to the dates of discoveries
would neither be convenient nor useful, and I shall rather therefore deviate a little
on this point, than cloud the perspicuity of my narrative, or cramp it by chronological

strictness.

1 « Sed aer salubris et purus, non modo respiratione animali ex parte fit mephiticus sed et aliam indelis
suz mutationem inde patitur. Postquem enim omnis aer mephiticus ex eo, ope lixivii caustici secretus et
abductus fuerit, qui tamen restat nullo modo salubrier inde eyadit, nam quamvis nullam ex aqua ealcis pree-
cipitationem faciet, haud minus quam antea, flammam et vitam extinguit.”
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Dr Priestley’s character was of so composite an order as to defy brief description
or superficial delineation ; he was a politician, a divine, a metaphysician, and a phi-
losopher ; and in each of these callings he displayed abilities of a peculiar and occa-
sionally exalted description. His copioas and important contributions to chemical
science are the more surprising, when il is remembered that his philosophical pursuits
were merely resorted to as a relaxation in his theological studies ; that his mind was
under the constant agitation of controversy and dispute ; that he was too impatient for
deep research, and too hasty for premeditated plans. But, with all these bars against
him, he was a thriving wooer of science: he made more of his time than any
person of whom I ever read or heard ; and possessed the bappy and rare talent of
passing: from study to amusement, and from amusement to study, without occasioning
any retrograde movement in the train and connection of his thoughts.

There is another important feature in Dr Priestley’s character, which may tend te
throw some light upon his controversy with the French school: He possessed the
strictest literary and scientific honesty ; he makes frequent mention of his predecessors
and contemporaries, and enumerates the ideas which he borrowed from them, and the
experiments they suggested, with more than necessary accuracy and minuteness. His
attachment to Chemistry seems to have been formed at Leeds, ' about the year 1768,
and between that period and the year 1772 be had added several new and highly im-
portant facts to the science, which are detailed in a long communication presented to
the Royal Saciety in the spring of that year. It is here that he relates those research-

1 Dr Priestley was born at Fieldhead, near Leeds, in March 1733. In 1758, he went to Nantwich in
Cheshire, where he established a school, and was, for the first time, enabled to purchase some philosophical
instruments, in the use of which he instructed his scholars. In 1761, he removed to Warrington, whence
he made regular annual visits to the metropolis, and became acquainted with Mr Canton, Dr Franklin, and
Dr Watson, who assisted him in collecting materials for his History of Electricity. In 1767, Dr Priestley
went to Leeds, where his attention was especially directed to the docirine of air, in consequence of residing
near a public brewery, where he amused himself by experiments on the fixed air produced by fermentation,
“ When I removed from that houge,” says he (Memoirs of his own Life, p. 61), ¢ I was under the Dnecessity
of making the fixed air for myself; and one experiment leading to another, as I have distinctly and faith-
fully noted in my various publications on the subject, I by degrees contrived a convenient apparatus for the
purpose, but of the cheapest kind.” Dr Priestley’s first publication on this subject was in 1772, and related
to the impregnation of water with fixed air, and the same year, in the month of March, his Observations
on different kinds of Air, were read before the Royal Society, to which body he continued to communicate
his other valuable researches. In 1794 he embarked for America, and took up his residence in Pennsylva-
nia, where he died on the 6th of February 1804.

Wehave here omitted all allusions to his religious opinions and controversies, referring our readers to his
Memoirs, and to his life in the General Biographical Dictionary.
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es respecting the influence of vegetation upon the atmosphere, which led to entirely
new views of the physiology of plants, and which displayed, in a striking light, some
of those masterly and beneficent adjustments of nature, by which the different mem.
bers of the creation are made to minister to each other’s wants, and thus preserve that
eternal harmony which marks the natural world.

As combustion and respiration were connected with the deterioration of air, it oc-
curred to Dr Priestley to ascertain how far the growth of vegetables might be pro-
ductive of similar effects.

“ One might have imagined,” says he, ¢ that since common air is necessary
to vegetable as well as to animal life, both plants and animals would affect it in the
same manner ; and I own I had that expectation when I first put a sprig of mint into
a glass jar, standing inverted in a vessel of water ; but when it had continued growing
there for some months, 1 found that the air would neither extinguish a candle, nor was
it at all inconvenient to a mouse which I put into it.”’

In experiments of this kind, Dr Priestley points out the necessity of often with-
drawing the dead and dying leaves, lest, by their putrefaction, they should injure the
air ; he ulso hints at the noxious powers of some plants, especially the cabbage, of
which he kept a leaf in a glass of air for one night only, and in the morning a candle
would not burn in it. *

Dr Priestley also extended his experiments to the influence of plants upon air viti=
ated by animal respiration and by combustion, and found that they in general did not
only not contaminate the air, but that they actually restored to purity that which had
been rendered impure by flame and breathing ; and by showing that this change was

! At the beginning of the last summer, I confined, in equal portions of atmospheric air, as nearly as pos-
sible, equal surfaces of the leaves of spearmint, cabbage, mustard, bean, pea, and the vine. The plants
were all thriving, and, during a great part of the day, were exposed to the sun. The bulk of the air, which
was confined over water, was not altered either by the mint or vine leaves ; the pea and bean leaves caused
a slight diminution, but the air, in contact with the cabbage and mustard plant, was lessened by about one-
fifteenth and one sixteenth its original bulk, and it extinguished a taper, which the others did not. The du-
ration of each experiment was 48 hours. The average of the thermometer, during the period, was 52¢, and of"
the barometer, 29,5 inches. This is not the place to enter into any explanation of thesc facts, or te enlarge-
the account of them ; they prove, however, a correboration of Priestley’s assertion, that different vegetables
act very differently on the air, and may be useful in adjusting some discordant results of later experimental- .
ists. Some plants are much more gross feeders than others, and the nature of the soil in which they grow
may often be, in some degree, judged of by their flavour. Those vegetables which are of very quick and
luxuriant growth, and readily susceptible of the influence of manures, affect the atmosphere more than
those whose growth is comparatively slow, and whose foliage is sparing.
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effected by groundsel as perfectly as by mint, proved it independent of the aromatic
oil to which some in their ignorance had been willing to refer it.

That actual vegetation was necessary, and the mere vegetable insufficient, he pro-
ved by exposing the pulled leaves of a mint plant to air, which were unproductive of
the regeneration effected by the growing sprig.

Dr Priestley concluded from these experiments, that the noxious air resulting from
combustion, and from the breathing of the different animal tribes, formed part of the
nourishment of plants ; and that the purity of our atmosphere,’and its fitness for respira-
tion, were materially dependent upon the functions of growing vegetables.

Mayow in 1674, and Hales in 1724, had observed the production of gaseous matter
during the action of nitric acid upon the metals. I have before alluded to the very
rude manner in which Mayow collected it. Hales ascertained its singular property
of producing red fumes when mixed with common air. Dr Priestley resumed these in-
quiries, and pursued them with clever activity : he found, that, on mixing one hundred
parts, by measure, of common air, with one hundred of the air procured by the action
of nitrous acid on copper, which he called nitrous gas, red fumes were produced, and
there was a diminution of bulk equal to ninety-two parts in the two hundred ; so that
one hundred and eight parts only remained.

When fixed air was thus mixed with nitrous air, there was no diminution ; when
air, contaminated by combustion or respiration, was used, the diminution was less than
with purer air ; and with air taken from different situations, Dr Priestley thought he
obtained rather variable results. Hence the beautiful application of ni\trous air to the
discovery of the fitness of other species of air, for combustion and respiration.

It was for these discoveries that the Council of the Royal Society. honoured Dr-
Priestley by the presentation of Sir Godfrey Copley’s medal, on the 30th of November
1733.°1 S

@ « Sir Godfrey Copley originally bequeathed five guineas to be given at each anniversary meeting of
the Royal Society, by the determination of the president and council, to the person who had been the
author of the best paper of experimental observation for the year past. In process of time, this pecuniary
reward, which could never be an important consideration to a man of enlarged and philosophical mind,
however narrow his circumstances might be, was changed into the more liberal form of a gold medal, in
which form it is become a truly honourable mark of distinction, and a just and laudable object of ambition.
It was, no doubt, always usual with the Presidents, on the delivery of the medal, to pay some compliment to
the gentleman on whom it was bestowed, but the custom of making a set speech on the occasion, and of
entering into the history of that part of philosophy to which the experiment related, was first introduced by,
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Sir John Pringle, who was then President, delivered, on this occasion, an elaborate
and elegant discourse upon the different kinds of air, in which, after expatiating upon
the discoveries of his predecessors, he points out the especial merits of Priestley’s
investigations : In allusion to the purification of a tainted atmosphere by the growth
of plants, the President has thus expressed himself :

« From these discoveries we are assured, that no vegetable grows in vain ; but that,
from the oak of the forest to the grass of the field, every individual plant is serviceable

"to mankind ; if not always distinguished by some private virtue, yet making a part of
the whole which cleanses and purifies our atmosphere. In this the fragrant rose and
deadly nightshade co-operate ; nor is the berbage nor the woods that flourish in the
most remote and unpeopled regions .unprofitable to us, nor we to them, considering
how constantly the winds convey to them our vitiated air, for our relief and for their
nourishment, And if ever these salutary gales rise to storms and harricanes, let us
still trace and revere the ways of a beneficent Being, who not fortuitously, but with
design, not in wrath, but in mercy, thus shakes the water and the air together, to
‘bury in the deep those putrid and pestilential efiluvia which the vegetables on the face
of the earth had been insifficient to consume,” *

Mr Martin Folkes. The discourses, however, which he and his successors delivered, were very short, and
were only inserted in the minute books of the Society ; none of them had ever been printed before Sir John
Pringle was raised to the chair of the Society.” Chalmers’s Biographical Dictionary.—Lift of Pringle.

Dr Franklin, in a letter upon the subject of this discovery to Dr Priestley, has expressed himself as fol
lows :

¢ That the vegetable creation should restore the air which is spoiled by the animal part of it, looks like
a rational system, and seems to be of a piece with the rest. Thus, fire purifies water all the world over. It
purifies it by distillation when it raises it in vapours, and lets it fall in rain; and farther still by filtration,
when, keeping it fluid, it suffers that rain to percolate the earth. We knew before that putrid animal sub-
stances were converted into-sweet vegetables when mixed with the earth and applied as manure ; and now,
it seems that the same putrid substances, mixed with the air, have a similar effect. The strong thriving
state of your mint, in putrid air, seems to show that the air is mended by taking something from it, and not
by adding to it. I hope this will give seme check to the rage of destroying trees that grow near houses,
which has accompanied our late improvements in gardening, from an opinion of their being unwholesome.
I am certain, from long observation, that there is nothing unhealthy in the air of woods; for we Americans

. have everywhere our country habitations in the midst of woods, and no people on earth enjoy better health,
or are more prolific.” Phil. Trans. 1772, page 199.

Notwithstanding these researches, which have exposed some very curious facts relative to the chemical
physziology of plants, it must be confessed that the causes of the renovation and equality of our atmosphere
are yet by no means ascertained ; for, although some growing vegetables do, under certain circumstances,
purify the air (by the absorption of carbon and the evolution of oxygen), yet, when in a state of decay,
they invariably add to its contamination, and a general view of the subject would induce us to conclude,

' 12
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Such were Dr Priestley’s researches, and such the views to which he had been led
previous to the year 1773, when he undertook the examination of the air which rises
from red lead, and from red precipitate of quicksilver, when those substances are ex-
posed to heat. This, indeed, was one of the topics upon which Hales had touched
before him, but it was passed over with that hasty and superficial carelessness of
- which his experimental proceedings furnish so many instances, and in which he so
often lost the substance by grasping at the shadow. ,

Dr Priestley cast his keenest eye upon the prospect now before him, and as the va-
rious objects came into view, he followed them up with more than his or&inary dili-
gence and usual sagacity. The track he had entered upon was, indeed, of such abun-
dant promise, as would have insnared the attention and excited the curiosity of one
less awake than our author to its interest and novelty. But he, already well initiated
in the management of aériform fluids, proceeded with a rapidity which left his asso-
ciates far behind, and carried him, in proud and undisputed precedencé, to the goal of -
discovery.

The 1st of August 1774 is a red-leiter day in the annals of Chemical Philosophy,
for it was then that Dr Priestley discovered dephlogisticated air. Some, sporting in
the sunshine of rhetoric, have called this the birth-day of Paneumatic Chemistry ; but it
was even a more marked and memorable period ; it was then (to pursue the meta-
phor) that this branch of the science, having eked out a sickly and infirm infancy in
the ill.managed nursery of the early Chemists, began to display symptoms of an im-
proving constitution, and to exhibit the most hopeful and unexpected marks of future
importance.

Dr Priestley’s original opinion, that all kinds of factitious air were noxious, seems
first to have been shaken by ohserving that a candle would burn ia air procured by
distilling nitre in a gun barrel ; but the first experiment, which led to a very satisfac-

that they do as much harm as good, at least, if recent experiments connected with this subject are to be con-
sidered as correct.

These are the prominent features of Dr Ptiestley’s first communication to the Royal Society respecting
the different kinds of air, and had he bestowed no other contribution upon chemistry, the facts here detailed
would have entitled him to a conspicuous place among the benefactors of the science. The paper is divided
into several sections, in which he discusses the nature and properties of fixed air ; ‘of the air contaminated
by the combustion of candles and of brimstone; of inflammable air ; of air infected with animal respiration
or putrefaction ; of air exposed to the action of mixtures of iron filings and sulphur ; of nitrous air; of air
in which metals have been calcined, and which has been exposed to the action of white-lead paint; and of
air procured by spirit of sslt.
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tory result, was conducted as follows. A glass jar was filled with quicksilvef; and
inverted in a basin of the same ; some red precipitate of quicksilver was then intro-
duced, and floated upon the quicksilver in the jar; ‘heat was applied to it in this si-
tuation by a burning lens, and « I presently found that air was expelled from it very
readily. Having got about three or four times as much as the bulk of my materials,
I admitted water into it, and found that it was not imbibed by it. But what surprised
me more than I can well express, was, that a candle burned in this air with a remark-
ably vigorous flame, very much like that enlarged flame with which a candle burns in
nitrous air exposed to iron or liver of sulphur ; but, as [ had got nothing like this re-
-markable appearance from any kind of air besides this peculiar modification of nitrous
air, and I knew no nitrous acid was used in the preparation of mercurius calcinatus, I
was utterly at a loss how to account for it.” 1 '

He afterwards obtained the same kind of air by exposing red lead and several
‘other substances to heat, and made a number of well-devised éxperiments upon its
properties.

Those who, for the first time, witness the effect of this air upon burning bodies,
will best picture to themselves the emotion and surprise of its discoverer, when he
plunged a burning taper into it. The splendour of the flame was magnificently in-
creased, the consumption of the wax was extremely rapid, and the heat evolved much
more considerable than in common air. He found, in short, that, in all cases of com-
bustion, the process was infinitely more rapid and perfect in this kind of air, than
in the ordinary atmospl{ere ; ¥ and he was thence induced to apply the term dephio-
gisticated to the gas he had thus obtained. He regarded it asair deprived of phlo-
giston, and thus accounted for its eager attraction for that principle which, during
combustion, bodies were imagined to throw off. On the contrary, he accounted for

! Ezperiments and Observations on Different Kinds of Air, &c. Vol. IL. p. 107. Birmingham, 1790.

_ 2 The following paragraph, with which Dr Priestley prefaces his account of the discovery of dephlogisti-
‘cated air, presents a picture of his mind in regard to the origin of his own researches.

« The contents of this section will furnish a very striking illustration of the truth of a remark which I
have more than once made in my philosophical writings, and which can hardly be too often repeated, as it
tends greatly to encourage philosophical investigations ; viz. that more is owing to what we call chance, that
is, philosophically speaking, to the observation of events arising from unknown causes, than to any proper de-
sign or preconceived theory in this business. This does not appear in the-works of those who write synthe-
tically upon these subjects, but would, 1 doubt not, appear very strikingly in those who are the most cele-
brated for their philosophical acumen, did they write analytically and ingenuously.” (Ezp. and Obs. Vol. IL

p- 103.)
6
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the extinction of . flame by the air discovered by Rutherford, and since termed azote!
or nitrogen, * upon the idea that that aeriform fluid was charged or saturated with
phlogiston, and he therefore called it phlogisticated air.’

In enumerating the higher merits of Dr Priestley as a discoverer, we must not forget
the minor advantages which his ingenuity bestowed upon experimental Chemistry. He
supplied the Laboratory with many new and useful articles of apparatus, and the improy-
ed methods of managing, collecting, and examining gaseous fluids, were chiefly the re-
sults of his experience. He was the first who, with any chance of accuracy, endeavour-
ed to ascertain the relative or specific gravities of the different kinds of air then known ;
he observed that dephlogisticated air was rather heavier, and phlogisticated air some-
what lighter, than that of the atmosphere ; nitrous air he conceived to be nearly of the -
same specific gravity. His expérimems were made by the help of a delicate balance
and exhausted flask. ‘

The influence upon the respiration of animals of a species of air marked by the
eminent perfection with which it supports combustion, did not escape Dr Priestley’s
notice. On applying to it his test of nitrous air, he found the absorption produced on
mixture greater than with atmospheric air ; whence he conjectured its superior fitness
for the support of life ; he introduced mice into it, and found that they lived longer
than in an equal bulk of atmospheric air ; he then had the curiosity to taste the gas
himself, and after two or three respirations, he felt, or fancied he felt, a peculiar sen-
sation of lightness and ease of the chest. ¢ Who can tell,” says he, ¢ but that in
time this pure air may become a fashionable article in luxury.—Hitherto only two -
mice and myself have had the privilege of breathing it.” To this he faolishly adds,
that « the air which nature has provided for us is as good as we deserve.” ‘

We have not yet exhausted Dr Priestley’s discoveries, but have seen enough to
establish his claims to the title of a great benefactor to chemical science. If we com-
pare him with his predecessor Black, he falls short in depth of judgment, but in
quickness of conception, and industry of pursuit, he excels even such a standard of
comparison. The one climbed the hill of discovery with slow and cautious steps, and

1 From « and Jum, * destructive of life.”

2 §.e. Producer of nitric acid.

3 The application of dephlogisticated air to obtain intense degrees of heat, and its probable uses in medi-
cine, were subjects which did not altogether escape Dr Priestley’s attention, and he has alluded to them in
the section of the work already quoted, relating to its * Properties and Uses.”

DISS, 11I. H
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calmly enjoyed the surrounding views ; the other made a more rapid ascent, but was
giddy when he reached the summit; hence those distortions and misconceptions,
those erroneous notions and hasty conclusions which he who turns over the philoso-
phical writings of Dr Priestley cannot fail to discern.

Upon the other productions of his pén, metaphysical, political, and moral, it is
neither my province nor inclination to dwell; they abound in the defects, but are de-
" ficient in the merits, of his tracts upon chemical subjects. '

From the commencement to the termination of his busy career, Dr Priestley was a
staunch supporter of the unintelligible system of phlogiston; he adopted it in all its
original incoherence and absurdity ; and the last of his scientific publications was a
tract in its defence, in which are adduced a variety of objections to the revived hy-
potheses of Rey and Mayow, and Hooke, which having long lain dofmant, were at
this time erupted into the chemical world under the specious title of the French
theory. !

It will not be denied that the leading facts just detailed threw considerable light
upon the nature and properties of atmospheric air ; but those who have entitled Dr
Priestley the discoverer of its composition, have somewhat overstepped the bounds of
correctness.

He seems, indeed, to have possessed no just notious of the difference between phlo-
gisticated and dephlogisticated air ; and, instead of regarding them as distinct chemi-

1 The tract alluded to in the text was published by Dr Priestley after his retirement to Amerioa in 1800.
1t is entitled, The Doctrine of Phlogiston established, and that of the Composition of Water refuted. It contains
a variety of miscellaneous observations on the phlogistic and antiphlogistic theories, but it would be useless to
follow the author into his unsubstantial speculations on these subjects. He has, however, thrown out some
important considerations relating to his claims of originality as the discoverer of dephlogisticated air. The fol-
lowing paragraph appears of sufficient importance to be transcribed. ¢ Now that 1 am on the subject of the
right to discoveries, I will, as the Spaniards say, leave no ink of this kind in my inkhorn; hoping it will be
the last time that I shall have any occasion to trouble the public about it.” M. Lavoisier says (Elements of
Chemistry, English translation, p. 86), « this species of air (meaning dephlogisticated) was discevered almost
at the same time by Mr Priestley, Mr Scheele, and myself.” The case was this :—Having made the disco-
very some time before I was in Paris in 1774, I mentioned it at the table of M. Lavoisier, when most of the
philosophical people in the city were present ; saying, that it was a kind of air in which a candle burned
much better than in common air, but I had not then given it any name. At this all the company, and M.
and Madame Lavoisier as much as any, expressed great surprise; I told them I had gotten it from precipi-
tate per se, and aleo from red lead. Speaking French very imperfectly, and being little acquainted with the
terms of chemistry, I said plomb rouge, which was not understood, till M. Macquer said, I must mean
minium. Mr Scheele’s dfscovery was certainly independent of mine, though I believe not made quite so
early.” P. 88.

»
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cal principles, adopted the notion of one elementary substance, charged, in the one
instance, with the imaginary essence of inﬁammability, and free from it in the other.
In these inquiries, he frequently verges npon more correct and refined views, but has
no sooner entered the right path, than phlogiston, like an ignis fatuus, dances before
his eyes, and leads him into the marshy mazes of error. \

In the preceding investigations, Dr Priestley followed those methods of collecting
aeriform fluids over water, which Hales and others had employed before him: he
now ascertained that there were some gases absorbed by or soluble in water. Mr
Cavendish, one of the most eminent Philosophers of that day, had announced this cir-
cumstance, and was puzzled by it; but Dr Priestley, with his usual and dexterous in-
genuity, overcame the difficulty, by employing quicksilver instead of water, over
which ftuid metal he preserved and examined several kinds of air, which are instantly
deprived of their elastic state by the contact of water.

The first permanently elastic fluid of this description'which he examined, was the
muriatic acid; he obtained it by heating copper in the fluid acid, or common spirit
of salt, and called it marine acid air.

He immediately ascertained its absorption by water, and its powerful acidity; he
found it incapable of supporting flame, and extremely destructive of animal life. He
examined the action of a variety of substances upon this gas, and ascertained the re-
markable rapidity with which it is absorbed by charcoal, and several vegetable and
animal substances. Some unsuccessful attempts were made to ascertain the specific
gravity of this gas, from which Dr Priestley correctly concluded, however; that it was
a little heavier than air. _ :

The success attending these experiments, and the readiness with which he procured
and retained the gaseous muriatic acid, led him to extend his trials to other acids,
when he found, that, by acting upon vitriolic acid by inflammable substances, he
could procure from it a permanently elastic fluid, to which he gave the name of vi-
triolic acid air; he found that, like the marine acid air, it was rapidly absorbed by
water, and must be collected and preserved over quicksilver; that it was nearly
twice as heavy as atmospheric air; that it extinguished flame, and was instantly
fatal to animal life ; that it reddened vegetable blues, and destroyed most colours
This air is, in fact, produced by burning sulphur in the atmosphere, and straw, wool,
and other materials, are frequently bleached by exposing them to its fumes. *

} Having elsewhere praised Dr Priestley’s candour, I insert the following extract from his history of the
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Having thus obtained permanent aeriform fluids, having acid qualities, it occurred to
Dr Priestley, that the volatile alcali, the substance which gives pungency to salvolatile,
spirit of hartshorn, and similar compounds, might be also procured in a pure and iso-
lated gaseous form; and, after several unsuccessful trials, he succeeded, by heating
- mixture of quicklime and sal ammoniac, when a great quantity of air escaped, per-
manent over quicksilver, but, like the acid gases, rapidly absorbed by water.

The odour of this gas was pungent in the extreme, and it possessed the property of
-salvolatile, smelling salts, and similar substances, of turning vegetable blues to green.
After several experiments, in which the absorbing powers of different substances in re-
gard to this air, were tried, Dr Priestley became impatient to discover the effect of
mixing it with the acid airs just described,—he imagined that he should form a

" neutral air.  On putting this notion, however, to the proof of experiment, he was
surprised to observe that when marine acid air, and the volatile alcaline air, were mix-
ed in due proportions, they were wholly condensed into a solid. And with sulphure-
ous air a very similar result was afforded.

Dr Priestley concluded that alcaline air was considerably lighter than acid air, be-
cause, on mixing them over mercury, he observed the former to float above the latter ;

discovery of Vitriolic Acid Air, to show the exactness with which he acknowledges the hints and assistance
of others : )

¢« My first scheme was to endeavour to get the vitriolic acid in the form of air, thinking that it would
probably be easy to confine it by quicksilver, for, as to the nitrous acid, its affinity with quicksilver is so
great that I despaired of being able to confine it to any purpose. I, therefore, wrote to my friend Mr Lane
to procure me a quantity of volatile vitriolic acid,” &c. ¢ Seeing Mr Lane the winter following, he told me,
that if I would only heat any oily or greasy matter with oil of vitriol, I should certainly make it the very
thing I wanted, viz. the volatile or sulphureous vitriolic acid ; and, accordingly, I meant to have proceeded
upon this hint, but was prevented from pursuing it by a variety of engagements.

¢ Some time after this I was in company with Lord Shelburne, at the seat of Mons. Trudaine, at Mon-
tigny, in France; where, with that generous and liberal spirit by which that nobleman is distinguished, he
has a complete apparatus of philosophical instruments, with every other convenience and assistance for
pursuing such philosophical inquiries as any of his numerous guests shall chuse to entertain themselves with,
In this agreeable retreat I met with that eminent philosopher and chemist, Mons. Montigni, Member of the
Royal Academy of Sciences; and conversing with him upon this subject, he proposed our trying to con-
vert oil of vitriol into vapour, by boiling it on a pan of charcoal in a cracked phial. This scheme not an-
swering our purpose, he next proposed heating it together with oil of turpentine. Accordingly, we went to
work upon it, and soon produced some kind of air confined with quicksilver ; but our recipient being over-
turned by the suddenness of the production of the air, we were not able to catch any more than the first
produce, which was little else than the common air which had lodged on the surface of the liquor, and which
appeared to be a little phlogisticated by its not being much affected by a mixture of nitrous air.”
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on putting a lighted candle into alcaline air the flame was enlarged, and a portion
of the air appeared to burn with flame.

We have now considered the principal discoveries of Dr Priestley, upon which his
title to originality rests, and it must be allowed that they are not less important than
numerous. If we even consider them merely as insulated facts, they are of a very su-
perior character, and tended greatly to enlarge our knowledge of the chemical ele-
ments of matlér; but the new views of many natural and artificial phenomena, which
they exposed, and which before were buried in deep obscurity, confer upon them a
more exalted aspect, and have obtained for them the deserved meed of universal admi-
ration. In perusing Dr Priestley’s tracts, we find the thread of the narrative occa-
sionally knotted with conceit, and weakened by garrulity ; but these blemishes are
compensated by prevailing candeur and perspicuity of style: he had greatly extend-
ed the boundaries of science, and was awake to the importance of his conquests ; but
resisted that febrile thirst of innovation and reform,b which was endemic among con-
temporary Chemists. '

« At present,” says he, in the Preface to his third volume of Ezperiments and Ob-
servations, relating to various branches of Natural Philosophy, ¢ At present all our -
systems are in a remarkable manner unhinged by the discovery of a multiplicity of
Jacts, to which it appears difficult or impossible to adjust them : We need not, how-
ever, give ourselves much concern on this account. For when a sufficient number of
new facts shall be discovered, towards which even imperfect hypotheses will contri-
bute, a more general theory will soon present itself, and perhaps to the most incurious
and least sagacious eye. Thus, when able navigators have, with great labour and
judgment, steered towards an undiscovered country, a common sailor, placed at the
mast head, may happen to get the first sight of land. Let us not, however, contend
about merit, but let us all be intent on forwarding the commorn enterprise, and equal- °
ly enjoy any progress we may make towards succeeding in it, and, above all, let us
acknowledge the guidance of that great Being, who has put a spirit in man, and whose
inspiration giveth him understanding.” With this quotation, sufficiently characteristic
of his general style, I shall take leave of Dr Priestley, and introduce another hero of
chemical history, his contemporary and great rival, Scheele.
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SECTION V.

DISCOVERIES OF SCHEELE AND CAVENDISH.

AMoNG those whose - names became eminent in the history of chemical science dur-
ing the first half of the eighteenth century, Margraaf and Bergman are entitled to parti-
cular mention. The former was a pupil of the once celebrated Neumann, ! a man whose
works are now not much thought of, but who did considerable service to the Chemistry of
his day, and was evidently possessed of great diligence and some capacity. In 1753,
Margraaf ¢ pursu.ed'chemistry under-Juncker at Halle, and, having returned to Ber-
lin in 1738, we find several of his contributions in the Transactions of the Scienti-
Jic Society of that capital. . Subsequent to that period, his works were collected and
published at Paris in 1762. They contain a great body of information, at that time
novel and important, but they are chiefly entitled to notice as furnishing specimens of
the art of analysis, which was afterwards carried to greater perfection by Bergman, *
who, indeed, may be considered as the first who pointed out the true objects of that
branch of the science, and who aimed at conferring upon it the statical accuracy
which has since rendered it so important and useful.

But Bergman was something more than a diligent experimentalist and acute rea-
soner ; he was also an active patron of science, and had the merit of rescuing Scheele

1 Casper Neumaun was born at Zullichau in Prussia, in 1682, and in 1705 we find him enjoying the pa-
tronage of the King of Prussia, by whom he was sent to complete his studies at the University of Halle.
In 1711 he became a pupil of Boerhaave, and shortly after visited England, whence he accompanied George I.
to Hanover in 1716, In 1723 he became Professor of Practical Chemistry in the Royal College of Ber-
lin, where he died in 1787. His works consist chiefly in dissertations on various subjects of chemical in-
quiry, published in the Transactions of the Royal Society, and in the Miscellanea Berolinensia. His Lec-
tures were not.printed till after his death ®ind proved a-valuable magazine of chemical knowledge. ¢ The
author,” says Dr Lewis, who edited his works, * biassed by no theory, and attached to no opinions, has in-
quired by experiment into the proportions and uses of the most considerable natural and artificial produc-
tions, and the preparations of the principal commodities which depend on chemistry, and seems to have cane
didly and without reserve communicated all he discovered.”

2 Born at Berlin in 1709, where he died in 1782.

8 Torbern Bergman was born in Sweden in 1785, and died in 1784. His principal chemical papers are
contained in the Opuscula, published at Upsal in 1779. They contain much to admire, not merely as being
rich in facts and discoveries, but also on account of the general views which he takes of the mode of pro-
secuting philosophical inquiry, and which is so ably set forth in the preliminary essay, De Indagando Vero,
The Opuscula was translated into English by Dr Edmund Cullen in 1788.

4
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from his obscure situation, and of discerning that talent and genius in the bud which
afterwards was so vigorously fruitful.

If we compare Scheele with our owa countrymen, we discern him possessed of the

" accuracy and cool judgment of Black, conjoined with the inquisitive and busy activi-
ty of Priestley, and his success in the pm;suit of science was such as might be expect-
ed to flow from this happy and rare union of opposite talents. In the number of his
discoveries, their weight, and novelty, he has indeed very few equals; nor has
their splendour been tarnished by time, or dimmed by the brilliant light of modern
investigation.

Scheele is among the fortunate few, who, starting from an obscure original, have
attained the zenith of scientific eminence. He was born in 1742 at Stralsund, where
his father was a tradesman. His youthful days were passed in the house of an Apo-
thecary at Gottenburgh, where, by singular perseverance, and that kind of industry
which is prompted by strong natural inclination, he acq&ired a valuable stock of che-
mical information. In 1773, having removed to Upsal, accident brought him acquaint-
ed with Bergman, who became his friend and patron, and to whose honour be it told,
that, when Scheele’s reputation afterwards rose to such a height as threatened to eclipse
his own, instead of listening to the voice of jealousy, which, on such occasions, is too
common a frailty, he became more zealous in behalf of his rival, and more indefatiga-
ble in the service of his friend. Scheele afterwards removed to Koping, in the neigh-
bourhood of Stockholm, where he died in 1786. '

No adventitious aid, however, can be said tohave contributed to Scheele’s greatness.
On the contrary, obstacles were opposed to his progress which would have damped
the ardour, and checked the flight, of less aspiring and persevering minds ; and much
of his useful life was spent, “ not in the soft dbscurities of retirement, or under the

~ shelter of academic bowers, but amid inconvenience and distraction, in sickness and

in-sorrow.’” )

Scheele’s first publication, which appeared in the Stockholin Memoirs * forthe year
1771, relates to the analysis of fluor spar. The peculiarities of this substance were
first noticed in 1768 by Margraaf, but the discovery of the principle upon which they
depend was reserved for the superior sagacity of Scheele, who demonstrated in it
the existence of lime, and an acid till then unknown, which he called fluoric acid.

! Scheele’s Essays have been collected and translated into English by Dr Thomas Beddoes. London,
1786.
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Scheele had applied acid of vitriol with great success to the analysis of a variety of
substances, and on exposing powdered.fluor spar to its action in a glass retort, he
-obtained the new body in question. The fluoric is oune of the few acids which ra-
pidly corrode glass; it dissolves silicious earth, a component part of glass, and forms
with it an aériform compound, permanent until it touches water, when part of the
silicious earth is deposited. Scheele, not aware of this fact, at first conceived that
silicious earth was a compound of fluoric acid and water, for, on evolving the gas in a
glass retort, and allowing it to pass into water, every bubble was coated with a film of
flint ; but he afterwards learned, that it was derived from the retort, which is soon eaten
into holes. It is this property of fluoric acid which has led to its employment for
the purpose of etching upon glass.

Scheele was next occupied in a series of researches on manganese, a mineral sub.
stance abundant in many parts of the world, but of which the nature was unknown
until the appearance of his Dissertation upon it in 1774. This tract is full of import-
ant facts, and .glitterg with brilliant discoveries, We are here first informed that
manganese is a metallic calx ; that in its crude state it often contains a peculiar earth,
to which the name darytes has since been applied; that the volatile alkali contains
nitrogen as one of its essential component parts. But the most remarkable novelty
announced in this Essay, is the discovery of a peculiar gaseous fluid of a yellow
colour, which Scheele considered as the basis of the muriatic acid, conceiving the ad-
dition of phlogiston requisite to the restoration of its acid properties. This de-
phlogisticated marine acid, as its discoverer termed it, was examined by him
with some precision, and many of its leading characters ascertained, especi-
ally its power of destroying colour, which has since rendered it of so much
importance to the bleacher. It has since been termed ozymuriatic acid, and
more recently chlorine. Besides the valuable facts to which I have now alluded,
Scheele’s Essay on Manganese contains others of considerable interest and importa
ance. There can be little doubt that be discovered azote about the same time as
Dr Rutherford. He obtained it by exposing compounds of suiphur, and the alcalies
and earths, to confined portions of atmospheric air. He found a part was absorbed,
and that the remainder, though not fixed air, was still incapable of supporting com-
bustion. He went a step farther, and demonstrated the existence of azote in the volatile
alcali or ammonia, from which he obtained it by the action of certain compounds of
manganese.

For our knowledge of the method of obtaining tartaric and citric acids in their pure
]
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state from tartarand lemon juice, we are also indebted to Scheele, and for a variety of
curious and interesting documents relating to some of the metallic acids, and their
combinations. A compound of one of the acids of arsenic and copper was particular-
ly described by him, and recommended as a green pigment; he prepared it by
adding to a solution of blue vitriol, an alcaline solution of white arsenic.

His chemical tracts on the nature and properties of milk, his observations on ether, »
on the preservation of vinegar, on Prussian blue, and on the nature of the acid matter
in various fruits, are all entitled to the highest praise. A just notion of their excel-
lence may be formed by comparing them with the essays of the ablest Chemists of the
present day : in regard to experimental accuracy and just conclusion, they generally
stand this severe test; no small merit, when his humble means and deficient education
are thrown into the balance against him. '

Baut, of the various works of Scheele, that which is most decidedly characteristic of
an inventive and original genius, is his Chemical Observations and Experiments on
Air and Fire. ' Every page of this treatise has its merits, and they are distinct and pe-
culiar ; sometimes we are struck with the sagacity of his inductions, at others, with
the appropriateness of his experiments. The facts are detailed in intelligible, clear,
and distinct arrangement ; the theoretical speculations are adduced with that caution
and modesty which ensures attention, and often commands acquiescence, Nor is this
essay deficient in original discoveries of the highest class. He obtained oxygen from
manganese without any knowledge of Priestley’s prior claims; he calls it empyreal asr,
and has detailed its properties and several modes of procuring it, with becoming accu-
facy and minuteness. Upon the composition of the atmosphere, and of metallic cal-
ces, he dwells at considerable length, and relates several remarkable facts concern-
ing the chemical powers of the prismatic rays, and the radiation of terrestrial heat. *

From one who wrote in that twilight period, when chemical philosophy was emerg-
ing from error and absurdity, we are not to expect the logical accuracy required at the
present day. Scheele is sometimes hasty, and occasionally unintelligible ; but seldom
careless, and never ridiculous. Different men will form different estimates of Scheele’s
talents, and although I cannot agree with a contemporary biographer who designates

1 In this admirable Dissertation, Scheele points out the difference between the heat which radiates from
a heated surface, and that which is diffused by currents of hot air. He also shows, that terrestrial radiant
heat does not pass through glass, while that of the sun does ; that polished glass and metal reflect both heat
and light, but that both are absorbed by a surface covered with lamp black ; and that the direction of radi-
ant heat is not diverted by a current of air,

DIss. 11, - 1
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him ¢¢ as the brightest ornament of human nature, and the mest extraordinary man that
ever existed ;”’ it will, I.think, be- generally admitted, that he was an acute and in-
dustrious philosopher, and an upright honourable man.

Of the Chemical Philosophers that adorned the last age, the Honourable Henry
Cavendish ' stands foremost in the first rank. _ 4

While Priestley and Scheele were extending the boundaries of knowledge, and pur-
suing that brilliant career of which I have just presented an outline, Cavendish was
not less successfully employed in another train of investigation.

Van Helmont, Mayow, and Hales, had, by a series of crude and imperfect experi- -
mems, demonstrated the existence of inflammable aeriform fluids ; but the nature of
the peculiar principle to which they owe their inflammability had been but very imper.
fectly ascertained till Cavendish turned his mind to the subject, awl published upon
it in the Philosophical Transactions for 1776, The paper I allude to consists of three
tracts, relating to inflammable, fixed, and nitrous air. The first is chiefly entitled to at-
tention from it$ originality and importance ; in the others he had been anticipated by
Mayow and Black, or excelled by Priestley, Scheele, and others of his contempo.
raries.

By acting with dilute acids upon iron, zinc, and tin, Mr Cavendish obtamedan
inflammable elastic fluid. He found thst it was afforded in the largest quantity by
zinc, and that iron yielded more than tin; and he particularly mentions that the
state of dilation, and quantity of the acid, provided it was sufficient to effect the salu- .
tion of the metal, did not affect the quaatity or quality of the air. He discovered in
the gas thus obtained several characters, which at once distinguished it from
the other varieties of air then known. It was not absorbable by water, it extinguisha
ed flame, and was fatal to animal life; but, when a candle was presented to it, it in« .
flamed ; and, when pure, burned with a blue lambent light. It was found to be the
lightest known form of ponderable matter. Mr Cavendish considered it as about
-eleven times lighter than atmospheric air ; bat subsequent experiments have shown that,
when it is rendered perfectly dry, and collected in a state of purity, it is about thirteen
times lighter than atmospheric air. Compared with oxygen or dephlogisticated air,
its relative weight is as 1 to 15.°

1 Born in London on the J10th of October 1731. -
.? This circumstance has led to its application for filling air balloons, which formerly were made to ascend
by distension with rarefied air—a large quantity of fuel became thus necessary, which was greatly incon-
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He next proceeded to examine the results afforded by burning mixtares of inflam-
mable and common air ; and found that, in the proportion of one part of the former
to about three of the latter, the mixture exploded on the contact of flame, and that,
when the vessel in which this inflammation was performed was previously dry, it al-
ways became moist after the explosion.

This circumstance was noticed by Macquer in 1766, and shortly after by Priestley,
bat that water was the result of the combustion, seems first to have occurred to Mr
Watt, who suggested the idea to Dr Priestley in 1783.

In January 1784, Mr Cavendish presented a paper to the Royal Saciety, entitled
Ezperiments on Air, in which, after some preliminary remarks, he adverts to Mr
Warltires’ experiments, related by Dr Priestley, upon the formation of dew during
the combustion of inflammable with common air, which by that gentleman was
referred to the deposition of the air’s moisture during its phlogistication ; for by the
Chemists of that period, inflammable air seems to have been considered identical with
phiogiston. -

The method in which Mr Cavendish pursued this inquiry was not less new thaa sa.
tisfactory, and the body of evidence adduced, so conclusive as to convince the most
sceptical mind of the accuracy of his deductions.

To ascertain the nature of the prodacts of the combustion of inflammable air, he
had recourse to two plans: he burned it slowly and rapidly,—in the one instance, a
stream of the air issuing from a small tube, was inflamed in coalact with the atmo-
sphere, or oxygen; in the other, the two gases were mixed, and suddenly detonated ;
and he found that, proper precautions having been taken to exclude extraneous bo-
dies, the resuit was perfectly pure water; * it had no taste nor smell, and left no sen-
sible sediment when evaporated to dryness, neither did it yield any pungeat smell
during the evaporation ; in short, it seemed pure water.””' His grand discovery of
the composition of water necessarily led to a variety of ethers, scarcely inferior in im«

-

venient on account of its weight ; and the flame required for the rarefaction of the air inclosed in the bal-
loon, was dangerous in the extreme—by confining inflammable air in a silk bag, of sufficient dimensions, its
small specific gravity enables it to float in our atmosphere. The first ascent, with a balloon filled with hy-
drogen, was perfermed in France by M. Charles, on she 1st of December 1788—he rose to the enor-
mous height of 10,500 feet above the earth’s surface. There is a passage in Dewynt's Sermons, pub-
lished in 1658, from which it has been concluded, that balloons were known at that early period.

} Philos. Trans. 17684. p. 129. Inflammable air has since received the name dgydrogen, i. e. geverstar of
waber, : .

-
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portance, and it tended to the elucidation of a variety of intricate phenomena in nature
and art, in which that universal fluid is concerned. It was verified and established
by the analytic and synthetic researches of many modern Chemists, and it became a
great organ in subverling the phlogistic doctrine.
In the synthetic experiments proving the composition of water, originally devised
and executed by Cavendish, he frequently observed the production of acid matter; the
water formed was sour to the taste, and reddened vegetable blues ; and he ascertained
that these effects arose from the presence of a portion of nitrous acid. Whence this
was derived remained to be proved,—whether the elements which, in one proportion,
formed water, produced, in another proportion, the nitric acid, or whether it resulted
from other causes. In a paper read before the Royal Society, in June 1785, Mr Ca-
~ vendish sets this curious and interesting question at rest, and developes the source of
the acid which appeared in his former investigations. It arose from the presence of

* a portion of azote which, when made to unite with oxygen, produced nitric acid.
The atmosphere has already been shown to consist of azote and oxygen,—these gases
are there merely mechanically mixed ; when they are made to combine in the presence
of water, nitric acid results,

This curious fact was proved by several experiments. That which is most simple,
and most satisfactory, consisted in confining a small portion of atmospheric air in a
bent tube over quicksilver, and passing the electric spark for some hours through the
mixture. A diminution took place in its bulk, the mercury was corroded, and,
on introducing a solution of potash, it became saturated, and yielded nitre on evapora-
tion, a salt composed of potash and nitric acid. '

These are the principal discoveries with which Cavendish enriched the science of
Chemistry ; they relate to the properties of hydrogen or inflammable air, to the com-
position of water, and to the constitution of the nitric acid. They are detailed in
three communications to the Royal Society; the first stands in the Philosophical
Transactions for 1766 ; the other two in the volumes for 1784 and 1785.

Those who have heard Mr Cavendish designated the Newton of Chemistry, and
have only hastily perused his tracts, or witnessed imperfect illustrations of his re-
searchies, may perhaps regard him less worthy that honourable and high distinction
than his contemporaries Priestley and ‘Scheele ; but a more careful examination of his
writings, and a comparison of his reasoning and methods of research with those of'
even his most eminent fellow-labourers in science, will unanswerably support his
_claims, and display such peculiar and varied excellence, as must justify the highest
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encomiums and most elaborate eulogies which have been bestowed on his exalted
name. In his philosophical proceedings, the severest scrutineer is challenged to de-
tect a single false step, for every conclusion he has formed, every theory that he has
advanced, even every sentence he has written, will bear microscopic examination.
Aware that there was no royal road to philosophic truth, he relied solely upon the
light of experiment, in the path of induction, and from this he never deviates. If )
‘he excelled not his contemporaries in the number of his discoveries, he certainly
equalled them in their importance, and went far before them in statical accuracy
and mathematical precision : but as a Philosopher he scarcely admits of comparison ;
in him most of the defects of his contemporaries were absent, and their talents con-
centrated ; he was « himself alone.” In Cavendish science may boast of a follower
not less disinterested than successful : his affluence was princely, and his family
noble; it was therefore not the desire of distinction in society, nor the more imperious
call of necessity, but the thirst for knowledge, and love of truth, that summoned him
to her banners. ' .

Mr Cavendish did not lisp in the language of science ; it was, indeed, late before he
appeared as a candidate for philosophic fame. His first paper was published in the
Transactions of the Royal Society for 1766, when he was in his 36th year, a period of
life at which Black, Priestley, and Scheele, had already acquired no inconsiderable
celebrity. He was not confined to Chemistry only ; Electricity and subjects connected
with Meteorology and Astronomy often occupied his thoughts and employed his pen :
his last essay is on the division of astronomical instruments, published in the Phuloso-
phical Transactions for 1809. He was then in his 78th year, and in full possession of
bodily activity and mental energy. After a few days illness, he expired on the 4th

* of February 1810, in the 79th year of his age. '

In private life, he was unambitious, unassuming, bashful, and .reserved : he was
peevishly impatient of the inconveniences of eminence ; he detested flattery, and was
‘uneasy under merited praise ; he, therefore, shunned general society, and was only fa-
miliar in a very limited circle of friends. Here he bore his great faculties always meek-
‘ly : his conversation was lively, varied, and instructive ; upon all subjects of science
he was at once luminous and profound ; and in discussion, wonderfully acute.

We are now about to enter upon that period of our history at which the science
was reformed and modified by the French school. Of this chemical revolution I shall
endeavour to present a faithful though faint outline. I shall attempt to show the grounds

of innovation, to expose the weak parts of the plan, to exhibit its merits, and to co.n-
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pare it with former theories. In the meantime, it may not be improper to take a ra-
pid survey of the ground we have gone over, and to enumerate the aterials already
in the hands of the reformers.

In the early hypotheses respecting the phenomena of combustion, they were con-
ceived to depend upon the separation of a peculiar principle, called by Stahl and
his associates phlogiston; but the fallacy of these views was shown by Mayow,
who, with his predecessor Rey, demonstrated the necessity of atmospheric air in the
process. The attention of Chemists was drawn from these subjects early in the eigh~
teenth century, by the new train of investigation in which Dr Black had successfally
embarked, and the field of Pneumatic Chemistry, which was so eminently cuhtivated
by Priestley, Scheele, and Cavendish, absorbed unmiversal attention.

The ideas of the ancients concerning the Elements were now completely subverted.
The air we breathe was proved to consist of two distinct aeriform fluids—the one a power.
ful supporter of combustion and respiration, the other extinguishing flame and exter-
minating life. Water, so long considered as a primitive body, had been resolved into
simpler forms of matter; in short, novelties of the most attractive kind preseated them-
selves on every side. .

The discovery of hydrogen was seized upon by the advocates of phlogiston, as sap-
porting their hypothesis, and it was generally considered as identical with that sub.
stance, which had long been hypothetical, but was now exhibited ia a tangible form.
The reduction of the metallic calces, by hydrogen, was cousidered as a powerfal argu-
ment in favour of these notions, and wherever phlogiston had been suppesed to be ab-
sorbed or evolved, hydrogen seemed to play the part of that imaginary principle.

The views of Priestley and Scheele were combated by a host of petty controversialists,
whose names are yet extant, but whose writings are sunk into oblivion—theybrought into
‘the field an army of words, but not a single observation, founded upon fact or experi-
ment. Mr Cavendish was more strenuously and respectably opposed : amoag those who
stood up against his theoretical views, Mr Kirwan deserves especial mentiea, for he
laid other departments of Chemistry under considerable obligations; but his arguments
and learning were of little avail against the tried and sterling facts which he questioned ;
they are no creditable records to the author, but serve to show the feebleness of sub-

tilty when opposed to the strength of truth,
0]
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SECTION VI,

INVESTIGATIONS OF LAVOISIER.

- AmoNe the eminent scientific characters who adorned the last century, Lavoisier
has always been looked upon with high consideration. That his talents were shining,
and his career brilliant, cannot be denied ; but that he has those high claims to ori-
ginality which we have been obliged to allaw his exalted rivals, has been doubted by
the generality of historians, and denied by those who have had access to the most
correct information. I shall briefly notice his most important investigations, and after-
ward endeavour to sketch his character as a Philosopher.

The phenomena of combustion were with Lavoisier, as with his predecessors in the
field of theoretical chemistry, a leading object of attention; and the theory of latent.
heat, devised by Dr Black, was assumed as the ground-work of his new views.

Xt has already been stated, that, during the conversion of solids into fluids, and of
fluids into vapours, there is a considerable absorption of heat; and that, on the other
hand, when vapours and liquids are restored to the fluid and solid form, the heat which
they contained is evolved, or passes from the latent to the sensible or thermometric
state. These views were assumed by the French school as the basis of their theory of
combustion. The gas called by Priestley dephlogisticated air, and by Lavoisier oxy-
gen, was regarded as a compound of a peculiar ponderable basis, united to the matter
of light and heat. During the process of combustion, the basis was represented as
combining with the combustible, augmenting its weight, and changiog its properties ;
whilst the imponderable elements of the gas, the light and heat, were said to be deve-
loped in the form of flame.

Lavoisier instituted an extended and beautiful series of researches connected with
this subject. Dr Ingenhouz had devised the brilliant experiment of burning iron
wire in oxygen, but had neglected any inquiry into the change suffered by the gas
" and the metal. Lavoisier ascertained that the iron was converted into the black brittlg
substance, called martial ethiops by the old chemists, and that 100 grains of iron ab-
sorbed about 100 cubical inches of the gas, and increased 35 grains in weight. Hence
martial ethiops appeared to be a compound of oxygen and iron,

» Phosphorus was burned in the same manner. There was a considerable absorption
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of the gas, and.it appeared that the phosphorus had sustained a precisely equivalent
increase of weight,

The general conclusions deduced from these experiments were bold, but incorrect.
It was assumed that oxygen must be present in all cases of combustion ; that the base
of the gas always unites to the burning body, and that the heat and light essential to
the aeriform state of the oxygen are consequently thrown off, or rendered sensible.
With regard to the necessity of the presence of oxygen, it may be remarked, that.the
cases are very numerous in which bodies burn, and vividly too, independent of that
principle, although it is perfectly true that, in the generality of instances, oxygen
feeds the flame. :

' It is, therefore, more philosophical to consider combustion, or the evolution of heat
and light, as a general result of intense chemical action, and as ensuning in all cases
* where it may be conceived that the corpuscles of bodies are thrown into violent mo-

tion, than as depending upon the presence of any distinct substance, or ensuing from

the mutual actions of any appropriate forms of matter.

* But farther; there are many cases in which oxygen unites to bodies, without
“the evolution of heat and light, as during the gradual change of some of the metals by
exposure to air. - And there are numerous instances in ‘which vehement combustion
ensues, not only where there is no condensation of air, but where gaseous matter is .
positively produced, as in the inflammation of gunpowder ; and hence the theory of
latent heat, as applied to the composition of gases, is insufficient to account for the

phenomena.

Another weak part of the French hypothesis is that relating to the evolution of
light, which, if derived from the gas, should be proportional to its consumption or
solidification, whereas it depends chiefly on the combustible. Richter, Delame.
therie, and Gren, regarded the gas as affording the heat only, which is proportional
to the quantity consumed ; and they supposed the evolution of light to be derived
from the combustible, and several modern chemists have espoused this explanation.
Phosphorus emits much more light than hydrogen, but consumes. less oxygen;

- hence we should regard phosphorus as containing more combined light than hy.
drogen. This hypothesis involves several unnecessary suppositions; but these cannot
be discussed without reference to subjects which are excluded by the limits of this dis-
course. It may, however, here be observed, how nearly the French theory of com-

bustion agrees with that of Rey and Mayow, in referring the increase of weight of the
. 4
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combustible, to the fixation of air: this was the great obstacle in the phlogistic hy-
pothesis, and Rey and Lavoisier overcame it by the same means.

Oxygen was not merely considered by the French school as necessary to combus.
tion, but also as ar essential ingredient in all acids (whence the term ozygen); but
there are many acidsin which no oxygen can be proved to exist, and it is now known
-even to form a component part of the alcalies and earths. If sulphur be burned in
oxygen, it prodaces sulphurous acid gas : if potassinm be heated in salphurous acid
gas, it robs the sulphur of its oxygen, and is converted into potash; here oxygen is
seen altermately produciog an acid and an alcali,~the resait dependmg not apon the
exygen, but upon the base with which it combises,

In detailing the discoveries of Dr Black, I was led to notice his researches concern-
ing the production of fixed air. This gas was also examined with much attention
by Priestley, Scheele, and Cavendish, and they have each made importaat additions
to our knowledge of its sources aad properties. .

Lavoisier’s inquiries respecting the composition of fixed air, and its production du-
ring the combustion of charceal and ofthe diamond, were bighly important as conrected -
with his general theoretical views. Black bad indeed ascertained that burning char-
coal produced fixed air, but rested satisfied with the ssere fact, and pursued not the
inquiry which it natunally suggested, and which was eagerly taken up by Lavoisier
at an early period of his scientific career. He burned a given weight of charcoal in &
given proportien of .oxygen gas confined over guicksilver, and when the vessel had
cooled, he introduced a solation of potash, which absorbed the fixed air. He thus as.
certained the bulk of the fixed air generated by the charceal, and the bulk of oxygen
consumed ; and, by weighing the residuum of the charcoal, he found the quantity lost
by its combustion, From such experiments, he was led to regard fixed air as com-
posed of oxygen and charcoal, in the proportions by weight of about 70 of the former
and 30 of the latter. Soon after the discovery of fixed air by Black, it was demon-
strated by Keir, Bergman, and Fontana, to possess ecid properties ; hence it was oc-

casionally termed eérial acid, cretaceous acid, and mephitic acid. Consistently with the
principles of the:new nomenclature, -it roceived from Lavoisier the name of carbonic
acid, a term implying that it is composed of charcoal and oxygen ; and this it has
since retained, )

The production of fixed air, or, as we may now call it, carbonic acid, during the
combustion of diamond, is one of the most remarkable and important discoveries with
which Lavoisier enriched chemical science. The destruction of this precious gem by

DIS8. 1. K
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fire was demonstrated by the Florentine academicians as early as 1690 ; they exposed
a diamond to the focus of a burning lens, and found that it was entirely evaporated;
and Francis the First, of Germany, witnessed the same phenomenon in the heat of a
furnace. Lavoisier proved that the diamond underwent no change when air was ex-
cluded ; and that, when ignited in oxygen gas, it produced carbonic acid ; whence
the inevitable conclusion that the diamond and charcoal are identical in their nature;
and that the vast difference in their appearance and mechanical qualities is the result
of aggregation ; that the one is crystallized, the other in a less indurated form. Un-
precedented as such an idea may seem, it is not only warranted by the experiments of
Lavoisier and others, bat also in some degree supported by analogy. Thus, when ar-
gillaceous earth, which is a white pulverulent substance, is aggregated by mechani.
cal attraction into a crystalline form, it constitutes the sapphire, one of the hardest
and least destructible of the gems. In one state, the earth is soft, and readily soluble A
in acids ; in the other, its insolubility equals its induration : but there is one iavincible
anomaly relating to the conducting power of the diamond and charcoal in regard to
electricity ; the former ranks among the non-conductors, the latter is a conductor ;
and hitherto mechanical texture has not been shown, in any analogous cases, to inter-
fere with the power of conducting electricity.
. Among those who have further explored the phenomena of the combustion of the
diamoud, and who have verified and extended the origina..l views of Lavoisier, we find
- the names of the most eminent European Philosophers. Few subjects in Chemistry
have been so eagerly pursued, and the united results of different experimentalists have
rarely tallied with the precision which-these researches present. !

The discoveries of Rutherford and of Priestley, in the years 1772 and 1774, had dis-

! That the quantity of carbonic atid, afforded by a given weight of diamond, is the same as that yielded
by a similar quatity of charcoal, is the great proof of the identity of those apparently dissimilar substan-
ces : this was demonstrated in the year 1796, by the refined and elegant experiments of Mr Tennant, whoee
untimely loss society hag lately had ta deplore. Mr Tennant was a profound philosopher, and a matchless
companion,—his learning was without pedantry; his wit without sarcasm,—he was deep, but always clear;
gentle, but never dull. To those who knew him not, it is scarcely possible to offer an adequate represen-
tation of his eingularly pleasing and enlightened character,—by those who enjoyed his acquaintance, and
partook of his social hours, his extent of knowledge, his happy and unrivalled talent for conversation, his
harmless but brilliant flashes of merriment, and all his amiable peculiarities, can never be forgotten.
Friendship will long continue to weep over his grave, and science to lament beside his tomb.

Mr Tennant was born in Yorkshire in 1761, and died at Boulogne in 1815.

See Biographical Account of Smithson Tennant, Esq. in Thomson's Annals of Philosophy, Vol, VI.
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closed the elements of atmospheric air, and several experiments respecting the propor-
tions in which they are blended, had been instituted by these, and other Philosophers.
In the year 1795, Lavoisier resumed these inquiries, with a masterly and decisive
hand; he heated mercury in contact with a known portion of atmospheric air; it gra-
dually acquired a red film, which after some days ceased to form, and the metal re-
mained unaltered ; he then withdrew the fire, and suffered the vessels to cool ; he
found that the air had diminished in bulk, and that the quicksilver had increased in
weight ; that the loss of the former was equivaleat to the gain of the latter—which
had absorbed the oxygen of the air, leaving the azote unaltered. By such investiga-
tions he arrived, with tolerable precision, at the proportion in which these gases exist
in common air, and found, that, by mixing forty-two parts, by measure, of azote with
eight parts, by measure, of oxygen, he produced a compound precisely resembling
our atmosphere, in its power of supporting combustion and respiration, and of contri-
buting to the calcination of the metals. ‘ '

Besides these researches and discoveries, Lavoisier was the author of many scienti-
fic papers in the Memoirs. of the Parisian Academy. Of these a brief and hasty no-
tice will suffice, as they relate not to the great reform of chemical theory, in which
he was so conspicuous an actor, and upon which his fame and reputation have chief-
ly been raised.

In 1764, the French Government proposed, as a prize question, “ Which is the best
method of illuminating the streets of a large metropolis?” It was answered by La-
voisier ; and he was rewarded with an honorary medal. In 1768, he became a mem-
ber of the Academy. In 1770, he controverted a prevailing opinion respecting the
convertibility of water into earth ; and, two years afterwards, published an ingenious
geological essay upon the changes and stratification of the globe. In 1774, he en-
tered upon the grand field of discovery which has occupied so much of our attention,
and published an ingenious and comprehensive view of Pneumatic Chemistry. A
few years afterwards, his theory of acidity, of combustion, and of oxidizement ; his
experiments upon the composition of water, and of the atmosphere, and his views re-
specting the nature and affections of heat, were successively presented to the public ;
and, in 1789, his work entitled Elemens de Chimie was given to the world. It con-
tains a full account of his theoretical views and experimental researches.

Lavoisier was an earnest promoter of the Chemistry of the Arts. He turned his at-
tention to the improvement of several manufactures, and his labours were rewarded
by considerable success. Agriculture was with him a favourite pursuit, and he en-
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deavoured to improve its processes by experimental research. He was an able Poli-
tical Economist; and, for a few years, filled the office of a Commissioner of the National
Treasury, with honour to himself, and benefit to his country.

The moral and social character of Lavoisier was of the most estimable cast. Con.
temporary historians agree in eulogizing his mild, amiable, and obliging manners; in
extolling his liberality, and in praising him, as the encourager of deserving ingenuity,
and the ardent patron of science and the arts.

Through the scenes of the Revolation, such a man could not expect to pass unmo-
lested. He was rich, and therefore criminal; virtuous, and consequently offeasive.
In short, because his public character and private life were eqaally unimpeachable
and blameless, he was marked out for destruction, and murdered upon the scaffold
on the 8th of May 1794, in his native city of Paris, and in the 51st year of his
age.
Upon these acts of iniquitous barbarity and inhurnan treachery, equally degrading
to the individual performers and to the beholding nation, it is neither my business nor
inclination to dwell ; the recital of particulars would excite disgust rather than iater.
est ; and weuld rather shock than inform.

'We must now divest ourselves of the impressions naturally arising out of the virtues,
the eminencé. and the misfortunes of Lavoisier, and with unmixed attention steadily re-
flect upon his philosophical character. By some he has been extolled as the most
original, inventive, and exalted genius of his age ; by others stigmatized as an univer-
sal and dishonourable plagiarist ; but these are ‘the extremes of panegyric and male-
volence, each equidistant from candour and from truth. He was doubtless an acate,
sagacious, and useful Philosopher ; his zeal for the welfare of science was unremitting
and exemplary, amd his affluence -enabled him to pursue it upon an extensive and
splendid scale. As an original discoverer, he bends before Black and Priestley, and
was inferior to ‘Cavendish and Scheele ; but, as a theorist, he has few equals ; he was
comprehensive, successful, and clear. If time has shaken his opinions, and loosen-
<d his. speculétions, the change must be referred to the imperfect and progressive
state of ‘Chemistry, rather than to their inherent futility. In Natural Philosophy, the
systems -of Pythagoras, Ptolemy, Descartes, and others, have successively yielded to
the satisfactory and apparently stable simplicity of the Newtonian doctrines; but the
Newton of Chemistry is yet to come.

It must be regretted, that those who have censured Lavoisier with the uncaudid

and unacknowledged appropriation of the thoughts of others, have some grounds for
n
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the accusation. In bringing forwerd his theory of combustion, why did he smother
the lucid opinions of Rey and Mayow ? why vefuse praise and acknowledgment to Black,
snd Scheele, and Cavendish ? or, why appropriate the discovery of oxygen, in the face
of the prior, indisputable, aud kaown claims, of his friend and contemporary. Priestley ?
These are questions we cannot now answer ; but, those who have grounded harsh, in.
discriminate, and severe censure, upon such accusations, have neither been animated
by the independent spirit of true phi:lbsophy, nor guided by the unbiassed love of
trath. It must be remembered, that Lavoisier was never fairly confronted by these
rivals and antagonists ; that unintentionsl inadvertency often accompanies scientific
ardour ; that, in the eagerness of pursuit, he may have neglected that which, in a
calmer hour, he would have seen, regretted, and acknowledged ; and that, in the
hurry of discussion and heat of controversy, he was suddenly summoned to eter-

. mity.?

! §inoe writing the above, [ have seen two scarce wolames of the pesthumeus works of Laveisier in Mr
Hatchett's library at Roehampton. They consist, in great measure, of extracts from, and sketches of his
different papers read before the Royal Academy of Sciences, but several original Observations and Essays
are alsv dispersed among them, They, in some degree, justify the observation which I have made in the
text, that, had Lavoisier lived, he would have done merited justice to his predecessors and contemporaries,
for he candidly reviews their opinions, and compares them with his own ; at the same time, the following
passage caunot be regarded as perfectly candid towards Rey, who, as I have shown above, founded his ar-
guments not upon hypethesis, but npon experiment.

1 jasert a loug quotation, that there may be no misunderstapding upon the subject.

After stating the prevailing phlegistic notions entertained at that period, he proceeds as follows : ¢ Tel
6toit I'etat des connoissances, Jorsqu’sme suite d’expériences, entreprises en 1772 sur les différentes espices
d'air, ou de gas qui se dégagent dans les effervescences et dans un grand nembne d'opérations chimiques,
me frent cannoitre, d'une manidre démonstrative, quelle étoit la canse de I'augmentation de poids, qu'acqui-
£rent les metanx lorsqu'on les expose & l'action du feu. J'ignorois alors ce que Jean Rey avoit écrit & ce
sujet en 1680 ; et quand je I'surcis connu, je n’aurois pu regarder son opinion & cet égard, que comme une
assertion vague, propre & faire honneur au génie de l'auteur, xmais qui ne dispensait pas les chimistes de
constater Ja verité de-son opinion par des expériences. J'étois jeune, j'étois nouvellement entré dans la
carriére des sciences, j'étais axide de gloire, et je crws devoir prendre quelques précautions pour m'assurer
la propriété de ma découverte. Ily avait 3 oette époque, use correspondance habituelle entre les savang
de France et ceux d'Angleterre ; il regnoit entre les deux nations, une sorte de rivalité qui donnoit de I'im-
portance aux expériences nouvelles, et qui portoit quelquefois les écrivains de l'une ou de I'autre nation, &
Jes contester 3 leur véritable anteur; je crus denc deveir dépoeer, le 1°* Novembre 1772, I'écrit suivant
oacheté, entre les maies du Secrétsire de I'Académie. Ce dépét a €1é ouvert d la séance du 5™ Mai sui-
vaut, et mention du towt & &£ faite en téte de 'éonit. 1l étoit congu en ces termes :—

“ 1l y’a environ huit jours que j'ai découvert, que le sonfre en briilant, loin de perdre de son paids, en
acquibroit au contraire ; cest 4 dive, que d'une livoe de soufre, on pourait retirer begucoup plus d’'une livre
d’acide vitriolique, abstraction faite de I'humidité de I'air; il en est du méme du phosphore : cette augmen-
tation de poids vient d'une quantité prodigieuse d'air qui se fixe pendant la. combuation, et qui se combine
avec les vapeurs, '
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Though these considerations do not exculpate our philosopher,thej' must be allow-
ed to extenuate his imputed failings—they should induce us rather to soften the as.
perities of his scientific character, than to magnify its faults—instead of rejoicing that
he was not perfect, we should delight in his excellence, and should estimate his
character as a Philosopher, not so much by the means he employed, as by the noble
effects produced.

Among many other subjects which engaged the attention of Lavoisier and his asso-
ciates, that of reforming the nomenclature of Chemistry deserves to be noticed as
highly beneficial to the promotion of the science, and as tending materially to faci-
litate its acquisition. I am inclined, however, to think that, upon this point, too
much credit has been given to the French school ; rage for innovation, and not zeal
for improvement, seems often to have guided the undertaking; and terms, once
deemed faultless, now appear not less absurd and objectionable than the fanciful
names employed by the alchemical writers.

As princibals in the formation of the new nomenclature, we find the names of Guy-
ton Morveau® and Fourcroy, two men who may certainly be considered as ornaments
of their age and country. The former, amidst varied avocations, prosecuted Chemistry

s Cette découverte que j’ai constatée par des expériences que je regarde comme décisives, m'a fait pene
ser que ce qui s'observoit dans la combustion du soufre et du phosphore, pouvoit bien avoir lieu & I'égard
de tous les corps qui acquiérent du poids par la combustion et la calcination : et je me suis persuadé, que
I'augmentation de poids des chauz métralliques, tenoit & la méme cause. L’experience a complettement
confirmé mes conjectures : j'ai fait la reduction de la litharge dans des vaisseaux fermés, avec I'appareil de
Hales, et j'ai observé qu'il se dégagéoit, au moment du passage de la ckauzr en métal, une quantité consi-
dérable d’air, et que cet air formoit un volume au moins mille fois plus grand que la quantité de litharge
employée. Cette découverte me paroissant une des plus intéressantes qui ait été faite depuis Stahl, j'ai
cru devoir m'en assurer la propriété, en faisant le present dépdt entre les mains du Secrétaire de l’Aca-
démie, pour demeurer secret jusqu'au moment ol je publierai mes experiences.” :
: (Signé) ¢ LAavoIsIer.”
¢ En rapprochant cette premiére notice de celle que j'avois déposée i I' Académie le 20™¢ Octobre pré-

. cédent, sur la combustion du phosphore, du mémoire que j'ai lu & ’Académie & sa séance publique de

Paques 1778, enfin, de ceux que j'ai successivement publiés, il est aisé de voir, que j'avois congu dés

1772, tout 'ensemble du systéme que j'ai publié depuis sur la combustion. Cette théorie & laquelle j'ai

donné de nombreux développemens en 1777, et que j'ai porté, presque dés cette époque i I'état ou elle est
~ aujourdhui, n’a commencé & étre ensignée par Fourcroy, que dans I'hyver de 1786 & 1787; elle n'a été
adoptée par Guyton Morveau, qu'd une époque postérieure ; enfin,en 1785 Berthollet écrivoit encore dans
le systéme du phlogistique. Cette theorie n'est donc pas, comme je Uentends dire, la théorie des Chimistes
Frangois : elle est la mienne, et c'est une propriété que je réclame auprés de mes contemporains et de la
postérité.”

3 Born at Dijon in 1787, Died at Paris in 1815. See Life by Dr Granville in the Journal of Science
and Arts, Vol. 111 p. 249.
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with successful diligence, and, had he given nothing else to the science, his name de-
serves to be transmitted to posterity, as the inventor of 'the means of destroying infec-
tion by acid vapours, the efficacy of which he first pointed out in the year 1773. His
first essay on the reform of nomenclature was published in the Journal de Physique
for May 1782, and although it was strenuously opposed by the colossal power of the
Royal Academy of Paris, the plan was not only afterwards approved, but pro-
secuted by the eminent Chemists of that metropolis. The different papers and corre-
spondence relating to this subject are, in many respects, curious and interesting from
the difference of opinion which prevailed respecting the terms he adopted, and the ul-
timate benefit likely to result from the reformation.

Fourcroy * is a well known name in the chemical world ; his works rank among the
most celebrated which France has produced in the science of Chemistry, though they
are sometimes deficient in candour, and sometimes in correctness. His labours were
important, and his discoveries numerous, but they are, in many respects, so closely in. -
terwoven with those of contemporary Philosophers, that I have deemed it expedient
to waive farther notice respecting their objects and merits. '

I have now brought my narrative to the conclusion of the last century, about which
period Electricity began to assume importance as a chemical agent, and the Voltaic
apparatus became a necessary implement of the laboratory. To this source, the new
aspect which_ chemical science now wears, may principally be referred, and the his-
torian, who shall in aﬁenimes. record the advances that have been made in Chemistry
during the last eighteen years, will recite triumphs of the human mind never excelled,
and rarely equalled.—I am apprehensive that the inquisitive eye will detect several
omissions in the foregoing pages, although I have diligently endeavoured to record
every important event in the general history of the science. Of many who have at-
tained deserved eminence in the exclusive pursuit of its distinct branches, no mention
has been made : I have looked with attention into their works, and am well aware of
their individual merits; but I should have swerved from the principal object of this
Dissertation, that of recording discoveries, had I attempted even the superficial enu.
meration of their infinitely varied applications.

¢

1 Born in Paris in 1755, where he died in 1809.
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Supplement

TO THE

ENCYCLOPAEDIA BRITANNICA.

CHEMISTRY.

Chemistry. SINCE the publication of the article Chemistry, in
N~/

the Encyclopedia Britannica, that science has
been so much extended and improved as to have
" acquired an entirely new character. And although
we have given a full account of a most important
branch of this improvement in our article under
the head Aromic THEORY, it is conceived, that a
connected view of the present state of Chemical
Philosophy, will add much to the utility of the pre-
sent work. This we shall endeavour to give in the
most condensed form consistent with perspicuity.

Chemistry takes cognizance of all changes in the
constitution of matter, whether effected by heat,
mixture, or other means. Its general range, there-
fore, is 80 extensive, and the individual cases, re-
quiring explanation, so numerous, that Arrangement
is of the first consequence to its successful study ;
and, in the present state of our knowledge, it will
be found most convenient to begin with tﬁi discus-
sions relating to the general powers or properties of
matter, and afterwards to proceed to &e examing-
tion of individual substances, and to the phenomena
which they offer when presented to each other under
circumstances favourable to the exertion of their
mutual chemical ?encies.

The powers and properties of matter, connected
with chemical changes, may be considered under
the heads of

1. Attraction.

2. Heat.

8. Electricity.

I. ATTRACTION.

Atiraction may be regarded as acting at sensible
" VOL.IIL, PART I

and at insensible distances. In the former case, it Chemistry.
is called gravitation, It is the Kower by which sub- ‘W~ ~/

stances are propelled towards the earth; it exists in
all known forms of matter, and acts directly as the
mass, and inversely as the square of the distance:
And, when restrained by snertia, it preserves the
planetary bodies in their orbits, presides over their
movements, and tends to confer upon the of
the universe that consummate harmony which the
genius of Newton has unveiled.

Attraction is also exerted at insensible distances,
and among the minutest atoms of matter. It thus
preserves the form and modifies the texture of solids,
gives a spherical figure to fluids, and influences the
mechanical characters of bodies; and, when it ope-
rates upon dissimilar particles, it produces their
union, giving rise to new and infinitely varied pro-
ductions.

The results of attraction, as relating to the forms
of matter, are influenced by the circumstances un-
der which it has taken place. Sometimes the par-
ticles are, as it were, indiscriminately collected ; in
other cases they are beautifully arranged, giving
rise to regular and determinate figures. In this
case, bodies of the same composition invariably af-
fect the same form ; hence we are often enabled to
infer the composition of a substance from accurate
inspection of its external or mechanical characters.
The regular polyhedral solids thus resulting from
the influence of attraction upon certain kinds of
matter, are usually called crystals, and the bodies are
said to be susceptible of ization. To enable
the particles of bodies to assume that regular form
which crystals exhibit, it is obvious, that they must
have freedom of motion, and, accordingly, the firat

A
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These phenomena seem connected with the doctrine Chemistry.
of latent heat. The presence of light also influences =™y~

2

Chemistry. step towards obtaining a body in its crystalline form,
is to confer upon it either the liquid or aériform

state. The former is usually effected by solution in
water ; the latter by exposure to heat. When com-
mon salt is dissolved in water, its particles may be

rded as disposed at regular distances throughout
the fluid ; and if the quantity of water be consider-
able, the particles will be too far asunder to exert
reciprocal attraction ; in other words, they will be

more powerfully attracted by the water than by’

each other. If we now slowly get rid of a portion
of the water by evaporation, the saline particles will
gradually approach each other, and they will ag-
gregate according to certain laws, producing a re-
ular solid of a cubic form. The regularity of this
gure will be influenced by the rapidity of the eva-
poration ; if the process be slowly conducted, the
particles unite with-great regularity ; if hurried, the
crystals are irregular and confused. In common
cases, the evaporation may be continued till a pel-
licle forms upon the surface of the solution, which
indicates, that the attraction of the saline particles
for each other, is becoming superior to their attrac-
tion for the water. The formation, therefore, of a
superficial pellicle is the common criterion of the
fitness of a solution for crystallization ; but where
the object is to obtain very regular and very large
crystals, the evaporation must be much slower, and
carried to much less extent ; even spontaneous eva-
poration, or that which takes place at common tem-
peratures, must be resorted to. There are certain
- bodies which may be dissolved or liquified by heat,
and; duriag slow cooling, may be made to crystallize.
“This is the case with many of the metals, and with
sulphur. Some other substances, when beat_ed,
readily assume the state of vapour, and, duri
condensation, present regular crystalline forms, suc

4s iodine, bensoic acid, camphor, &c. The hard-
ness, brilliancy, and transparency of crystals, often
depend upon their containing water, which some-
times exists in large quantities. Thus, sulphate of
soda, in thestate of crystals, contains more than half
its weight. This is called water of crystallization.
Some salts part with it by simple exposure to a dry
air, when they are said to effloresce; but there are
other salts which deliquesce, or attract water from

Crystallization is sccelerated, by introducing into

4

‘mitive nucleus in all

the process of crystallization. Thus we see the
crystals collected in camphor bottles in druggists’
windows always mest copious upon the surface ex-
posed to light ; and if we set a solution of nitre in a
room which has the light admitted only through a
small hole in the window-shutter, crystals will form
most abundantly upon the side of the basin exposed
to the aperture through which the light enters.

We may now proceed to examine the structure of

stallized bodies, upon which the Theories of Cry-
stallization are founded. This inquiry exposes the
connecting link between Chemical and Mechanical
properties of bodies. ‘

It is commonly observed, that crystallized bodies
affect one form in preference to others. The fluor
-spar of Derbyshirc crystallizes in cubes: so does
common salt. Nitre assumes the form of a six-
sided prism, and sulphate of magnesia that of a
four-sided prism. These forms are liable to vary.
Fluor spar and salt crystallize sometimes in the form
of octoédra, and there are so many forms of carbo-
nate of lime, that it is difficult to select that which
most commonly occurs.

Romé de Lisle referred these variations of form
to certain truncations of an invariable primitive
nucleus ; and Gahn afterwards observed, that when
a piece of calcareous spar was carefully broken, all
its particles were of a rhomboidal figure. This in-
duced Bergman to suspect the existence of & pri-
Haily® entered this field of be: ot onty

aily® entered this field of' inquiry, he' not
corroborated the opinions of Be:‘?na;{ md!@uﬁ?z
former hypotheses to experimental ptoof, but traced

“ with much success the lawsé of cryitallisation, and

pointed out the modes of transition from primitive

to secondary figures. *
Those who are in the habit of cutting and polish-
ing certain gems, have long known that they only
rd smooth surfaces when broken in one direc-
tion; and that in others the fracture s irregular
and uneven. This is the case with ized
bodies in general. 1f we attempt to split-a cube of
fluor spar with the blade of a knife, assisted by a
hammer, we shall find that it will only yield kind-
ly in the direction of the sokd angles ; and pursuing
e division in these directions, an octoédron will be

tion. the solution' a nucleus, or solid body, upon which the resulting figure,
the process begins; and manufacturers often avail as in this diagram.
themselves of this circumstance. Thusdwe see su- Il:l littintgl af :i:l:-
-gar-candy crystallized upon strings, and verdigris sided crystal of cal- A
s;ron oﬂc{l. ‘There are cg:en in wEi'ch it is particu- careous spar,we find I
‘larly ad to put a few crystals of the dis- that, of the six edges ] r,/' FAR RN
-stlved salt into the solution, which soon cause a of thesuperior base, P /‘\\1,“>
crop of fresh crystals; and in some instances, if threealternateedges YM\\._,, :
‘there be two salts in solution, that will most readily only will yield to the \ 7A
‘separate, of which the crystals have been introduced. blow; those, for in- Y4
A strong saline solution, excluded from the air, will stance, marked a, 5, A\Y 4

¢ ; and the division

frequently crystallize the instant that air is admitted,
—a circumstance referred tb atmospheric pressure.
In other cases, agitation produces the same effect.

will take place in a
plane inclined at an

® Traité de Mineralogie. Paris, 1801.
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decrements of particles taking place on different Chemisry.

of 45%. Thé three intermediate edges resist
division, ing the inferior base of

the crystal, the intermediate will alone yield,
name} _a,b,c. If we continue this dissection in the

same ions, we shall at

%’bmi:’ c;he obtuse
rhomboid, which is seen in S
this diagram in its relative C‘ I \._é
situation to the including VTR
mWe thus th:n am;e d::

primitive form o 3

calcareous spar, and from - by =
whatever secondary form it § B
has been obtained, it is al- LA
ways & rhomboid, baving 31
obtuse angles of 105°. But
an obtuse thomboid is also
the primitive form of other .
bodies, as of pearl spar, Jodek g7
iron spar, and tourmalin. ~ L

But here the inclination of
the surface points out a
diﬂ'emce.b 'l;h}m tble pri- 06°
mitive. ang pear] spar is 106° &', of iron
107%¢ and of tourmalin 118° 10’, opeE
These instances show the necessity of being pro-
vided with instruments for measuring the angles of
meters. 'The reflective goniometer, invented by Dr
Wollaston,} is the moet useful of these instruments.
B enables us to determine the angles even of minute

with great accuracy ; a ray of light reflect-
from the surface of the crylu{bemhgscmployed
o Fooming e method hove describod,
owing the me e bavi
obtained six :timit.ivefoma,‘ i
1. 'l‘lncube,snlhloplpebn,' don, &c.
2. The édron.
s. %oﬂoedm
4 Mﬂsﬂlﬁ ism,
5. The rhombic d &

m.
6. The dodecaédron with triangular faces.

" These primitive forms, by further mechanical
analysis, may be reduced to three intagral elements.

1. The parallelopiped, or simplest solid, having si
'm.;'hpmllel. two and two. P ’ ) g X

2. The triangular, or simplest prism, bounded b
five surfaces. g plest ' v

8. The tetraédron, or simplest pyramid, bounded
by four surfaces.

The secondary forms are supposed to arise from

edges and angles of the primitive forms. Thus a
cube, having a series of decreasing layers of cubic
particles upon each of its six faces, will become
a dodecaédron, if the decrement be upon the
edges ; but an octoédron, if upon the angles; and
by irre intermediate amro mixed dJdecrements,
ap infinite variety of secondary forms would en-
sue.

But in crystallography we meet with arances
which Haiiy’s theory but imperfectly explai A
glice of Derbyshire spar, for instance, obtained by
making two successive and parallel sections, may be
divided into acute rhomboids ; but these are not the
primitive form of the spar, because, by the removal
of a tetraédron from each extremity of the rhome
boid an octoédron is obtained. Thus, as the whole
mass of fluor may be divided into tetraédra and oc-
toédra, it becomes a question which of these forms
is to be called primitive, especially as neither of
them can fill space without leaving vacuities, nor
can they produce any arrangement sufficiently stable
to form the basis of a permanent crystal. To ob-
viate this incongruity, Dr Wollaston{ has very in-
geniously proposed to consider the primitive parti-
cles as spheres which, by mutual attraction, have
assumed that t which brings them as
near as possible to each other. When a number of
similar balls are pressed together in the same plane,
they form equilateral triangles with each other; and
if balls so placed were cemented together and after.
wards broEen asunder, the straight lines in which
they would be di to separate, would form
angles of 60° with each other. A single ball, placed
any wheré on this stratum, would touch three of the
lower balls, and the planes touching their surfaces
would then include a regular édron. A square
of four balls, with a single ball resting upon the
centre of each surface, would form an octoédron, and
upon applying two other balls at opposite sides of
this octoédron, the group will t the acute
rhomboid. Thus the difficulty of the primitive form
of fluor, above alluded to, is done away, by assumin
a sphere as the ultimate molicula. By ublate
oblong spheroids other forms may be obtained. The
subject of crystallization has more lately engaged
the attention of Mr J. F. Daniell,|| and his re-
searches have produced some singular confirmations
of Dr Wollaston's hypothesis. If an amorphous
piece of alum be immersed in water, and left qui
to dissolve, at the end of about three weeks we sh
observe that it has been unequally acted upon by
the fluid: the mass will present the forms of oo.
toédra, and sections of octoédra, as it were carve
ed or stamped upon its surface, as seen in these

figures :

* Wollasion. Phil. Trans, 1812.
¥+ Phil. Trane. 1809,

§ Phid. Trans. 1813. Some acute remarks on the formation of crystals may be found in Hooke's Ms-

orogr .
] mlydmdqf&mmmdm‘, Vol. L

3




4

CHEMISTRY.

Chemistry. This appear-

ance is pro-

duced when

the attraction

of the water

for the solid

isnearly coun-

terbalanced

by its mecha-

nical texture.

The crystals

produced by

this species of

dissection, are

highlycurious

from theirmo-

dificationsand

relative posi-

tions, as the

same group

present  the

primitive form

as well as its

truncations

and decre-

ments. Other

salts yield _

other figures, and by more complicated chemical
action, as of acids upon carbonate of lime, the
metals, &c. analogous results are obtained. Here,
then, instead of dividing a crystal by mechanical
force, its structure is gradually developed by the
process of solution. In these cases two circum-
stances are particularly remarkable: the crystals
are different, and their forms vary with the ({iﬂ‘er-
ent faces of the original mass. In one direction
we observe octoédra and sections of octoédra; in
another, parallelograms of every dimension, modified
with certain determinate intersections.

If, in either of these positions, we turn the mass
upon its axis, the same figures will be perceived at
every quadrant of a circle; and, if we suppose the
planes continued, they will mutually intersect each
other, and various geometrical solids will be con-
structed. In this way, alum alone furnishes octo-
€drons, tetraédrons, cubes, four and eight-sided
prisms, either with plain or pyramidal terminations,
and rhombic parallelopipedans. It is evident, then,
that no theory of crystallization can be admitted,
which is not founded upon such a disposition of con-
stituent particles, as may furnish all these modifica-
tions, by mere abstraction of certain individuals from
the congeries, without altering the original relative
position of those which remain; and these conditions
may be fulfilled by such an arrangement of spheri-
cal particles, as would arise from the combination of
an indefinite number of balls endued with mutual at-
traction, and no other geometrical solid is adequate
to the purpose; and where bodies furnish crystals
differing from the octoédral series, an analogous ex-
planation is furnished, by supposing their constituent
particles to consist of oblate spheroids, whose axes
bear different proportions to each other in different
substances. Hence we may also conclude, that the
internal structure of all crystals of the same body is
alike, however the extesnal shapes differ. In corro-

boration of the above hyr)dxesb, we .may remark, Chemistry.
geometrical figures, that “™"’

that the hexaédron is, of al
which includes the greatest capacity under the least
surface. If, therefore, the ultimate particles of crys«
talline bodies be spheres or spheroids, the
possible number in the least space will be included
in this form. It is probable that the exterior shape
of every crystal is determined by the nucleus first
formed by a certain definite number of particies,
which, by the power of mutual attraction, overcome
the resistance of the medium in which they were
suspended, or from which they were separated. This
number may vary with the solvent, or other contin-
gent circumstances. Four spherical particles, thus
united, would balance each other in a tetraédral
group, six in an octoédral group, and each would
present particular points of attraction to which ali
subsequent deposits would he directed. Now, let us
imagine two nuclei formed in the same solution,
whose axes run in contrary directions ; their increase
will consequently be in contrary directions, and each
will attract a particular system of particles from the
surrounding medium. If these two systems should
cross each other in their course, a greater number
will be brought within the sphere of mutual reaction
at the point of junction, and they eught to arrange
themselves in the least possible com The facts
here answer to the theory. 1f we select any crystals,
having others crossing them nearly at right angles,
and separate them, the points of junction invariably
present an hexaédral arrangement.

- In connection with chemistry, the theory of crys-
tallization opens a new avenue to the science, and
frequently epables us to ascertain directly that which,
independent of such aids, could only be arrived at
by an indirect and circuitous route. We frequently
read the chemical nature of substances in their me-
chanical forms. To the mineralogist, an intimate
acquaintance with the crystalline forms and modifica-
tions of natural bodies is éssentially requisite. In-
deed, the theory of crystallization may be consider.
ed as one of the great supports of that useful branch
of natural history, and it is to the indefatigable ex-
ertions of Haiiy that much of its present perfection
is to be referred. In the arts, the process of crys-
tallization is turned to very valuable account, in the
separation and purification of a variety of sub-
stances.

We have hitherto considered Attraction as dispos- Chemical
ing the particles of bodies to adhere, so as to form Affinity.

masses or aggregates, and, in many instances, to ar~
range themselves according to peculiar laws, and to
assume regular geometrical figures. We are now to
regard this power as operating upon dissimilar par-
ticles, as presiding over the composition of bot!?a,
and as producing their chemical varieties. This is
CHEMICAL ATTRACTION or AFFINITY. If, into a
glass vessel, exhausted of air, be introduced some
sulphur, and copper filings, and heat be applied 50 as
to melt the former, it will presently combine with the
latter. We observe, as the results of this attraction
between the sulphur and copper, 1. That the sub-
stance produced has not the intermediate properties
of its elements, but that it presents new c TS,
2. That much heat and light are evolved during the
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of ginc (composed of sulphuric acid and oxide of Chemistry.
zinc), the oxide of sinc is separated, and sulphate of ~"~’

8. That sulphur and copper will
unite in certain proportions only. Im liquids and
gases, similar changes of properties may be exhibit-
ed, and, in many cases, a change of form or state re-
sulte. Thus the combination of aériform bodies pro-
duces a solid, as when muriatic and ammoniacal
gases produce the solid salt called muriate of ammo-
nia. Solids also produce liquids, and liquids gases.
In all cases of true chemical combination, the pro-
perties of the compound differ essentially from those
of its component parts, and a series of new bodies,
possessed of distinct and peculiar characters, are
roduced. Such operations are not confined to art.
ature presents them on an extended scale, and, in
connection with the functions of life, renders them
subservient to the most exalted purposes.

The new chemical powers, therefore, that bodies
acquire in consequence of combination, are often ex-
tremely remarkable, and can only be learned by ex-
periment, It frequently hap that inert bodies
produce inert compounds, and that active substances
remain active when combined ; but the reverse often
occurs. Thus oxygen, sulphur, and water, in them-
selves tasteless an cm:ﬁnﬁvely inert, produce
oil of vitriol when chemically combined ; and potash,
which is a powerful caustic when combined with oil
of vitriol, forms a salt possessed of little activity.
As chemical action takes place among the ultimate
or constituent elements of bodies, it must obviously
be opposed by the cohesion of their particles, and
chemical attraction is often prevented by mechanical
aggregation. A piece of the metal antimony, put
into the called chlorine, is only slowly and su-
perficially acted upon; but if the mechanical aggre-
gation be previously diminished, by reducing the
metal to powder, it in that state rapidly unites with
the gas, and burns the instant that it is introduced.
Heat increases the chemical energies of bodies, Its
effects are sometimes only referable to the diminu-
tion of adhesion by expansion, but in other cases are
peculiar and complicated, as will be shown under
the sections on HzaT and ELEcTRICITY.

Bodies are possessed of very different attractive
powers, and if several be brought together, those
which have the strongest mutual affinities enter first
into union. Thus, if nitric acid be poured upon a
mixture of lime and magnesia, it dissolves the for-
mer in preference to the latter earth. The know-
ledge of this fact enables us to separate bodies when
united, or to perform the process of decomposition.
Thus, if I add an aqueous solution of lime to a solu-
tion of magnesia in nitric acid, the latter earth is
thrown down or precipitated, and the lime occu-
pies its place in the acid.

Decomposition is effected under a variety of cir-
cymstances, and by many methods ; but it is com-

monly described by chemists as SivprLE and Com-

rLEX, or SinoLx and DouBLE.

In cases of simple attraction or affinity, one bod
separates another from its combination with a third.
Thus, when potash is added to a solution of sulphate

potash is produced.

In cases of double decomposition, two new com-
pounds are produced; as when a solution of nitrat
of barytes is mixed with solution of sulphate of soda,
the results are a precipitate of sulphate of barytes,
and a solution of nitrat of soda.

1t is obvious, from the uniform resuits of chemical
action, that affinity must be governed by certain de-
finite laws, by which its results are determined, and
upon which its uniformity depends. Attentipn was
first called to this subject by Mr Higgins in 1789.%
He conceived that chemical attraction only prevailed
between the ultimate particles of simple elementary
matter and between compound atoms; and, in ap-
plying this idea to chemical theory, he expressed by
numbers the relative forces of attraction subsisting
between the different kinds of ultimate particles and
atoms of matter.

These views were subsequently extended and im-
proved by Mr Dalton,{ and have since e:;fnged
the attention of some most eminent chemical phi-
losophers; among whom we may enumerate Gay
Lussac and Berzelius, Davy, Wollaston, and Thom.
son.

The atomic doctrine, or theory of definite propor- Definite

S

tions, has been much blended with hypothetical Proportions.

views; but it will be most satisfactorily and usefully
considered as an independent collection of facts.

When bodies unite s0 as to form one compound
only, that compound, under whatever circumstances
it is produced, whether by nature or art, always con-
tains the same relative proportions of its components;
and where two bodies unite in more than one pro-
portion, the second, third, &c. proportions are mul-
tiples or divisions of the first. This law is well exhi-
bited in the combinations of gaseous bodies. These
are seen to unite in simple ratios of volume. Wa.
ter is composed of hydrogen and oxygen, and 1
part by weight of the former gas, unites to 7,5 of
the latter, The specific gravity of hydrogen, com-

red with that of oxygen,
is as 1 to 15: it is obvious,
therefore, that one volume z. 75
of hydrogen unites to half Q.
a volume of oxygen, and
that the composition of H.
water will be represent-
ed by weight and volume
thus: 1

Muriatic aci consists of 1 part by weight
of hydrogen, nnds?s} by P Y weigh
weight of chlorine. The
relative specific gravities of

these fues are as | to
88,5. It is obvious, there-
fore, that they combine in
equal volumes, and that
muriatic acid gas may be
thus represented.

1. |1 335

H. | C

® A Comparative View of the Phlogistic and Antiphlo

gistic Theories, &c. London, 1789.

+ New System of Chemical Philesophy. Manchester, 1810
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Chamistiy: ©  Carbonic ecid unites’ to potash in two propor-

= tions, and forms two definite com

Principle of
Thermome-
wre.

unds. In the
one, 70 of potash are combined with 30 of car-
bonic acid; in the other, 70'of potash are united to
60 of carbonic acid. Lead combines with oxygen
in three proportions; the first compound consists of
100 lead 4 8 oxygen, the second of 100 4 12, the
third of 100 4 16.

Bodies are always obedient to these laws of union ;
and, in whatever way they are produced, their com-
ponent parts exist in the same relative proportions.

Hear.

Heat may be considered as a power opposed: to
Attraction, for it tends to the particles of
bodies; and whenever a body is heated, it is also
expanded. Expansion is the most obvious and fa-
miliar effect of heat; and it takes place, though in
different degrees, in all forms of matter. Solids are
the least expansible,—liquids expand more readily
than solids,—and ium or aériform bodies more than
liquids. When a body has been expanded el:iy beat,
it regains its former dimensions when cooled to its
former temperature, ' Different bodiea expand dif-
fcrently when equally heated. The metals are the
most expansible solids ; but among them, zinc ex-

ds more than iron, and iron more than gold.
En uids differ also in their relative expansibilities.
Ether is more expansible than spirit of wine, and
spirit more than water, and water more than mer-
cury. Those liquids are generally most expansible
which boil at the lowest temperature. In all pure
us bodies, the rate of expansion for similar
increase of tem ure is similar: 100 measures
of air, when heated from the freezing to the boil-
iog point of water, suffer an increase in bulk —= 87,5
K:ru at mean pressure. As heat increases the

Ik of all bodies, it is obvious that change of tem-
perature is constantly producing changes in their
density or specific gravity, as may be easily demon-
strated in fluids where there is om of motion
among the particles. If I apply heat t¢ the bottom
of a vessel of water; the heated part expands and
rises, while a cold or denser. stratum ies ita
place. In air, similar currents are continually pro-
duced, and the vibratory motion. observed over
chimney pots, arid slated roofs which bave been heat-
ed by the sun, depends upon‘this circumstance,
The warm air rises, and its refracting power being
less than that of the circumambient colder air, the
curtents are rendered visible by the distortion of
objects viewed through thém. - There is only one
strict exception to the general law of expansion by
heat, and contraction by cold ; this is in the ease of
water, which expands considerably. when it ap-
proaches its freezing point. ;

If we mix equal quantities of the same flnid at
different temperatures, the cold portion will expand
as'much as the hot portion contracts, and the re--
sulting temperature is the mean ; so that it w,
that as much heat as is lost by the one portion is

guined by the other. Upon this principle, thermo- =

meters are ooastructed, A common thermometer Chemistry,
consists of a.tube terminated at one end by a bulb, ‘=

and cloeed at the other. The bulb and part of the
tube are filled with & proper liquid, generally mer-
cury, and a scale.is applied, graduated into equal
s::n. Wherever -this instrument is applied to bo-
ies of the same temperature, the mercury, being
similarly expanded, indicates the same degree of
heat. In dividing the scale of a thermometer, the
two fixed points usually resorted to are the i
and boiling of water, which always take place at the
same temperature, when under the same atmospheric
pressure. The intermediate part of the scale is di-
vided into any convenient number of ; and
it is obvious, that all thermometers thus constructed
will indicate the same degree of heat when exposed
to the same temperature. In the centigrade ther-
mometer, this space is divided into 100°; the freez-
ing of water being marked 0, the boiling point 100°.
In this country we use Fahrenheit’s scale, of which
the 0° is placed at 32° below the ing of water;
which, therefore, is marked .32 and the boiling
point 212° the infermediste space being divided
into 180°% Another scale is Reaumur’s; the freez-
ing point is 0° the boiling point = 80°. These are
the principal thermometers used in Europe. Each
degree of Fahrenheit's scale is equal to § of a de-
gree on Reaumur's; if, therefore, the number of de-
m on Fahrenbeit's scale, above.or below the
ing of water, be multiplied by 4, and divided by
9, the quotient will be the corresponding degree of

Reaumur.
Fahrenheit. Reaumur.
68°—382°= 86 X 4=144 -9 =16°
2120 — 32° = 180 X 4 =720 <+ 9 = 80°
To reduce the degrees of Reaumur to those of
Fahrenheit, they are to be multiplied by 9, and di-
vided by 4.
Reaumur. Pahrenheit,
16° X 9=144 + 4= 36° 4 832°= 68
80 X 9=1720 +4=180 + 32 =212

Every degree of Fahrenheit is equal to § of & de-
gree on the Centigrade scale ; the reduction, there-
ore,

is as follows.

Fahrenheit. . Centigrade.
212 — 32 = 180 X 5 == 900 + 9 = 100°

c 03 .-l ) ' Fl ] 3 .

100 X 9 = 900 -- § = 180 4 82 =212°

Where a thermometer is intended to measure very
low temperatures, spirit of wine. is employed in its.
construction, as that fluiid has never been frozen,
whereas the low temperature at which it boils, rer-
ders it unfit for messuring high temperatures,
Quicksilver will indicate 500°, but freezes at — 40°.
Air is sometimes resorted to as indicating very small
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Differential
Thermome-
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dnnsu of temperature; and of air thermometers,
that described bl;'

' Professor Leslie,*
under the name
of the Differential
Thermometer, is

by a tabe. twice
bent at right an-
gles, vontaining
calaured sulphu-
ric acidl.dehen
a hot y ap-
proaches .one of
the .bulbs, it
drives the fluid to-
wards: the other.
“The great advan-
tage of this in.
strument in deli-
cate rinsents
is, thea?‘ eral
changes of the at-
mwpme's tem-
perature do not
:::i:t it, but it
‘only indicates the
difference of tem-
‘perature between the two balls.
- The relative quantities of heat which different bo-
dies in the same state require to raide them to the
same thermometric temperature, is called their spe-
cific heat, and those bodies which require most heat
are said to have the capacily for heat. That
the quantity of heat in different bodies of the same
temperature is- different, was first shown by Dr
Black, in his lectures at Glasgow, in 1762. .

1t has been stated as a proof of the accuracy.of
the thermometer, that equal volumes of the same
fluid, at different temﬁnturu, give the arithmetical
mean, on mixture. us, the temperature of a pint
of hot-and a pint of cold water is, after mixture, as
near as possible half-way between the extremes.
The cold water being of a temperature of 50° and
the hot of 100°, the mixture raises the thermometer
to 75% But if a pint of quicksilver at 100° be mix-
ed with a pint of water at 50°, the resulting tempe-
tatare is not 75°, but 70°; so that the quicksilver
has lost 30°, wheroas the water has only gained 20°.
Hence, it appears, that the ty of mercury for
heat is less than :that of water; and if the weight of
the two. bodies be compared, which are as 13,3to 1,
their capacities will be to each other as 19 to 1.

1n cases-where the specific heat of bodies is to be
ascertaifted, it is convemient that water should be
the standard of comparison, or =-1. The following is

-ble influence

.quicksilver be placed at eq
fire, the quicksilver will be more rapidly heated than

bodies, from the temperature resulting from the mix-"
ture of two bodies at unequal temperatures, what-

ever. be their respective qualities. Multiply the

‘weight of the water by the difference between its

original te ture, and that of the mixture. Al-
80, multiply the weight of the other liquid, by the d";f-
ferénce between its temperature and that of the
mixture; divide the first product by the second,
and the quotient will express the specific heat of the
other s , that of water being = 1. Thus,
20 ounces of water at 105°, mixed with 12 ounces
of spermaceti oil at 40° produce a temperature of
90°. Therefore, multiply 20 by 15 (the difference
between 105 and 90‘: 300. And multiply 12 b

50 (the difference between 40 and 90) == 600.
Then 300, + 600, = $, which is the specific heat

.of oil ; that is, water being 1, oil is 0,5. -
The capacities of bodies for heat have considera- Capacities
n the rate at which they are heated of Bodies

and cooled. ose bodies which are most slowly
heated and cooled have generally the greatest capa-
city for heat. Thus, if equal quantities of water and

distances -before the

the water, and the metal will cool moat rapidly whea

-carried to a cold place. Upon this principle, Professor
Leslie in .

‘bodies, observing their relative times of cooling a
-gertain number of degrees, comparatively with wa.

iously determined the specific heat of

ter, under similar circumstances. .
The Calorimeter, invented by Lavoisier for deter-

‘mining the specific heat, of bodies,.is an inaccurate
Anstrument.

The. capacity of gases and vapours differs with the
nature of the':y and with its density. In gases
dilatation pmcﬁ:?el cold, and compression excites
heat. A thermometer suspended in the receiver of
the air-pump sinks during exhaustion, and sudden
compression of air produces heat sufficient to inflame
tinder. In liquids, too, condensation diminishes ca-
pacity for heat ; hence the mixture of spirit and wa.
ter, and of oil of vitriolh:nhd water, evolvlc;ay heat.
The increased ity which air. acquires by rare-
faction has its mee in modifying natural tempe-
ratures. The air, becoming rarer as it ascends, ab-
sorbs its own heat, and hence becomes cold in pro-
portion as it recedes from the earth’s surface: thus
moisture, rain, or snow,.are thrown down on the

When di t badies are exposed to the same
source of heat, suffer it to pass through them
with very different: of velocity, or they have
wvarious conducting powers in regard to hest. A-

solid bodies, metals are the best conductors.
.And silver, gold, and' , are better conductors
than platinum, iron, and lead. Next to the metals,

we , perhay the diamond,—then glgss,~
Then shicbous e hard siony b

P- 9, &c.

* Esperimental Inguiry into the Nature and Propagation of Heat, by John Leslie London, 1804,

7

. formuls for determining the specific heat of Chemistry.
8 general ning the speci —




8 CHEMISTRY.

Chemistry. then soft and porous earthy bodies, and wood,—and, perature of 122°. But equal of ice-at 82° and Chemisey.
> % lastly, down, feathers, wool, and other porous articles  of water at 212° will only produce (after the lique- “o™ ==’

of clothing.

Liquids and gases are very imperfect conductors
of heat, and heat is generally (ll,i:tﬁbuted through
them by o change of specific gravity, as before
stated.

If we aY,ply heat to the upper surface of any fluid,
it will with great difficulty make its way downwards.
Count Rumford considered fluids as non-conductors
of heat ; but the more accurate researches of Dalton,
Hope, Murray,* and Thomson,{ have demonstrated
that they do conduct, though very imperfectly.
Experiments on the conducting power of air are
complex and difficult, and the results hitherto ob-

" -tained are unsatisfactory. They are interfered with

by several circumstances presently to be noticed.
The different conducting powers of bodies is
shown in the application of wooden handles to metal-
lic vessels, or a stratum of ivory or weod is inter~
between the hot vessel and the metal handle.
e transfer of heat is thus prevented. Heat is con-
fined by bad conductors ; hence clothing for cold
climates consists of woollen materials; hence, too,
the walls of furnaces are composed of clay and sand.
Confined air is a very bad conductor of heat; hence
the advantage of double doors to furnaces, to pre-
vent the escape of heat, and of a double wall, with
an interposed stratum of air, to an ice house, which
prevents the influx of heat from without. From the
different conducting: powers of bodies in respect to
heat, arise the sensations of heat and cold expe-
rienced upon their application to our organs, though
their thermometric temperature is similar. Good
conductors occasion when touched a greater sensa-
tion of heat and cold than bad ones. Metal feels
cold because it readily carries off the heat of the
body; and we cannot touch a piece of metal im-
mersed in air of a temperature moderate to our
sense.

LatentHeat, Heat has great influence on the forms or states of

bodies. When we heat a solid, it becomes fluid or
gaserous; and liquids are converted into aériform
bodies orvapours. Dr Black investigated this effect
of heat with singular felicity, and his researches rank
among the most admirable effects of experimental
philosophy. $ During the liquefaction of bodies, a
quantity of heat is absorbed, which is essential to the
state of fluidity, and which does not increase the
sensible or thermometric temperature. Consequent-
ly, if @ cold solid body, and the same body hot and
in a liquid state, be mixed in known proportions, the
temperature after mixture will not be the propor-
tional mean, as would be the case if both were liquid,
but will fall short of it; much of the heat of the hotter
body b% consumed in rendering the oelder solid
liquid, before it produces any effect npon its sensible
temperature. Equal parts of water at 83° and of
water at 212° wﬂl produce on mixture a mean tem-

faction of the ice) a t.enx:rnture of 52°, the greater
portion of the heat of water being employed in
thawing the ice, before it can produce any rise of
temperature in the mixture. To heat thus srsensible
or combined, Dr Black applied the term latent keat.
The actual loss of thermometric heat in these cases
was thus estimated: a pound of ice at 82° was put
into a pound of water at 172°; the ice melted, and
the temperature of the mixture was 32°. Here the
water was cooled 140°, while the temperature of ice
was unaltered; that is, 140° of heat di —
their effect being not to increase temperature, but
to increase fluidity.

The same phenomena’ are observable in all cases
of liquefaction, and we produce artificial cold, often
of great intensity, by the rapid solution of certain
saline bodies in water. When fluids are converted
into solids, their latent heat becomes sensible ; coa-
gelation therefore is to surrounding bodies a heating
process, and liquefaction a cooling process. .

When liquids are heated, they acquire the gaseous
form, and become invisible elastic fluids, possessed of
the mechanical properties of common air. They re-
tain this form or state, as long as their temperature re-
mains sufficiently high, but reassume the solid form
when cooled again. Different fluids pass into the aéri-
form state at different temperatures, or their boiling
points are different ; they are also regulated by the
density of the atmosphere. If we diminish atmos;
ric pressure, we lower the boiling point. When the
barometer is at 28 inches, water will boil at a lower
temperature than when it is at 81 inches. Water
under mean atmospheric pressure boils at 212°. At
the top of Mont ‘Blanc, Seussure found that it boiled
at 187°, so that the heights of mountains, and even
of buildings, may be ulated by reference to the
temperature at which water boils upon their sume
mits, The Reverend Mr Wollaston has lately de-
scribed to the ‘Royal Society, the method .of con-
structing a thermometer of extreme delicacy, ap+
plicable to these purposes. In the vacuum of an
air.pump, fluids boil at temperatures considerably
below their ordivary boiling J”i""' . “ o

The conversion of a liquid into vapour, is alwa
attended with great loss-of thermometric -lieat, aqd‘.
as liquids may be regarded as compounds of solids
and heat, 80 vapours may. he considered 48 copyiats
ing of a similar combination of heat with liguids; in
otﬁer words, a gredt quaptity of heat becomes Jatent
during the formation of vapour. This is-easily il-
lustrated by immersing o thermometer into a vessel
of water over a lamp. The quicksilver rises
to 212°, the water then boils, and although the
source of heat remains, neither the water nor the
steam acquire a higher temperatyre than 212°; the
heat then becames Jasent, and is ‘copsumed in the
formation of steam. _ :

® System of Chemistry, Vol. L.
§ sleeta L

S{acekm Chemistry, Vol. 1.
's Lectures, edited by John Robison, LL.D. Edinburgh, 1803.
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Chemistry. To ascertain the absolute loss of thermometric
\w>/%/ heat in this case, Dr Black * instituted the following

experiments: He noted the time required to raise a
certain quantity of water to its boiling point; he
then kept up the same heat till the whole was eva-

porated, and marked the time consumed by the

whole process ; it was thus computed to what height
the temperature would have risen, supposing the rise

to have gone on above 2129, in the same ratio as be- .

low it, and as the temperature of the steam was the
same as that of the water, it was fairly inferred that all
the heat above 212° was essential to the constitution
of aqueous vapour. Dr Black estimated this quan-
tity at about 810°, that is, the same quantity of heat
which is required for the total evaporation of boiling
water at 212° would be sufficient to raise the water
810° above its boiling point, or to 1022° had it con-
tinued in the liquid state. There are other means of
sscertaining the latent heat of steam, which lead us
to place it between 900° and 1000°.

_ When steam is again condensed, or when vapours
reassume the liquid state, their latent heat becomes
sensible, and in this way it is obvious that a small
quantity of steam will, during its cendensation, com-
municate heat sufficient to boil a large quaatity of
water.

The cold produced by evaporation is, under cer-
tain circumstances, very great. Spirit of wine and
ether, which réadily evaporate, produce consider-
able cold during that process. Uppon this principle,
wine coolers and similar porous vessels, refrigerate
the fluids they contain; and thus, by accelerating
the evaporation of water, by exposing it under an
exhausted receiver, containing bodies that quicklyab-
sorb its vapour, Professor Leslie has contrived to effect
its congelation ; the heat required for the conversion
of one portion of the water into vapour being taken
from the other portion, which is thus reduced to ice.

The he::\::ven off by steam dn{in its conden-
sation, is advantageously applied to warming
buildings, and is at once ufe,{alupl}:'ioul, and econo-
mical. In many natural ions the conversion
of water into vapour, and the condensation of va-
pour in the form of dew and rain, is & process of the
utmost importance, and tends considerably to the
equalization of temperature over the globe.

Nothing is known of the nature or cause of heat.
1t has been by some considered as a peculiar fluid,
to which the term Caloric has been applied; and
many phenomena are in favour of the existence of
such a fluid. By others, the phenomena above de-
scribed have been referred to a vibratory motion of
the particles of matter, varying in velocity with the
perceived intensity of the heat. In fluids and gases
the particles are conceived to have a motion round
their own axis, Temperature, therefore, would in-
crease with the velocity of the vibrations, and in-
crease of capacity would be produced by the motion
being performed in greater space. The loss of tem-
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perature during the change of solids into liquids and Chemiatry.

gases, wauld depend upon loss of vibratory motion, ™V

ia consequence of the acquired ‘rotatory motion.

Upon the other hypothesis, zemperature is referred
to the quantity of caloric present; and the loss of
temperature which happens when bodies change
their state, depends upon the chemical combination
of.the caloric with the solid in the case of liquefac-
tion, and with the liquid in the case of coaversion
into the aériform state.

ELecTRICITY.

If a piece of sealing-wax and of dry warm flan-
nel be rubbed against each other, they both become
ble of attracting and repelling light bodies.
Glass rubbed upon silk exhibits the same pheno-
mena. In these cases the bodies are said to be
electrically excited. 1f two pith-balls be electrified
by touching them with the sealing-wax or with the
flannel, they repel each other; but if one pith-ball
be electrified by the wax and the other by the flan-
nel, they attract each other. The same applies to
the glass and silk ; it shows a difference in the elec-
tricities of the different bodies ; and the experiment
leads to the conclusion, that bodies similarly elec-

trified repel each other, but that, when dissimilarly .

electrified, they attract each other.

1f one ball be electrified by sealing-wax rubbed
by flannel, and another by silk rubbed with glass, those
balls will repel each other; which proves, that the
electricity of the silk is the same as that of the seal-
ing-wax. But if one bell be electrified by the seal-
ing-wax and the other by the glass, they then at-
tract each other, showing that they are oppositely
electrified.

The terms vitreous and resinous electricity were Different '

applied to these two phenomena ; but Franklin, ob-. Kinds of

serving that the same electricity was not inherent in
the same body, but that glass sometimes exhibited
the same phenomena as wax, and vice versa, adopted
another term ; and, instead of regarding the pheno-
mena as dependent upon two electric fluids, referred
them to the presence of one fluid, in excess in some
cases, and in deficiency in others. To represent
these states, he used the terms plus and minus, posi-
tive and negative. When glass is rubbed with sk,
a portion of electricity leaves the silk, and enters
the glass. It becomes positive, therefore, and the
silk negative; but when sealing-wax is rubbed with
flannel, the wax loses and the flannel gains. ‘The
former, therefore, is negative, the latter positive. All
bodies in nature are thus regarded as containing the
electric fluid, and, when its equilibrium is disturbed,
they exhibit the phenomena just described. :
ery delicate pith-balls, or stripes of gold leaf,
are usually employed in ascertaining the presence of
electricity ; and, by the way in which their diver-
gence is affected by glass or sealing-wax, the kind or

® Lectures, pp. 145, et seq—Dr Black's Researches on the Latent Heat ¢f Steam, led Mr Watt to his
great improverent of the steam-engine, of which an account is given in the Lectures, page 184.

+ See Davy's Elements of Chemical Philosophy.
VOL. IIL. PART I
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‘touching the ground, then the balls 1, bei
-will attract the balls 2, which are render

suspended or mounted for delicate experiments, they
form an electrometer.- A considerable improvement
in the insulation of the gold leaves has been intro-
duced by the late Mr Singer, and is described in
his Elements of Electricity. London, 1814.

Some bodies suffer electricity to pass through
their substance, and are called conductors. Others
only receive it upon the spot touched, and are call-
ed nonconductors. The former do not, in general,
become electric by friction, aud are called nonelec-
trics. The latter, on the eontrary, are electrics, or
acquire electricity by friction. They are also called
tnsulators. The metals are all conductors; glass,
sulphur, and resins, are nonconductors. V&ater,
damp wood, spirit of wine, and some oils, are im-
perfect conductors.

There are many substances which show signs of
electricity when heated, as the tourmalin, topaz, dia-
mond, boracite, &c.; and in these bodies the differ-
ent surfaces exhibit different electrical states.
Whenever one part of a body, ot system of bodies,
is positive, another part is invariably negative ; and
these opposite electrical states are always such as
exactly to neutralize each other. Thus, in the com-
mon electrical machine, one conductor receives the
electricity of the glass cylinder, and the other that

nf rubber, and the former conductor is posi.
tive and the latter negative; but if they be connect-
ed, all electrical phenomena cease.

If an insulal conductor be electrified, and an
uninsulated conductor be opposed to it, there being
between the two a thin stratum of air, glass, or other
nonconductor, the uninsulated conductor, under such
circumstances, acquires an ol.)}:osite electrical state
to that of the originally electrified insulated conduc-
tor. In this case, the uninsulated body is sald to be
electrified by snduction ; and the induced electricity
remains evident, until an explosion, spark, or dis-
charge happens, when the opposite electricities anni-
hilate each other. Induced electricity may thus be
exhibited through a long series of insulated conduc-
tors, provided the last of the series be communicated
" Thus, in the ollowing diagram

us, in the following di , A may represent
the positive conductorlzg the electrical machines B,
C, and D, three insulated conductors, placed at a
little distance from each other. D having a chain
positive,
negative
by induction. Under these circumstances, each of
the conductors becomes polar, and the balls 3 are
positive, while 4 are negative, 5 positive, 6 negative,
&c. The central points of she conductors, B, C, D,
are neutral. When these opposite electrical states
have arrived at a certain intensity, sparks be-
tween the different conductors, and the electrical
phenomena cease.

fide sis ain'a

Upon the principle of induction it is that the ac- Chwcisay.
cumulation of electricity in the Leyden phial is ef- V">

fected. It consists of a thin glass jar, coated inter-
nally and externally with tinfoil to within a short
distance of its mouth. When the inner surface is
rendered positive by union with the conductor of
the electrical machine, the exterior becomes nega-
tive by induction. When the inner and outer sur-
faces are united by a conductor, all electrical aceu-
mulation is annihileted by a spark, and the two op-
posite states are found to have been precisely equi-
valent. If one Leyden jar be insulsted with its in-
ternal surface connected with the positive conduoetor,
another J“ may be charged from its exterfor coat-
ing ; and if this second jar be insulated, a third may
be charged from its exterior coating, and so on for
any number of jars, provided always that the exte-
rior coating of the last jar be connected with the
ground. In this case, a polar arrangement, similar
to that of the conductors just described, will have
been formed, gliss being the medium of induction
instead of air.

Let CP be the positive conductor of the electrieal
machine, and &, §, ¢, three jmsulated Leyden phials,
the outer coeting of ¢ being coomected with the
ground ; it is then obvious, that there will be the
same polisr state as in the cendudters just noticed ;
that the insides of @, 5, and ¢, will be positive, snd
the outsides negative; and tha, eonsequemtly,

the jurs from eseh other, they
similarly charged, and that if the thres inse
faces ,{,p,md&eﬁmommﬁc.n,n,u,h
united, the whele may be discharged s ome jar.

Electricians employ the term gus i
cate the absolute quantity of electrre power in mny
body, and the term infensity to i power of
passing through a certain strastum of air ev other il

conducting medium,

If we sappose a den phial to fumish
a spark when of Ic;;’o nchth‘llelglb, e
should find that another uncharged Leyden
the inuer and outer ceating of which were commw-
nicated with those of the , weuld, upen thke
same quantity of electricity being
thelengthfatflythesparkt;’hdfahd\ghm dve

antity of electriet i same, its jnten-
Tty in’ diminished by onehad, by s &
over the larger surfice.

There are many other sourees of eleetricity thun
those just noticed. Whenever bodies
forms, their electrical states are also altered. Thus
the conversion of water into vapour, and the conges
lation of melted resins and sulphur, are in
which electricity is also rendered sensible.

"When an insulated plate of zinc is brought nto
contact with one of copper or silver, it is found,

i
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Chemisuy. after removal, to be positively electrical, and the though in themselves guite distinct, may be depend- Chemistry.
\~ = silver or copper is left in the opposite state. If the ent upon one and the same power, acting in the ™"

perve of a recently kilied frog be attached to a sil-
ver probe, and a piece of zinc be brought into the
contact of the muscular parts of the animal, violent
convulsions are produced every time the metals thus
connected are made to touch each other.

If a piece of zinc be placed upon the tongue, and
a piece of silver under it, a peculiar sensation will
be perceived every time the two metals are made to
touch. i

In these cases the chemical properties of the
metals are observed to be affected. If a silver and
a zinc wire be put into a wine glass full of dilute
sulphuric acid, the zinc wire only will evolve gas;
but upon bringing the two wires in contact with
each other, the silver will also copiously produce air
bubbles.

If a number of alternations be made of copper or
silver leaf, zinc leaf, and thin paper, the electricity
excited by the contact of the metals will be render-

ed evident to the common electrometer. Also, if ing the cause of electrical phenomens, though the c“‘"m 'd.l
plates of zinc and copper be regularly a with subject has engaged the attention of the most emi- pponens.
moistened flannel between each pair of plates, we nent philosophers of Europe. They have been by

shall observe that, having made 50 or 60 such al-
ternations, the same effect will be produced, and
that the zinc plate will give a positive, and the cop-
per extreme a negative charge to the gold leaf elec-
trometer.

If the same ment be made with strong
brine, or a weak acid, it will be found, on bringing
a8 wire communicating with the last copper plate in-
to contact with the first ginc plate, that a spark is
perceptible, and also a slight shock, provided the
number of alteroations be sufficiently numerous.
This is the Voltaic apparatus.

On immersing the wires from the extremss. of this
apparatus into water, it is found that the fluid suffers
decomposition, and that oxygen gas is liberated at
the positive wire or pole, and hydrogen gas at the
negative pole. ‘

All other substances are decomposed with similar
phenomena, the inflammable element being disen-
gaged at the negatively electrical surface; hence it
would appear, upon the principle of similarly electri-
fied bodies repelling each other, and dissimilarly
electrified bodies attracting each other, that the in-
herent or natural electrical state of the inflammable
substances is pesitive, for they are attracted by the
negative or oppositely electrified pole; while the
bodies called
ing principles, are aftracted by the positive pole,
and, therefore, may be considered as possessed of
the tive power.

All bodies which exert powerful chemical agen-
cies upon each other, when freedom of motion is
ven to their particles, render each other opposite-
y electrical when scting as masses. Hence Sir
H. Davy, the great and successful investigator
of this brauch of chemical philosophy, has sup-
posed that electrical and chemical phenomena,

supporters of combustion, or acidify- .

former case upon masses of matter, in the other up-
on its particles.

We refer to the article ErLectriciTy for the
theory of the Voltaic Pile; a subjeot involved in
considerable difficulty. In it the qumm':z of elec-
tricity is always increased by extendi e surface
of the plates, while the infensity rapidly augments
with the increase of the number of alternations.
Both quantity and intensity, in this instance, are
grenly influenced by the chemical action of the

uid upon the plates ; the acid bodies, as possessing
highly opposite states to those of the metals, are
most efficacious ; and, in experiments made with the

t Voltaic apparatus at the Royal Institution, it

as been found that 120 plates, rendered active by 8

mixture of one part of nitric acid, and three of wa-

ter, produced effects equal to 480 plates, rendered
active by 1 part of nitric acid, and 15 of water.

We have as yet no plausible hypothesis concern- Supposed

some referred to the presence of a peculiar fluid
existing in all matter, and exhibitig
phenomena which have been described, whenever its
equilibrium is disturbed, presenting negative and po-
sitive electricity when deficient and when redundant.

Others have plausibly argued for the presence of -

two fluids, distinct from each other. ers have
considered the effects as referable to peculiar exer-
tions of the attractive powers of matter, and have
the existence of any distinct fluid or form
of matter to be as unnecessary to the explanation of
the phenomens, as it is in the question concerning
the cause of gravitation. ‘

‘When the flame of a candle is placed between a

ositive and negative surface, it is urged towards the
Ltter; a circumstance which has been explained up-
on the supposition of a current of electrical #natter
passing from the positive to the negative pole ;—in-
deed, it has been considered as demonstrating the
existence of such a current of matter.®* But if the
flame of phosphorus be substituted for that of a can-
dle, it takes an opposite direction; and, instead of
being attracted towards the negative, it bends to the
positive surface. It has been shown that inflam-
mable bodies are always attracted by negative eur-
faces, and acid bodies, and those in which the sup-
porters of combustion prevail are attracted by posi-
tive surfaces. Hence the flame of the candle throw-
ing off carbon, is directed to the negative pole, while
that of phosphorus goes to the positive, consistently
with the ordinary laws of electro-chcmical attrac-
tion.

There are many experiments which sanction the
idea that electricity is *“ an exhibition of attractive
powers acting in certain combinations.” If we dis-
charge a Leyden phial through a quire of paper, the
perforation is equally burred upon both sides, and not

® Cuthbertson’s Practical Electricity and Galvaniem, P. 104. London, 1807.

itself by the
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frangibilities ; and guided by their colour,—consider- Chemistry.

upon the negative side only, as would have been the
ed their number as seven:—red, orange, yellow, =™~~~/

case if any material body had gone through in that

of e Sl

direction. The power seems to have come from the
centre of the paper, as if one-half of the quire had
been attracted by the positive, and the other by the
negative surface.

In this outline of the history of the powers of mat-
ter, an attempt has been made to draw together, un-
der one point of view, the principal facts required to
render the subsequent parts of this article intelli%ible.
It has been necessary, on many occasions, to refer to
the more extended discussions in the body of this
work ; and, under the heads CRYSTALLIZATION,
CueMIcAL ArrINiTY, HeaT, ELECTRICITY, and
GALVANISM, the reader will find ample materials for
the completion of this sketch, .

PART IL

Of the substances belonging to our globe, some
are of so subtile a nature as to require minute and
delicate investigation to demonstrate their existence ;
they can neither be confined nor submitted to the
usual modes of examination, and are known only in
their states of motion as acting upon our senses, or
as producing changes in the more gross forms of
matter. They have been included under the gene-
ral term of ETHERIAL or IMPONDERABLE MATTER,
which, as it produces different phenomena, must be
considered as differing either in its nature or affec-
tions. Respecting the nature of these phenomena,
two opinions have been entertained, and each ably
supported. It has been supposed by Huygens and
Descartes, that they arise from vibrations of a rare
elastic medium which fills space ; while Newton has
considered them as resulting from emanations of
particles of matter.

TIY other forms of matter are tangible and pon-
derable, and, therefore, easily susceptible of accu-
rate examination ; they may be considered as re-
sulting from the mutual agencies of heat and attrac-
tion, and are comprehended under the three classes
of Solids, Liguids, and Gases.

RADIANT MATTER.

In considering the phenomena of radiant matter
as connected Wigl chemistry, its mechanical proper-
ties must often be necessarily dwelt upon, as import-
antly connected with the changes it effects in the com-
position of bodies. These, however, cannot be mi-
nutely entered into in this place; they will be
found discussed in the body of the work. (See Or-
TICS, &c.) Such points of the inquiry will only be
alluded to as are absolutely necessary to render the
subject intelligible to the Chemist. That a sun-
beam, in passing through a dense medium, gives
rise to a series of brilliant tints similar to those of the
rainbow, was known in the earliest ages, but it re-
quired the sagacity of Newton to develope the cause
of the phenomenon. He proved, that light consists
of rays differing from each other in their relative re-

green, blue, indigo, and violet. Of these rays, the
red being least refrangible, falls nearest that spot
which the ray would have passed to, had it not
been refracted, while the violet ray being most re-
frangible, is thrown to the greatest distance,—the
intermediate rays possess mean degrees of refrangi-
bility. These differently coloured rays are not sus-
cegtible of further decomposition, by any number of
refractions, but when they are collected into a focus
they reproduce white light. Upon these phenomena
is founded the Newtonian theory of colours.

If a solar beam be refracted by a prism, and the
coloured image received upon a sheet of paper, it
will be found, on moving the hand gently through
it, that there is an evident increase of temperature
towards the red ray. This fact seems to have been
first noticed by Dr Hutton (Dissertation on Light
and Heat, p. 39); but it is to Dr Herschel (Philos.
T'rans. 1800) that we are indebted for a full inves-
tigation of the subject. If the coloured rays be
thrown successively upon delicate thermometers, it
will be found, that if the heating power of the violet
rays be considered = 16, that of the green rays will
be = 26, and of the red = 55. These circumstances
suggested the possibility of the heating power of the
spectrum extending beyond the red ray; and on
applying a thcrmometer just out of the red ray, and
beyond the limits of the visible spectrum, this was
found to be the case. A thermometer in the red
ray rose 7° in ten minutes, but just beyond the red
ray the rise was — Q% It is evident, therefore, that,
independent of the illuminating rays, there are
others which produce incrcase of temperature, and
these, from their increase towards the red ray, and
from 4ffe spot which they principally occupy in the
refracted congeries, are possessed of less refrangibi-
lity than the visible rays. )

That these calorific rays are susceptibile of refrac-
tion and reflection, is proved by the intense heat pro-
duced when the solar rays are concentrated into a
focus by a lens, or by a concave mirror.

The radiant matter emitted by terrestrial bodies
at high temperatures, agrees in many of its proper-
tics with that constituting the solar rays, but in
others it presents material differences. The investi-
gation of this subject constitutes a beautiful depart-
ment of philosophic inquiry. The effect we perceive
in approaching a fire chiefly results from radiation ;
and is little connected with the immediate conduct-
ing power of the air: and if a concave metallic mir-
ror be held opposite the fire, a heating and luminous
focus will be obtained. The affections of terrestrial
radiant matter are best demonstrated by employing
two concave mirrors of planished tin or plated cop-
per, placed at a distance of about 10 feet asunder.
(Pictet Essais de Phisique.) Under these circum-
stances, when a thermometer is in the focns of one
of the mirrors, it will be found sensible to the effects
of a heated body placed in the focus of the opposed
mirror ; and that the effect is produced by reflection,
and not by mere direct radiation, is proved, either
by drawing the thermometer out of the focus to-
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between the thermometer and its mirror, when dimi-
nution of temperature is in either case indicated.

If the flame of 2 candle be placed in the focus of
one mirror, a heating and luminous focus is obtained
from the other : but if a plate of glass be now inter-
posed between the two mirrors, the rays of heat are
arrested, while those of light freely passing through
the glass, are collected, as usual, in the opposite fo-
cus. This, therefore, proves a difference between
solar and terrestrial heat; the rays of the former
pass through glass without heating it; the rays of
the latter are stopped by glass, and it becomes hot
when opposed to them. (Scheele’s Ezperiments on
Air and Fire.)

In these experiments upon the radiation of terres-
trial heat, the temperature excited by the radiant
matter appears always relative to that of the heated
or radiating body ; and if we assume thut all bodies
are constantly throwing off radiant watter, the
effects of temperature which it produced when con-
densed or collected into a focus by a concave mirror
will bear a relation to the source; for the particles
magebe conceived to move with such velocity as not
to be affected by circumjacent bodies, or by the cir-
cumambient air. Thus, white hot iron produces a
greater effect upon the focal thermometer than that
which is only red hot, and red hot iron causes a
greater effect than hot water—a body of the same
temperature, as the thermometer causes no change
in it, but cold bodies produce an effect of cold, be-

cause the particles which they radiate, when stopped -

by impinging upon the thermometer bulb, are of a
lower temperature. Radiation has by some been ac-
counted for upon the idea of the heated body pro-
ducing undulations in the air, something analogous
to those waves excited by sonorous bodies; but
matter in motion may rather be regarded as the
cause of the effect, and the different phenomena of
prismatic refraction and of solar and terrestrial radia-
tion can only be explained upon such an hypothesis.

Radiation goes on in all elastic media, and in the
Torricellian and air pump vacuum.

It has long heen known in regard to solar rays,
that their heating effect depends much upon the co-
lour of the surfaces upon which they impinge, and
that black and dark bodies are more heated than

Colours and those which are white or of light tints, circumstances

dependent upon absorption and reflection. Professor
Leslie has shown that the phenomena of terrestrial ra-
diation are connected with the nature of the radiat-
ing surface ; and that those surfaces which are the
best radiators of this heat, are also gifted with the
greatest absorbing power. (Leslie on Heat.)

Unmetallic and unpolished surfaces are the best
radiators, and also the best receivers of radiant heat;
while polished metallic substances are the worst ra-
diators, and have the lowest absorbing powers. In
the experiments with the metallic mirrors, the whole
nearly of the heat is reflected, and the mirror itself
does not become warm ; but if it be coated with any
un&olished and especially unmetallic coating, as
wi pa‘;,er, or paint, the radiation is then scarcely
perceptible, and the mirror becomes hot from the
absorption of the radiant matter.

13

In Professor Leslie’s experiments it was found, that Chemistry.

a clean metallic surface produced an effect =12 upon
the thermometer. When covered with a thin coat
of glue, its radiating power was so far increased as to

roduce an effect = 80; and, on covering it with

amp-black, it became = 100.

In these cases of radiation the colour of the sur-
face does not interfere, and the different effects must
be referred to the mechanical structure of the radia-
ting surface.  White paper and lamp-black pro-
duce nearly the same effects, and paper coloured blue,
red, yellow, and green, dees not, differ in radiating
power from that which is white, provided the colour
produces no change of texture in the paper.

The connection of the receptive with the radia-
ting power is made obvious by coating the bulbs of
thermometers with different substances. Thus, the
effect of radiant heat upon a thermometer bulb cover-
ed with a thin coating of lamp-black being = 100;
when the bulb is covered with silver-leaf the effect
is only = 12.

Radiant matter possesses considerable influence
over the chemical energies of bodies. If equal
volumes of the gases called chlorine and hydro-
gen be exposed in a dark room, they slowly com-
bine, and produce muriatic acid gas ; but if they be
exposed to the direct rays of the qun, the combina-
tion is very rapid, and often accompanied by an ex-
plosion.

Chlorine and carbonic oxide have scarcely any
tendency to combine even at high temperature when
light is excluded, but exposed to the solar rays they
enter into chemical union. Chlorine has little action
upon water, unless exposed to light, and, in that
case, the water which consists of oxygen and hydro-
gen is decomposed. The hydrogen unites with the
chlorine to preduce muriatic acid, and the oxygen
is evolved and combined in a gaseous form.

These, and numerous other similar cases which
might be adduced,show that radiant matter influences
the chemical energies of bodies, independent of its
heating powers. Scheele ( Ezperiments on Airand Fire,

. 78, &c.) was the first who entered upon this curious
investigation ; and-many important facts connected
with it have been more lately ascertained by Ritter,
Wollaston, and Davy. Scheele threw the prismatic
spectrum upon a sheet of paper, moistened with a
solution of nitrate of silver, a salt quickly decom-
posed by the agency of light. In the blue and violet
rays the silver was soon reduced, producing a black--
ness upon the paper, but in the red ray scarcely any
similar effect was observed. Wollaston and Ritter
discovered that these chemical changes were most
rapidly effected in the s‘pnce which bounds the violet
ray, and which is out of the visible spectrum,

It has thus been ascertained, that the solar beams
are refrangible into three distinct kinds of rays,—
the calonfic, or heating rays; the colorific rays
which produce colour; the decomposing rays, or
those which have a tendency to interfere with the
chemical constitution of bodies.

In the prismatic spectrum these three sets of rays
are imperfectly separated, and arranged aecording
to their respective refrangibilities. The heating rays
are the least refrangible, the colorific rays are pos.
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m semed of more refrangibility, and the chemical, or, as  Stahl and bis' associates, to a.pecn_liar principle Chemistry.
seme have called them, the deoxidizing rays, are the which they called phlogiston : it was supposed to ex- ™y’

most refrangible.
8ir H. Davy has ebserved, that certain metallic
oxides, when expased to the wolet extremity of the
prismatic spectrum, undergo a change similar to that
which wauld have been produced by exposure to
a curzent of hydrogen; and that, when expased to
the red rays, they acquire a tendency to absorb oxy-
gen. (Elemenis of Chemical Phiosophy.) In such
ﬁl::‘nl facts, be traces an analogy between the ef-
of the solar beam, and the agencies of elec-
tricity. In she Voltaic circuit, the maximum of
heat is at the pesitive pole, where the power of
combining with oxygen is also given to bodies;
the agency of renderiug bodies inflammable is ex-
erted at the . ite surface, and similar ¢hemical
effects are produced by negative electricity, and by
the most refrangible rays, and by pesitive electricity,
and the rays which are least refrangible.

PART Il

Having thus repidly explained the laws of Attrac-
tion, Heat, and Electricity, and the phenomena exhi-
bited by Radiant Matter, we proceed to the Elemen-
tary or Undecompounded Bodies and their mutual
combinations. These bodies are between fifty and
sixty in pumber ; four are gaseous, and the remainder
solids : there are ne o;:ge liquids. They may be
arranged under three b :

1. Acidifying Supporters. of Combustion.

R. Aci le Combustibles.

8. Motals. :

The first division includes three substances.

1. Oxygen.
2. Chionine.

8. Iodine.

1. Ozygen. (From osug ysnaus, producer of acids.)

This elementary gaseous body may be obtained
by beating to redness, in a glass retort, the selt call-
ed Oxymuriate of Potash, 100 grains of which yield
abuut 100 cubig:l inches; it may be collected over
water in the hydro-pneumatic apparatus. (See Cux-
M182RY, Encycl.) p; is also ag“m off fgrom black
oxide of manganese, red oxide of lead, or nitre
when exposed to a red heat. It was discovered by
Dr Priestley- in the year 1774. (Priestley an Asr,
Vol. IL 154.)

- Oxygen gas is insipid, coleurless, and inodorous ;
its specific gravity is 15, hydrogen being assumed
== 1. 100 cubical inches at mean temperature and
pressure weigh 33.75 grains It is a powerful sup-
porter of respiration and cembustion. A small ani-
mal confined in oxygen ges, lives thrice as loag as
mconﬁnedint eumebulkot;oomonnir. A
i taper, or a burning piece of sulphur, or phos-
rus introduced into tlllgs ges, is vnrl;h repidly cen-
sumed, with intense ignhion.

The phenomena of combustion were referred by

ist in all combustibles, and combustion was said to
depend upon its separation; but this explanation
was absurdly at variance with the well known fact,
that bodies during combustion increase in weight.

After the discovery of oxygen gas, it was ted
by Lavoisier as the universal supporter of combus-
tion. The basis of the gas was supposed to unite to
the combustible, and the heat and light which it be-
fore contained in the gaseous state, were &aid to be
evolved in the form of flame. But in this case, se-
veral requisites are not fulfilled; the light depends
upon the combustible, and not upon the quantity of
oxygen consumed ; and there are very numerous in-
stances of combustion in which oxygen, instead of
being solidified, becomes gaseous during the opera-
tion; and, lastly, in others, no oxygen whatever is
present. Combustion, therefore, caunot be regard-
ed as dependent upon any peculiar principle or form
of matter, but must be considered as a general re-
sult of intense chemical action. It may be cennect-
ed with the electrical energies of bodies; for all bo-
dies which powerfully act upon each other, are in
the opposite electrical states of positive and nega-
tive ; and the evolution of heatmcrﬁ:ht may depend
upon the annibilation of these opposite states, which
happens whenever they combine.

2. Chiorine. (From xAwgos, greenish yellow.)

To abtain this gas, a mixture of black oxide of
manganese and muriatic acid may be heated over a
lamp in a glass retort. It is seon copiously evolved,
and may be conveniently collected over warm wa-
ter; as it is absorbed by cold water, it cannot bhe
long retained over that fluid.

It may also be procured in the same way from a
mixtare of 8 parts of common salt, 8 of black oxide
of manganese, 4 of water, and 5 of sulphuric acid.

Chlorine was discovered by Scheele in 1774; it
was called by him dephlegisticated muriatic acid.
The term oxymuriatic acid was afverwards applied
to it by the French chemists.

Chlorine is a permanently elastic fluid ;
it has a pungent and disagreeable , and is high-
ly injurious when respired, even laxgely diluted with
atmospheric air. Its colour is greenish yellow.

The specific gravity of chlorine, composed with hy-
drogen, is as 88,5 to 1; 101 cubic inches weigh 75,376
i At the temperature of 60°, water dissolves
two volumes of chlorine. The solution is of a pale yel-
low colour, has au astringent nauseous taste, and de-
stroys vegetable colours, theugh the gas itself, when
pe ly free from molsture, has scarcely any action
upon them. Whea a burning taper is immersed in
a jar of chlorine, the brilliancy of the flame is much
impaired, it becomes red, throws of wmueh charcoal,
nns is soon extinguished. Many baodics, such as
orus and several of the metals, are spoata-

neously ignited by chblorine, and bura in it with
much brilliangy. In these cases, bisary eompounds
result, some of which, kke those of oxygen, are pos-

semsed .of acid properties, Others axe not acid, and
1l .
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Chemistry. such compounds with oxygen, being called orides, condense in the form of opaque crystals, having a Chentistzy.
those which chlorine forms ;nay be termed chio- metallic lastre, N~/

rides. *

Chlorine was once regarded as compozed of oxy-
gen and muriatic acid, a fallacy arising from the pre-
sence of water, and which will be rendered more in-
teHigible under the head Mavriatic Acid. (See Davy’s
Paper, Phil. Trans. 1811.)

Chlorine and oxygen unite in two proportions,
forming an oxide and an acid. '

Otxide of Chlorine or Euchlorine, so called by its
discoverer, Sir H. Davy (Phil. Trans. 1815), from
its very deep celour, may be obtained as follows.
Upon 10 or 12 grains of the salt called oxymuriate
of potash, drop a small quantity of sulphuric acid,
and stir the mixture with a platinum knife, havin
so adjusted the relative quantities of salt and acid,
that they may form together a yellow powder. Put
this into a very small retort or bent tube, and by a
water bath, apply a temperature of 150°. Euchlo-
rine will pass off, and may be collected over quick-
silver in small jars, or tubes. The smell of this gas
somewhat resembles that of chlorine, but is much
Tess irritating and disagreeable. Its taste is astrin-
gent, and not at all acid. When gently heated, it
18 decomposed with explosion and expansion,—two
volumes are enlarged into three, of which two con-
sist of oxygen, and one of chlorine ; it is therefore
composed of 88,5 parts by weight of chlorine com-
bined with 80 of oxygen.

Chloric acid. In the compound which has been
thus called by its discoverer M. Gay-Lussac (A4n-
nales de Chimie, tom. 91, p. 108), the relative pro-
portions of chlorine to oxygen are to each other
as 33,5 to 87,5; but it is 8 compound which cannot
exist, independent of water or some base, and, there-
fore, may be compared to the sulphuric acid. It maK
be prepared by passing a current of chlorine, thro
& mixture of oxide ol;g silver + and water. Chloride
of silver is produced, which is insoluble, and may be
.ﬁrued filtration. The excess of chlorine
which the filtered liquor centains is separable by
_bheat, and the chloric acid dissolved in water re-

mains. [t is 8 sour colourless liquid, producing pe-

culiar compounds afterwards to be Sescribe . It

forms no precipitate in any metallic solution. Its

compounds may be called chlorates. The most re-

markable of them have been long known under the
pame of Ozymuriates.

8. Iodine. (From widng, vickscens.)

Iodine is procured by the following process: Lixi-
viate powdered kelp with cold water. Evaporate the
lixivium till & pellicle forms, and set aside to ¢
tallize. Evaporate the mother liquor nearly to g;:
ness, and pour upon the mass its weight of sul-
phuric acid. Apply a gentle heat to this mixture in
& glass alembic ; fumes of a violet colour arise and

This body was discovered in 1812 by M. Courtois
of Paris. Vauquelin ( Anmales de Chimie, t. 90),
Gay-Lussac (15. 91), and Davy ( Phdl. Trans. 1814),
have successtully investigated its pr ies.
t.Jo(lim; has ';’It:lui;h black colour; its lustre is me-

ic. It is eoft and friable. Its specific gravity ==
4.946. It produces a yellow stain upon the skin,
Its smell resembles that of diluted chlorine ; its taste
acid. It is extremely volatile, and, at & temperature
between 60° and 80°, produces a violet vapour. At
1R0° or 130° it rises more rapidly. At 220° it fuses,
and prodaces copious violet-coloured fumes, which
eondense in brilliant plates, and acute octoédrons.
Like ehlorine and oxygen, it is electro-negative ; and
ﬂaerdv olm:npﬂem by the positive surface of the

Oxiodic acid (Davy, Phd. Trans. 1815). This com-
pound of oxygen and iodine cannot be obtained di-
rectly, for those bodies exert no mutual action. It
is procured by actiog upon euchlorine by iodine. A
liquid is formed, wii consists of chloriodic and
oxiodic acids. The former is separable by a gentle
heat, the latter remains as a white, scmitransparent,
sour, and inodorous body, very soluble in water, It
consists of 117 iodine, 87,5 oxygen.

Chloriodic acid is easily obtained by the direct ac-
tion of chlorine upon ioéne. They unite and form
crystals of a deep orange colour, deli t, and
easily fusible and soluble. The solution is sour.
'l:his compound contains 117 iodine, 83,5 chlo-
rine,

The second division of undecompounded sub-
stances includes those which are acidifisble and eom-
bustible. These are,

1. Hydrogen.

2. Nitrogen.

8. Sulphur.

4. Phosphocus,

5. Carbon.

6. Boron.

1. Hydrogen. (From vdwg, &c. the base of water.)

Hy was first duly examined by Mr Caven-
dish (Hugﬂ Tram“.l:bol. 56). dh is obtained by act~
ing upon dilute sulphuric aci zinc filings, and b
of el:p methods tly to be :thed y

It is an aériform fluid, not abeorbable by water.
It bas no taste, a slightly disagreeable smell, and
may be respired for a short time, though it is instant.
ly fatal to smal animals. Ft is the lightest body
known; and we t!;ret;me cwnﬁveniemly assume it as
unity in speaki € specific gravity of as
wellyn in rd‘er:l’;lg to tb?e propogrti‘:)myin which bo-
dies combine, 100 cubic inches weigh at mean tem-
perature and pressure 2,25 grains. It is inflamma-

* Sir H. Davy designates these compounds by the terminations ane and ana.
+ Prepared by precipitating the solution of nitrate of silver with lme-water.
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. Chemistry. ble, and extinguishes flame, When pure, it burns

quietly with a lambent blue flame at the surface in
contact with air, but if mixed with thrice its volume
of air, it burns rapidly, and with detonation.

Hydrogen and Ozygen—When two volumes of
hydrogen gas are mixed with one volume of oxy-
gen gas, and the mixture inflamed in a proper ap-
paratus by the electric spark, the gases totally disap-
pear, and the interior of the vessel is covered with
drops of pure water, equal in weight to that of the
gases consumed.

If pure water be exposed to the action of Voltaic
electricity, it is resolved into two volumes of hydro-

n, disengaged at the negative pole, and one vo-
ume of oxygen, disengaged at the positive.pole ; so
that water is thus proved by synthesis, and by ana-
lysis, to consist of two volumes of hydrogen, com-
bined with one volume of oxygen. The specific
gravity of hydrogen compared with oxygen, is as 1
to 15 ; therefore the component parts of water by
weight are,

1 hydrogen,
7,5 oxygen.
Representative } —8.5
numberof water § —

0. water

or thus, lil 1,5 8,5,

‘The mechanical and other properties of water are
discussed at length in the body of the work. Its com-
position was discovered by Mr Cavendish in 1781.

Hydrogen and Chlorine—~When equal volumes
of these gases are mixed, and exposed to light,
they combine, and produce & sour compound, com-
monly called muriatic acid gas ; or, in conformity
to more modern nomenclature, hydrockloric acid gas.
The best mode of showing the composition of mu-
rigtic acid, is to introduce into a small but strong
glass vessel a mixture of the two gases, and to in-
flame them by the electric spark; no change of
volume ensues, and muriatic gas results. This com-
pound may be decom by the action of several

" of the metals. Potassium, for instance, absorbs the

chlorine, and the hydrogen is evolved ; and muriatic
acid gas thus affords half its volume of hydrogen.
As the specific gravity of hydrogen to chlorine is a3
1 to 88,5, muriatic acid will consist of 1 hydrogen 4
33,5 chlorine, and its representative number will be
34,5.

Muriatic Acid.|

1 38,5 84,5

Mouriatic acid may also be readil ‘rocured by act- Chemistry.
y y P y ,

ing upon common salt by sulphuric acid, the evolved
gas must be received over mercury. It was first ob-
tained pure by Dr Priestley, but its composition was
discovered by Scheele, andy has since been most ably
investigated by Davy. Muriatic acid gas extinguishes
flame ; it is sour and acrid. Jts specific gravity,
compared with hydrogen, is = 17,25 to 1. 100 cubic
inches = 89,5 grains. It is greedily absorbed by
water, which takes up 480 times its bulk, and has its
specific gravity increased from 1 to 1,210. Thus
dissolved in water, it forms the liquid muriatic acid
or spirit of salt, and may easily be procured by dis-
tilling a mixture of dilute sulphuric acid and com-
mon salt.

Hydrogen and Iodine exert a slow action under
ordinary circumstances ; but when iodine is present-
ed to nascent hydrogen, they readily unite, and pro-
duce a gaseous acid, the Aydriodic acid. It is pre-
pared by the action of moist iodine upon phosphorus,
and must be received over mercury. It is colour-
less, very sour, and emells like muriatic acid. Its
specific gravity to hydrogen is as 60,7 to 1. It is
instantly decomposed by chlorine, which produces
muriatic acid, and the blue vapour of iodine is ren-
dered evident.

It consists of - - 1 hydrogen,
117 iodine,

Hydriodic acid = 118

2. Nitrogen. (i. e. produce of nitric acid.)

This was firet recognised as a distinct aériform fluid
by Dr Rutherford in 1772. (Thesis, De aere Me-

phitico.) It may be obtained by heating phosphorus

in a confined portion of dry atmospheric air, which
is a mixture of nitrogen a.n?oxygen; the phosphorus
absorbs the latter, and the former gas remains. After
repeated washing with lime-water, it may be consi-

" dered as pure.

. 100 cubic inches weigh 29,25 grains; so that its spe-
cific gravity, compared with hydrogen, is as 18 to 1.
It is tasteless, inodorous, and msoluble in water. It
does not support combustion, and is fatal to animals ;
hence was called azote. It is not inflammable ; but
when its compounds are submitted to Voltaic decom-
position, it is attracted by the negative pole.

Nitrogen and Ozygen.—These bodies unite in four
proportions, and ferm the compounds called,

1. Nitrous oxide.

2. Nitric oxide.

8. Nitrous acid.

4. Nitric acid.

Nitrous ozxide may be obtained by distilling nitrate
of ammonia at a temperature of about 420°. The
gas which passes off may be collected over water,
and is nitrous ozide. 100 cubic inches weigh 46,125
grains ; its specific gravity, therefore, to hydrogen
18 as 20,5 to 1. The taste of this gas is sweet, and
its smell peculiar, but agreeable. Its singular effects
resembling intoxication when respired, were first as-
certained by Sir H. Davy. It supports combus-.

10
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nittic oxide with ote volume of oxygen, the gases Chemistry.

Chemistry. tion. Tt is easily absorbed by water, which takes up

about its own bulk.

The best analysis of this gas is effected by deto-
nation with hydrogen ; one volume of nitrous oxide

uires one volume of hydrogen. This mixture,
fired by the electric spark, produces water, and one
volume of nitrogen remaias. Now, as one volume of
hydrogen takes one-half volume of oxygen to form
water, nitrous oxide must consist of two volumes of
nitrogen and one volume of oxygen ; these three vo-
lumes being so condensed in consequence of chemi-
cal union, as only to fill the space of two volumes.
The specific gravity of nitrogen, compared with
oxygen, is as 13 to 15 ; nitrous oxide, therefore, con-

sists of - - - 13 Nitrogen.
7,5 Oxygen.
Number for nitrous oxide, 20,5
. Oxygen. Nitrous ‘
or, |Nitrogeny 7.5 | | o 1ige.
13 20,5

Nitric Oxide is usually obtained by presenting
certain substances to nitric acid, which abstract a
portion of its oxygen, leaving the remaining ele-
ment in such proportion as to constitute the gas in
question ; for this purpose, some copper filings ma;
be put into a gas bottle with nitric acid diluted wi
thrice its bulk of water; an action ensues, red fumes
are produced, and there is a copious evolution of the
gas, which may be collected and preserved over wa-

ter. This gas is presently recognised by the red
fumes which it produces when brought into the con-
tact of air.

It extinguishes most burning bodies, but phospho-

rus readily burns in it. Its specific gravity to hy-
drogen is as 14 to 1. 100 cubic inches weigh =
81,5 gnm.
It does not detonate when mixed with oxygen, and
subjected to the electric spark ; but it may be decom-
posed by the action of some of the metals at high
temperatures, which absorb its oxygen. One vo-
lume of nitric oxide is thus resolved into equal vo-
lumes of oxy and nitrogen. If, therefore, we
call nitrous oxide a compound of 1 proportion of ni«
trogen - 1 oxygen, then nitric oxide may be con-
sidered as consisting of 1 nitrogen 4 2 oxygen, or
by weight, 13 nitrogen 4 15 oxygen, and its symbol
will stand thus:

Nitrogen. Oxygen.

7.5 _ Nitric oxide.
18 w5 | 28.

Nitrous Acid Gas.—When nitric oxide is present-
ed to oxygen, the two gases combine, and a new
?hleom compound of a deep orange colour results.

is compound is not easily examined, because it is
absorbed both by quicksilver and water, so that we
are obliged to resort to exhausted glass vessels for
its production,. When we thus mix two volumes of

VOL. 111. PART 1.

become condensed to about half their origi
lumes, and form nitrous acid gas. This gas supports
the combustion of the taper, of phosphorus, and of
charcoal, but extinguishes sulphur. It is readily ab-
sorbed by water, forming a green sour liquid. Its
specific gravity to hydrogen is as 28,6 to 1, and
100 cubic inches — 64,48 grains. .

It is obvious that this nitrous acid gas must con-
sist of 18 nitrogen -
30 oxygen, and, there-
fore, its number is 43,
for nitric oxide is com-

. Oxygen.
Nitrogen. 7,5

posed of equal volumes 13 7.5

of ni n and oxy- 30
gen,and one additional 7,5

volume of oxygen, or

two proportions by 7,5

weight are added to
form nitrous acid.

Nitric Acid.—The fourth compound of nitrogen
with oxygen is the nitric acid; the naturé of which
was first demonstrated by Mr Cavendish in 17835.
(Phil. Trans.) It is usually obtained from nitre,
three parts of which are distiﬁed with. two of sulphu-
ric acid.

The nitric acid is a colourless liquid, extremely
sour and corrosive. Its specific gravity is 1,42; it
always contains water, which modifies its specific
gravity. At 250° it boils and distils over without
change. At 40° it congeals. It absorbs water from
the air, and its bulk is thus increased, while its s
cific gravity is diminished. It is usually coloured by
nitrous acid gas.

Nitric acid in its dry state, that is, as it exists
combined with me-

tallic oxides, ma Nitrogen.] Oxygen.
be ded as comy- "f,% )
of one propor- 18
tion of nitrogen = 7.5
18, and 5 of oxygen
= 87,5,and this will 7,5 > 87,5
be the symbol repre-
senting its composi- 7,5
tion.
|

C uently, the representative number of di
nitric acna is 50,5. But in its liquid state it nlng
contains water, and when, in this state, its specific
gravity is 1,5, it may be regarded as a compound of
one proportion of dry acid and two of water, and this
may be numerically expressed thus:

Acid. Water.
50,5 + 17 = 67,5 liquid acid.
spe. grav, 1,3,
Nityomuriatic Acid—This term has been applied
to the Aqua Regia of the alchemists. When nitric and-
muriatic acids are mixed, they become yellow, and ac-
xxire the power of readily dissolvirig gold, which nei-
er of the acids :d separately. This mixture
evolves chlorine, a partial decomposition of both acids
having taken place,and water, chlorine, and nitrqusacid
(4
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thus produced ; that is, the hydrogen of the  Ammonia and Chlorine~—When these gases are Chemisry.
] Hbsseseg. o mixed, a partial decomposition of the former ensues, ™y’

18
Chemistry. g8s,

“~= muriatic acid abstracts oxygen from the nitric to form

water. The result must be chlorine and nitrous acid.
(Davy, Journal of Sciences and the Arts, Vol. L p. 67.)

Nitrogen and Chlorine.—~These do net unite
directly, but the compound may be obtained by ex-
posing a solution of nitrate or muriate of ammona
to the action of chlorine, at a temperature of 60° ar
70°. The gas is absorbed, and an oil-like fluid, hea-
vier than water, is produced. It was discovered by
M. Dulong. (Annales de Chimse, Vol. LXXXV.)
Its specific gravity is 1,6; it is not congealed by
cold. This substance is dangerously explosive, and
is decomposed with violent detonation by many com-
bustibles, especially phosphorus, and fixed oils. Alco-
hol quietly changes
it into a white sub-
stance. Mercury ab-
sorbs the chlorine, .
and evolves nitrogen.
1t yields, by decom-
position, 1 volume
of nitrogen and 4
of chlorine; and as
the specific gravity
of nitrogen to chlo-
rine is as 13 to 33,5,
#0 it may be said to
consist of 1 propor-
tion of nitrogen 4- 4
proporﬁ«;‘m of é:hlo-
rine, or 18 4 184 by
weight, and its num-
ber will be 147.

Nitrogen and Iodine—~A compound of these bo-
dies may be procured by pouring a solution of am-
monia upon a very small quantity of iedine. Hydri~
odicdwd is d:m: product, and the other a brown

wder, whi etonates upon the slightest touch,
E:d is resolved into nitrogenP:nd iodine. .

Mitrogen and Hydrogen— Ammonia or Volatile Al-
cali~—This gaseous compound may be obtaimed by
heating a mixture of quicklime and muriate of am-
monia. It must be collected over mercury. Itisa
permanently elastic gas at common temperatures, ex-
tremely pungent and acrid, but when diluted by
mixture with common air, agreeably stimulant. ‘It
converts most vegetable blues to green, and the yel-
lows to red, properties which belong to the bodies
called alcalies. Ammonia, therefore, has been term-
ed volatile alcali.

Its specific gravity to hydrogen is as 8 to 1—100
cubical inches weighing 18 grains. It extinguishes
flame, but forms an inflammable mixture with com-
mon air and with oxygen.

Water at the temperature of 50° takes up 670
times its volume of ammonia; its bulk is increased,
and specific gravity diminished ; that of a saturated
solution is 0,875, water being 1,000. Ammonia
may be decomposed by detonation with oxygen ;
also by passing it through a red hot iren tube. It
yields one volume of nitrogen and three of hydrogen,
and therefore consists by weight of 18 nitrogen 8 -
bydrogen, and its zepresentative aumber is 16.

Nitrogen.| Chlorine.

18 83,5 |

38,5

s 134

83,5

88,5 |

On wixing 15 parts of chiorine and 40 of ammonia,
heat and light are evolved; 5 parte of nitrogen are
liberated, and muriate of ammonia is formed.
Ammonia and Muriatic Acid—Mouriate of Ame
monia— Sal Ammoniac.—This salt may be produced
directly by mixing equal volumes of ammonia and
muriatic acid, when an entire condensation ensues.

The specific gravity of Mur.
ammonia to muriatic acid Ammo. Acid. -
is as 16. to 84,5, therefore, 16
muriate of ammonia eon- 84,5

sists of 84,5 muriatic acid
4 16 ammonia.

Ammonia and Nitric Acide— Nitrate of Ammonia——
This salt may be procured by the direct union of
ammonia with nitric acid—or more easily by satu-
rating dilute nitric acid with carbonate of ammonia.
It has been mentioned as the source of nitrous oxide,
and when heated is entirely resolved into that gas
and water. It consists of one proportion of nitric
acid = 50,5 4 one proportion of ammonia = 16,
and therefore the representative number of the ni-
trate of ammonia is 66,5. Or it may be considered
as containing 2 proportions of nitrogen, 3 of hydro-
gen, and 5 of oxygen, as the following symbols show :

Nitric Acid.
Nitrogen.| Oxygen.
7,5 |
13
.15
»5 L sy54505
7,6 ‘ Nilut.o?
Acid. Ammo. Ammo.
75 |) 505 + 16 = 66,5.
Ammonia.
Nitrogen.| Hydrog. |_
18 - 1
1 * 8 = 16.
1

Nitrous oxide consists of 1 proportion of nitrogen
=18 + 1 of oxygen = 7,5; hence the tweo propar-
tions of ni m the salt (1 in the acid end 1 in
the ammonia) will require twe of oxyges to produce

nitrous oxide, mdt.hclarennningéiof oxygen will
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flavour, and reddens the ity of v le Chemistry.
blues. If sulphur be b ‘in oxytgyén, sulphurous

Chemistry. unite to the 8 of hydrogen, and form water. And
\&™/% accordingly nitrous oxide and water are the only

possible results ; so that the elements, after the de-
composition of the salt, are arranged thus:

Nitrogen] Oxygen. | )
18 7.6

> = Nitraus oxide.

[Nitrogen.| Oxygen.
18 7.5

Hydreg. | Oxygen. |

7,5
l — g §

Hydrog. | Oxygen.

1 7.8 > == Water.
LHydwg. Oxygen.
1 7,5

-

ic Air may be considered as 8 mjxture
of 21 cent. of oxygen with T9 of nitrogen ; 100
cubical inches at men;frmnre and temperature
weigh 30,195 grains, its specific gravity com-
pared with hydrogen is as 18,42 to 1.
8. Sulphur.

A substance of a pale yellow colour, insipid and
inodorous, but exhaling a peculiar smell when heat-
ed. Ks specific gn::y is 1,990. It is principally
a mineral preduct, occurs crystallized, its pri-
mitive form being a very acute octogédron, with an
oblique base. en sulphur is heated to about
1:@° it volatilizes, and its peculiar odour is strong
and disagreeable ; at 225° it liquefies ; between 850°
and 400° it becomes viscid, and of a deep brown co-
Jour; and at about 600° it quickly sublimes. When
slowly cooled after fusion, it forms a fibrous crystal-
h%:ﬁ' i ds with chl
‘ ur forms compounds with oxygen, chlorine,
ivdine, and hydrogen.

Sulphur and Ogygen—To oxygen it unites in two
proportions, giving rise to the compounds, sulphur-
ous and sulphuric acid. Sulphurous acid, or, as it
should rather be called, sulphurous oxide, is a gaseous
body, which may be obtained by several proccsses.
It may be procured directly by burning sulphur in
oXygen gas, or indirectl{:y heating mercury in sul-
phuric acid. It must collected and presetved
over mercury, for water takes up rather more than
30 times its bulk of this gas, forming the liquid sul-
phburous acid, which, when recently prepared, has a
sulphureous astringent taste, and destroys many ve-
getable colowrs ; but by keeping it acquires a sour

.other, but moisture

acid is produced, without any change in the volume
of the 8o that its composition is easily learned
b{ the mcrease of weight ; and as 100 cubic inches
of oxygen (weighing 38,75 grains) dissolve 33,75
grains of sulphur, it is obvious that the sulphurous
acid is composed of equal weights of sulphur and
oxygen ; and if we Tregard it as conmsisting of two
proportions of oxygen and one of sulphur, the latter
element will be represented by the number 15; and
the sulphurous acid, consisting of 1 dproportion of
sulphur = 15, and 2 proportions of axy, =
15, will be represented by 80, which is also its
relative specific gravity to' hydrogen, consider-
ing the latter as — 1; 100 cubical inches of sul-
phurous acid gas weigh 67,5 grains. This gas hasa
suffocating nauseous odour, an astringent taste; it
extinguishes flame, and kills animals. When mixed
in equal volume with ammopis, & yellowish salt is
produced, which is a sulphite of ammonia, and which
consists of 60 sulphurous acid 4 16 ammania.

Sulphuric Acid—This bady was formerly obtained
by the distillation of green vitriol, and called oil of'
witriol. It is now procured in this country by burn-
ing a mixture of 8 parts of sulphur and 1 of nitre in.
close chambers containing water, by which the fumes

uced are absorbed, and by evaporation the acid
18 procured in a more concentrated state.

Sulphuric acid, as usually met with, is a limpid
colourless fluid, having a specific gravity of 1,85,—
it boils at 620°, and freezes at 15% It is very acrid
and caustic, and when diluted with water, produces
a very sour liquid. It rapidly gbsorbs water from
the atmosphere, and upen su mixture with wa-
ter produces much heat.

In sulphuric acid 1 preportion of sulphur = 15,
is combined with 8 J»roportions of oxygen — 22,5,
and, consequently, dry sulphurie acid is correctly
represented by 15 4 22,5 = 87,5, but it only ex-
ists in this state (like the nitric and chloric acids)
when .united with bases, and is its ordinary state
contains water, and should, therefore, be called Hy-
drosulphuric Acid. It has been found by experi-
ment, that 100 parts of sulphurie acid, specific gra-
vity 1,9, contain 18,2 of water, consequently, it may
be looked upon as composed of 1 sulphur 4 3 oxy-
gen 4 1 water:

or of 15 sulphur
22,5 oxygen
8,5 water

46 = number for liquid sulphuric acid.

The formation of sulpburic acid by the combus-
tion of sulpbur and nitre is as follows :
The sulphur, by burnjng in contact with atmo.
eric sir, forms rous acid, The nitre gives
nise to the production of nitric oxide, which, with
the oxy'ien of the air, produces mitrous ecid gas.
When these (5. e hurous and nitrous
acids) are perfectly dry, they do not act upon each
ing present in small guantity,
they form a white solid, which i instantly decom-
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Ch-nuuy-’ . posed when put into water; the nitrous acid re-
" verts to the stgte of nitric oxide, having transferred

one additional proportion of oxygen to the sulphur-
ous acid, and, with water, producing the sulphuric
acid ; while the nitrig oxide, by the action of the air,
again affords nitrous acid, which plays the same part
as before.

Sulphurous acid consists of
Sulphur.
15 Oxygen.
L0 15 ; and nitrous acid contains
7,5
Nitrogen. U?"ge"‘
18 7.5 )
80; hence every two portions
.5 of sulphurous acid require
-one oiP nitrous acid, which
7.5 transfers 2wo of oxygen, and
’ passes back into the state of

nitrous ges, sulphuric acid
being, at the same time, produced. The sulphurous
acid and nitrous acid, therefore, before decomposi-

tion, may be thus represented ;
Sulpbur.
15 | Oxygen.
7,5
15
s |}
Sulphur,
Sulphurous acid. -
15 . ulph
bis
7,6
3 o o -
Nitrogen. . x"l’; gen
13 7,5 ’ )
30 ¢ Nitrous acid gas.
7.5 ‘
(1 ]
~And after decomposition as follows :
Salphur.
15 | Oxygen. .
175
76 22,5
Sulphur,] 74 4| _
15 | Oxygen: > Sulphuric acid.
: 7.6
75 |522;5
7.5 ‘

Nitrogen, 0!7y gen.
18 } 15
7,5

Nitric oxide.

The decomposition of sulphuric acid may be ef-
fected by passing it through a red hot platinum tube,
when it is resolved into sulphurous acid, oxygen, and
water. Its uses are numerous and important,

Sulphuric Acid and Ammonig—.S; iphate of Am-
monia—may be obtained by passing ammonia into sul-
fhuric acid, but is usually prepared by saturating di-

ute sulphuric acid with carbonate of ammonia. B
crystallization it affords six sided prisms. This snlyt
is important as a source of the muriate of ammoni
It dissolves in twice its weight of water at 60°, and
cousists of 1 proportion of sulphuric acid = 37,5 4
1 proportion «f ammonia = 16. Its number. there-
fore, 18.53,6. When heated, ammonia is given off,
and a supersulphate remsins, consisting of 2 propore
tions of acid 4 1 of alcali. i

Sulphur and Chiorine— Chioride of Sulphur—
When sulphur is heated in chlorine, it absorbs rather
more than twice its weight of that gas. 10 grains of
sulphur absorb 30 cubic inches of chlorine, and pro-
duce a greenish-yellow liquid, consisting of 15 sulphur
+ 88,5 chlorine, and represented, therefore, by the
number 48,5. It exhales suffocating and irritating
fumes when exposed to the air. Its specific gravity
= 1,6. It does not affect dry vegetable blues ; but
when water is present, instantly reddens them. Sul-
pbur is deposited, and sulphureous, sulphuric, and
muriatic acids are formed in consequence of a decom-
position of the water. :

Sulphur and iodine readily unite, and form a black
crynuﬁl;uble compound.

Sulphur and Hydrogen—Sulphuretted H
Gas.—This gaseous compotmd’:f sulphur ﬁ y-
drogen was discovered by Scheele in 1777. Tt
mn‘i.be obtained by presenting sulphur to nascent
hydrogen, which is the case when sulphuret of iron
is acted upon by dilute sulphuric acid. This gas
may be col ecf.edy over water, though, by agitation,
that fluid aboorbg thrice its bulk. It a fetid
odour. Its specific gravity to hydrogen is as 16 to 1.
100 cubic inches = 36 grains. It extinguishes
flame ; and, when respired, proves fatal. It is very
deleterious, even though y diluted with atmo-
spheric air. When one volume of sulphuretted hydro.
gen, and 1} of oxygen, are inﬂunecr ina detonulns:
tube, 1 volume of ‘sulphurous acid is produced, an
water is formed. Thus the sulphur is transferred
to one volume of the oxygen, and the hydrogen
to the half volume. Sulphuretted hydrogen, there-
fore, consists of 15 sulphur <+ 1 hydrogen, and its
number is 16.

Chlorine and iodine instantly decompose sulphur-
etted hydrogen; sulphur i d?mlted, and hydro-
chleric and hydriodic acids are formed.

Sulphuretted hydrogen and ammonia readily unite
in equal volumes, and produce hyd, uret of
ammonia. At first white ﬁ‘:me- appear, which become
yellow. A yellow crystallized compound results,
consisting of 16 sulphuretted hydrogen, 8 ammonia.

Cheniistry,
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Chemistey. It is of much use as & test for the metals, and may ‘ Acid. It is inodorous, very sour, fixed in the Chemistry.
V"= be -procured by distilling, at nearly a red heat," a fire, and unchanged by heat. As commonly pre- ‘="~

mixture of 6 parts of slacked lime, 2 of muriate of
ammonia, and 1 of sulphur,

There is another coc:found of hydrogen and sul-
phur, which has been called supersulphuretted hydro-
gen. It is & liquid, formed by adding muriatic acid
to a solution of sulphuret of , and appears to
consist of two proportions of sulphur = 30 +4- one
of hydrogen = 1.

Sulphur and nitrogen do not combine. 'Sulpbur
always, in its ordinary state, comtains hydrogen,
which it gives off during the action of various bodies,
for which it bas a powerful attraction,

A. Phosphorus

Is obtained by distilling phosphoric acid with char-.
coal at a red heat. When pure, it is nearly colourless,

semit ent, and flexible. Its specific gravity =

1,770. It melts, when air is excluded, at 105°, If
suddealy cooled after having been heated to 140, it
becomes black ; but if slowly cooled, remains colour-
less. At 500° it boils, and rapidly evaporates.
When exposed to air, it exhales luminous fumes,

having a peculiar alliaceous odour; it is tasteless.

At a temperature of about 109° it takes fire, and

burns with intensé brilliancy, throwing off copious

white fumes. If, instead of burning phosphorus with

free access of air, it be heated in 8 confined portion

of very rare air, it enters into less perfect combus-

tion, and three compounds of phosphorus with oxy-

gen are the result, each characterized by distinct

properties. The first is a red solid, less fusible

than phosphorus; the second is a white substance,

more volatile than phosphorus ; the third a white

and fixed body.

The red solid consists of a mixture of phosphorus
and oxide of phosphorus. Ozide of phosphorus is the
white substance with which phosphorus becomes en-
crusted when kept for some time in water. It is
very inflammable, and less fusible and volatile than
phosphorus.

Phosphorous acid is best procured by mixing chlo-
ride of phosphorus with water, filtering and evaporat-
ing the solution, when a white crystallized solid is
obtained, which is a compound of the phosphorous
acid with water. (See ride of Pzzzvlmm.)

The phosphoric acid may be produced by burning

hosphorns in excess of oxygen. There is intense
Keat- and light produced, and white deliquescent
flocculi line the interior of the receiver. Phos-
phoric acid may also be obtained by acting upon
phosphorus by nitric acid.

The composition of phosphoric acid is learned by
ascertaining the bulk of oxygen absorbed during the
perfect combustion of a given weight of phesphorus,
which is = 4,4 cubic inches for each grain ; so that
100 3nins of phosphorus would require, for conver--
sion into phosphoric acid, 440 cubic inches of oxy-

n = 148,5 grains. Hence phosphoric acid, consi-

as a compound of ene proportion of phospho-

rus, and two proportions of oxygen, will consist of
10 phosphorus +4 15 oxygen.

Phosphoric acid is & deliquescent substance :

‘when fused it has been ealleg Glacial Phosphoric

‘pared, it is an unctuous fluid. Specific gravity = 2.

Phosphite of Ammonia may be obtained in deli-
cate annular crystals, decomposable by heat.

Phosphate of Ammonia is a common ingredient in
the urine of carnivorous animals. It may be obtain-
ed pure by saturating phosphoric acid with ainmo-
nia, and forms crysnﬁ in four-sided prisms.

Phosphorus and Chlorine—~These elements unite
in two proportions, forming two definite compounds,
—the chloride and bichloride of phosphorus. When
phosphorus is submitted to the action of chlorine, it
burns with a pale yellow flame, and produces a
white volatile compound, which attaches itself to the
interior of the vessel. This substance was loog
mistaken for phosphoric acid, but its volatility is
alone sufficient distinction; it rises in vapour. at
200° It is fusible and crystallizable; and when
brought into the contact of water, a mutual decom-
position is effected, and phosphoric and muriatic
acids result. When passed through a red-hot porce-
lain tube with oxygen, phosphoric acid is produ-
ced, and chlorine evolved.

With. ammonia it forms a singular compound,
which, though consisting of three volatile bodies, re~
mains unchanged at a white heat,~—it is insoluble in
water.

When phosphorus is burned in chlorine, one grain
absorbs mine cubic inches; so that the compound
formed must be regarded as the bichloride, and con-
sists of 10 of phosphorus 4 67 of chlorine, and its
number is 77.

The Chloride of Ph , consisting of 10
phosphorus 4- 33,5 chlorine, is procured by distilling
& mixture of and corrosive sublimate,
which is a bichloride of mercury. In this experie
ment calomel, or chloride of mercury, is formed, and.

the phosphorus combines with one proportion of -

chlorine.

The chloride of phosphorus, when first obtained,
is a liquid of & reddish colour; it soon deposites a
portion of phosphorus, however, and becomes limpid
and colourless. Its ific gravity = 1,45. nEx-

to the air it exhales acid fumes: it does not
change the colour of dry vegetable blues. Chlorine.
converts it into bichloride. Ammonia separates.
phosphorus, and produces the singular triple com-
pound before adverted to.

Chioride - of phosphorus acts upon water with
great energy, and produces muriatic and phospho-~
rous acids, while the bichloride produces muriatic
and phosphoric acids : for as in the bichloride there
are two proportions of chlorine, so, in- acting upon
water, two of oxygen must be evolved, which, unit»
ing to one of phosphorus, generate phosphoric acid:
The chloride of phosphorus, on the contrary, con-
taining only one proportion of chlorine, produces
muriatic acid and phosphorous acid, when it decom-
poses water. :

Before decomposition.
Chlorid.

'1.Cnl S5l 1 Hdrog Qe
1 Chlorine = 88,5 1 Hydrog'=1
 § 43,5 1 Oxygen =7,5} 8,5

1 Phospho, = 10
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After deeomposition. Theﬂweepmpordouofoz;uz will re- Chemistry.
.. quire one proportion and a half of phosphorus = 15 ™y~
MX:‘:‘ A to form phosphoric acid, and the remaining balf pro.
1 Chlorine — 88,5 1 Phospo. = 10 portion of phosphorus will unite to the one of bydro-
1 Hydrog. = 1 } 36,5, 1 Oxygen = 17,5 17,5 gen to form hydrophosphoric gas, which conasist of 5 -
~  phesphorus 4 1 hydrogen.

But the phosphorous acid thus produced always
contains water, which it throws off when heated in
ammonia, forming, with that alcali, a dry phosphite,
This experiment shows that the Hgd sphorous
acid consists of 2 proportions of p oxo‘roc‘ml acid
=85 + 1 water = 8,5.

Phosphorus and Iodine—When these substances
are brought together in an exhausted vessel, they
act violently, and form a reddish compound ; it de-

. composes water with great energy, and produces

phosrhorous and hydroiodic acids.
Phosphorus Hydrogen.~—When phosphorus

is presented to nascent hydrogen, two gaseous com-
pounds result. The one inflames spontaneously
upon the contact of the atmosphere. This may
be procured by heating phesphorus in a solution
of caustic potash, or better, by acting upon phos-
phuret of lime by dilute muriatic acad. The
may be oollected over water. It is colourless,
has a nauseous odour like omions, a very bitter
taste, and inflames when mixed with air, a pro-
perty which it loses by being kept over water. For
our knowledge of the properties and composition
of this gas we are chiefly indebted to Dr Thom-
son, who has shown that the hydrogen suffers no
of bulk in upiting to the phoghom; so
that the difference of weight between this gas and
pure l‘:{drogm indicates the weight of phosphorus:
100cubic inches of phosph hydrogen=24,75
grains ; hence the gas may be as contain-
ing ene proportion of phosphorus and one of hydro-
gen, or 10 4 1=11.
The next compound of hovus and

has been called, by Sir H. Davy, hydrophosphoric
gas. Itis procuredy by heati l;)ye lo{id hydraphos-
phorous acid. The gas must be colleated over-mer-
cury. Its specific gravity to h isas 12 to 1.
It is not spontaneously i e, but explodes
when heated with oxygen. It inflames spantaneous-
ly in chlorine. It smell is less di le than the
former. H.h et;)nnm of 2 of hydrogen.and 1 of phos-
phorus 2 4 10=12; but the two volumes of hy-
drogen are condensed into one. 100 cubic inches

%7 grains.

hydrophosphorous acid is decomposed for
the production of this gas, phosphoric acid is always
generated. Hydrophosphorous acid has been stated
te centain two ﬁroponionn .of phosphoraus acid 4
one of water. Hence the elements

= phbospherous acid,

= water,

20 phosphorus
15 oxygen

7,5 do.

1— hydrogen

or 48,5 parts of hydrophosphorous acid contain

20 phospliorus
£8,5 oxygen
1 bydrogen.

thTouvoidﬁ‘acﬁmthepbmmem may be stated
us :

Four proportions of hydrophosphoric acid contain

4 phosphorus = 40.
4 oxygen = 80.
2 &. in the = 15.
2 hydrogen § water = 2

The whole of the oxygen, amounting to 6 propor-
tions (i. e. 7,5 X 6 = 45), unites to three propor-
tions of phesphorus (10 X 3 = 30) to form phosphe-
ric acid. The two of hydrogen —= 2, combine with
the remaining proportion of phospborus = 10 to
form hydrophosphoric gas.

and Nistrogen produce no definite
oom|

Pmru and Sulphur may be readily united by
fusion in an exhausted vessel. When one propartion
of phosphorus is united to one of sulphur (10 4 15),
the compound bears a high temperature without de-
composition.

5. Carbon.

The purest form of this element is the diamond,
straga ; its primitive crysgalline form is the regular
octeédron. Its specific gravity = 3,50.

" Another form of carben is charceal, and of this
the purest variety is lamp-black. Charcael is
sessed of seme very curious properties in to
aheorbing geses, and removing the colour, smell, and
m&c: ogmn vegetable Tu:: animal bodies.

r Ozygen.—There are two com
of carbon and oxygen,—the carbonic oﬁm
the carbonic acid. _

Carbomic Oxide is usually obtained by subjecting
wbonicncidtot:mactim ofﬂltjbm\noeswhchab-
stract & portion of its oxygen, n this principle,
whonicoxidegn‘::m{ucedby ing chalk and
charcaal, or chalk iron or zinc filings. The gas
should be well washed, and may be preserved over
water. Its specific gravity to hydrogen is as 18,2
to 1; 100 cubical inches weighing 29,7 grains. It
is fatgl to apimals, extingui flame, and burns
with a“rde blue lambent light whea mixed with, or
exposed to, atmospheric air. When a stream of
cerhonic oxide is burnt under a dry bell glass of
@ir or axyges, no moisture whatever is deposited.
When #wo valumes of carbonic oxide and oxe of
oxygen are acted on by the electric spark, a detong-
tion ensues, aud iwo volumes of carbonic acid ane
produced. Whence it appears, that carbonic acid
contains just twice as much oxygen as carbonic
oxide. (gub_onic oxide may be considered as 3 com-
pound of one velume of oxygen and one volume of
gaseous carbon, or of ome propertion of carbon and
one of oxygen, the latter being 80 exp; a8 to
ocaupy twe valumes.
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muriatic acid gases. The weight of phosgene to Chemistry.

The representative number of charcoal, as obtain-

e~~~/ ed by considering this gas as a compound of one

proportion of charcoal and one of oxygen, is 5,7 and
5,7 carbon 4 7,5 oxygen = 18,2 carbonic oxide.

Carbonic acid may be obtainedby burning carbon,
either pure charcoal or the diamond, in cxymgm;
the oxygen suffers no change of bulk, so the
composition of carbonic acid is easily learned by
comparing its weight with that of an equal volume
of pure oxygen ; 100 cubic inches of oxygen weigh
33,75 grains; 100 cubic inches of carbonic acid
weigh 46,57 grains; hence 100 cubical inches of
carbonic acid must consist of 33,75 grains of oxygen,
+ 12,82 grains of carbon, and 12,82. 838,75 :5,7.15.
Hence one proportion of charcoal = 5,7 4 2 pro-
portions of oxygen, = 15, will constitute carbonic
acid, represented by the number 20,7.

Carbonic acid is a most abundant natural product ;
the best mode of procuring it for experiment con-
sists in acting upon pounded marble (carbonate of
lime) by dilute muriatic acid. It may be collected
aver water, but must be preserved in vessels with
glass stoppers, since water, at common temperature
and pressure, takes up its own volume : under a pres-
sure of two atmospheres it dissolves twice its vo-
lume, and so on. It becomes brisk and tart; by
freezing, boiling, or exposure to the vacuum of the
air-pump, the gas is given off again.

Carbonic Acid and Ammonia— Carbonate of Am-
moniz.—These gases readily combine, and produce
one of the most useful and best known of the am-
moniacal compounds.

When one volume of carbonic acid and two vo
Jumes of ammonia are mixed io a glass veasel, over
mercury, a complete condensation ensues, and a
subcarbonate of ammonia is produced.

It consists of 16 .
ammors 3 207 |Cyioniel Ame-
carbonic acid, and 20,7
is represented by __ of
36’7. 160 ,-—- 36,7.

If water be present, it so far overcomes the elasti-
city of the gas, as to enable the salt formed to take
up another volume of carbonic acid, and thus a bi-
carbonate is formed.

Subcarbonate of ammonia crystallizes in octoé-
drons, though it is ly met with in eakes bro-
ken out of the subliming vessel, being obtained by
sublimation from a mixture of muriate of ammonia
and chalk. Its odour is pungent ; its taste hot and
saline. A pint of water at 60° dissolves rather less
than 4 ounces ; by exposure to air it loses ammonia,
and becomes a bicarbonate.

Chlorine and carbon do not combine; but chlorine
unites with carbonic oxide, and produces a triple
compound, called by Dr Davy phosgene gas, as it is
most easily produced by exposing a mixture of equal
volumes of chlorine and carbonic oxide to the action
of light. A condensation = 0,5 takes place. The
eompound has a peeulier pungent odour. It is so-

luble in water, and is resolved into carbonic and

hydrogen is as 46,7 to 1. 100 cubical inches weigh
107,075 grains, It condenses four times its volume
of ammoniacal gas, producing a peculiar compound
of a white colour.

Carbon and Hydrogen.—These bodies combiae in
two proportions, and form us compounds, con-
sisting of 1 earbon < 1 hydrogen, and 1 carbon 4 2
hydrogen.

There are several processes by which they may
be’ obtained. The first compound is obtained b
the decomposition of alcohol by sulphuric acid. It
mn:{r:e collected over water ; its specific gravity to
hydrogen is 13,4. 100 cubic inches weigh 30,15
grains.

This gas is inflammable, burning with a brigbt
yellowish white flame. One part by volume requires
for perfect combustion three of oxygen, and two of
carbonic acid result. When sulphur is heated in
one volume of this gas, charcoal separates, and twe
volumes of sulphuretted hydrogen result. As hy-
drogen suffers no change of volume by combining
with sulphur, it follows that carburetted hydrogen
contains two volumes of hydrogen condensed into
oue, hence the quantity of oxygen required for its
consumption.

Before detonation. After detonation.
C. Hyd. | Oxygen. H Oxygen.
ydro- e
5,7 + 1 7:5 gen. 7,5 W‘m‘
75 1
7,5
Carbon.
4,7 |Oxygen.
7,56
Carbonic acid.
7,5

This gas, therefore, is constituted of 1 proportion
of charcoal = 5,7 4 1 proportion of hydrogen =1,
and its number is 6,7.

When this gas is mixed with chlorine in the pro-
portion of 1 to 2 by volume, the mixture on inflam-
mation Xroduces muriatic acid, and charcoal is abun-
dantly deposited ; but if the two gases be mixed in
an exhausted vessel, or over water, they act slowl
upon each other, and a uliar fluid is formec{
which appears like a heavy oil, hence this variety of
carburetted hydrogen has been termed olefiant gas.

The other variety of carburetted hydrogen 13 of-
ten generated in stagnant ponds. It may be pro-
cured by passing the vapour of water over red-hot
charcoal, and washing the gas thus afforded in lime-
water, by which the carbonic acid is separated.
100 cubic inches of this gas weigh only 17,325

ins, se that its specific gravity to hydrogen is 7,7.

t burns with a pale blue flame. It requires for
perfect combustion twice its volume of oxygen; wa.
ter is generated, and one volume of carbonic acid
results, so that it contains only half the' quantity of
carbon existing in the former compound, or it mey
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N\~ drogen.
Before detonation.  After detonation.
Carbon.
'C. Hydr. | Oxygen. Oxygen. | ) Carbo. -
2.85¥l-l 'Iy,g %,85 7.5 acid.
7,5
Oxygen:
Hydro-
gen. 7.5 Water.
1

The hydrogen is in this, as in the former case, con-
densed to half its volume by union with carbon,

This variety of carburetted hydrogen is abundant
in many coal mines, when it is often productive of
terrible explosion, and known under the name of
fire-damp. .

There are many vegetable and animal substances,
which, when submitted to destructive distillation,
ﬁeld, a?ong other r:d:cts, a mx'}tl:li:e of the two

inds of carburet! ydrogen. is especially
the case with pit-coal, the gas from which is import-
antly employed for the purposes of illumination,

Carbon and Nitrogen—Carburet of Nitrogen—
Cyanogen.—This gaseous compound was discovered
in 1815 by Gay-iuuac. It may be obtained by
gently heatizg the Prussiate of mercury. The gas
evolved must be collected over mercury. It hasa
penetrating and very peculiar smell ; it burns with a

urple flame. Its specific gravity to hydrogen is
24,4 : 100 cubic inches weighing 54,9 grains. Wa-
ter dissolves 4,5 volumes, and alcohol 23 volumes of
this gas. It reddens vegetable blues. It may be
analyzed by detonation with oxygen. One volume
detonated with two of oxygen produces two volumes
of carbonic acid, and one of pitrogen, Whenge it
appears that cyanogen consists of two proportians
of carbon = 11,4, and one of nitrogen = 13, the
nitrogen having suffered no change of bulk by unit-

ing with the carbon,—or it may be said to consist of Chemistry.

2 volumes of gaseous carbon 4 1 volume of nitro-
gen, the 3 being condensed into 1 volume.

Before detonation. After detonation.
Cyano- | Carbonic
gen. | Oxygen. Nitrogen.] Acid.
C. N. 13 s ]
11,4418 15 g 0 | =
st
15 38

Cyanogen combines with hydrogen, and produces
a triple compound, the Hydrocyanic or Prussic acid.
It may be o!l;t:ined by moistening prussiate of mer-
cury with mauriatic acid, and distilling at a low tem-
perature, having surrounded the receiver with ice.
A liquid is thus obtained which has a strong pungent
odour, very like that of bitter almonds; its taste is
acrid, and it is highly poisonous. It volatilizes so
rapidly as to freeze itself. It reddens litmus. The

ific gravity of its vapour, compared with hydro-
gen, is 13,7, so that 100 cubic inches = 28,575
grains ; detonated with oxygen it gives as results one
volume of carbonic acid gas, half a volume of hydro-
gen, and half a volume of nitrogen, so that it con-
sists of 1 volume of cyanogen + 1 volume of hy-
drogen.

Carbon and Sulphur— Sulphuret of Carbon.—This
is a liquid obtained by passing sulphur over red-hot
charcoal. When pure, it is transparent and colour-
less. It is very volatile, and has a pungent taste and

uliar fetid odour. It is inflammable, and, when

urned with oxygen, produces sulphurous and car-

bonic acids. It consists of one proportion of char-
coal and two of sulphur; 5,7 4 30=235,7.

6. Boron

Is obtained by the action of potassium on boracic
acid, which appears to consist of 5,5 boron 4 15

oxygen,

TuBuLan ViEw of the Substances described in the First and Second Divisions of Part IIL., and of their
Compounds, showing their Specific Gravities, Representation, Numbers, and Composition.

. 100 Cub. In. | Bpecific Gravity compared to
SUBSTANCES. weigh | Hydrogen. .:'h Water. l‘Numbu. Composition.
- 83.75 15 1.117 7.5
- n15.8375 338.5 |[2496 88.5
- 71.4375 | 81.75 |2.865 63.5 {30 oxy. 4 83.5 chl.
- 71. [87.5 oxy.+ 88.5 chl
- 264.9875 |117.75 |8.774 | 4.948 | 117.75 L
. 155.25/37.5 oxy. < 117.75. iodine,
- 225 1 0745 1
. 1 8.5 |7.6 og.-l- 1 hy.
- 38.8125 | 17.25 {1.285 . 34.5 [38.5 chl. 41 hy.
- 1.21 480 vol; of
- 188.5987 | 59.875|4.424 1 18.75ill'l.75 iode4-1 by.
. - 29.85 18 19687 | 18




CHEMISTRY.

‘ 100 Cub. In. SpedﬁcGnﬁqumdtoL‘

SUBSTANCES. weigh | Hydrogen.| Air. ) Water. [Number. Composition.
Nitrous oxide - 46.125 | 20.5 |1.527 20.5 [18 nit. 4 7.5 oxy.
Nitric oxide - - 51.5- 14 1.043 28  |I8 nit. 415 oxy.
Nitrous acid - 64.485 28.66 |2.1856 | 43 |13 nit. 4 80 oxy.
Nitric acid - 50.5 |13 nit. 4 37.5 oxy.
Hydro-nitric acid - 1.5 67.5 150.5 nit. ac. 4+ 17 w,
Common air - 30.195 | 1842 |1 21 oxy. + 79 n.
Chloride of nitrogen - 1.6 |147 |18 n. 4 134 chlo.
Iode of nitrogen .
Ammonia - 18. 8 5961 16 |18 n.4 3 hy.
——— solution - 875 670 volumes.
Chlorate of ammonia -
Oxiodate of ammonia -
Chloriodate of ammonia - .
Muriate of ammonia - 145 | 50.5 |16 am. 4 34.5 m. a.
Hydriodate of ammonia - 184.75(16 am. 4 118.75 hy.
Nitrite of ammonia -
Nitrate of ammonia - 1.5785| 66.5 |16 am.4 50.5 n. a.
Sulphur - - 1.99 15
Sulphurous acid - 67.5 30 2.2854 80 |15 sul.4-15 oxy.
Hydro-sulphuro-itric oxide _
Sulphite of ammonia - 76. |16 am. 4 60 sul. acid.
Sulphuric acid - 87.5 |15 sul. 4 22.5 oxy.
Hydro-sulphuric acid - 1.9 46 [37.5 8. a. 4 85 water.
Glacial sulphuric acid -
Sulphate of ammonia - 58.5 [87.5 5. a. 4 16 am.
Sulphurane, or chloride of sulphur 1.6 | 48.5 (15 sul. 4 38.5 chl.
Iode of sulphur -
Sulphuretted hydro . 86 16 1.1922 16 [15sul. 4 1 hy.
Hydroguretted sulphur -
Hydrosulpharet of ammonia 48 26.h, 4 16 am.
Phosphorus - - L77 | 10
Oxide of phosphorus - 27.5 RO P, 4 7.5 oxy.
Phosphorous acid - 17.5 |10 P. 4 7.5 oxy.
Hydrophosphorous acid - 43.5 [35 P. a. 4 8.5 water.
Phosphite of ammonia -
Phosphoric acid - 2.85 | 25 |10 P. 415 oxy.
Phosphate of ammonia .
Chloride of phosphorus - 1.45 | 48.5 [10P.4 38, 5 chl.
Bichloride of phosphorus - 77 |10 P.4-67 chl.
Ammoniaeo-bi‘éhlorideofphocphom
Iode of phosphorus -
Hydro-phosphoric gas - 27 12 8942 12 |P. 10+ hy. 2.
Phosphuretted hydrogen - 24.75 11 .81 11 (P.104-hy. .
Sulphuret of phosphorus - 85 |P. 20 4 sul. 15.
Carbon (Diamond) - 8.5 5.7 :
Carbonic oxide - - 29.7 132 | 9836 18.2 [Carb. 5.7 4 oxy. 7.5.
Phosgene gus - 107.075 | 46.7 |3.48 46.7 [C. 0. 18.2 - chl. 33.5,
Carbonic acid - - 46.575 | 20.7 |1.5425 20.7 [Carb. 5.7 4 oxy. 15.
Carbonate of ammonis - 86.7 |C. a. 20.7 4 am. 16.
Bicarbonate of ammonia - 57.4 |C. a. 41.4 4 am, 16.
Carburetted hydrogen - 17.325 7.7 578 7.7 |Carb. 5.7 4 hy. 2.
Bicarburetted hydrogen - 80.15 138.4 9985 6.7 |Carb. 5.7 4 hy. 1.
Olefiant ether - 1.2201| 46.9 |Olef. 18.4 4 chl. 83.5.
C - - 54.9 244 1.818 24.4 [Carb. 11.4 4-n. 18.
Chloro-cyanic acid - 65.18375 | 28.95 [2.1572 57.9 |Cy. 24.4 4 ch.83.5.
Hydro-cyanic acid - 28.576 | 127 | .7058‘ 25.4 |Carb.11.44-azol. 184-hy.1.
Hydro-cyanate of ammonia 9463
Sulphuret of carbon . 1.272 | 85.7 [Carb. 5.7 < sul. 30..
Phosphuret of carbon -
Boron - - 5.5
Boracic acid - - 1.808 | 0.5 [B. 5.5 4 oxy. 15.
Hydro-boracic acid - 1.479 |87.5 |B.a.20.54-w.17.
Borate of ammonia (Hydro) 58.5 |B.a.20.5' 4 am. 16 w17,
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CHEMISTRY.

The third division of indecompounded bedies em-
braces the Metals. Their -general -pr ies, and
those of their most important

-few exceptions, amply detailed -in the'body of the
required

work. On the present occasion, it will be

_to notice those of more recent discovery, and point

out the apptications of the law of proportions to their

.various combinations.

Chemists have adopted different principles of sub-
division in regard to the metals, sometimes founding
:them upon their mechanical,-ard ‘sometimes upon
their chemical qualities. ‘In the former case, malle-
or tenacity, have been selected as
fusibility and the

leading characters; in the latter,
i characters for

action of heat and air 'have furnished
-classification.

In the t state of our knowledge, it seems
:that the relative attractions of the metals for oxygen
ymay be most usefully and scientifically assumed as
the basis of arrangement, and they may be thus
-classified under five heads.

The first embraces those metals which neither ab-
sorb oxygen nor ‘decompose water at any tempera-
ture; tien' oxides are reducible at a heat below
-redness.

1. Gold.

2. Silver.

8. Platinum.

4. Palladium.

5. Rhodium.

‘6. Iridium.

The second division contains metals which, when
‘heated to a certain temperature, absorb and retain
:;:ygen; at higher temperatures they again give it

1. Osmium.
2. Mercury.
8. Lead.

4. Nickel.

The metals of the third division absorb oxy,
even when at a temperature above redness. Tﬁ:;
are incapable of decomposing water at any tempera-
ture,

1. Arsenic.

2. Molybdenum.
8. Chrome.

4. Tungsten.
.5, Columbium.
6. Antimony.

Acidifiable metals.

' 7. Uranium,

8. Cerium.

9. Cobalt.
10. Titanium.
11. Bismuth.

12. per.
18. %:ﬁmium.

The metals of the fourth division absorb oxygen

_ even at high temperatures, and, when heated to red-

ness, are capable of decomposing water.

" 1. Iron.
2. Tin.

Chesiney.

- 8. Zinc.
-~

4. Manganese.
The fifth class includes metals which absorb oxy«

gen, and which rapidly decompose water, at all tem-
peratures.

1. Potassium.
2. Sodium.

3. Barrum,

4. Strontium,
5. Calclum.

6. Magnuesium.

The sixth class includes bodies which, by analogy
are considered metallic, but of which the QXE

have not hitherto been reduced.

1. Silicium.
2. Alumium.
8. Zirconium.
4. Ittrium.

5. Gluciu.m.

It appears from this statement that the metals are

thirty-eight in number.
If we arrantge the metals according to their speci-

fic gravities, they stand as follows :
1. Platinum, . . 21.00
2. Gold, . . . 19.90
8. Tungsten, . . 17.50
4. Mercury, - . 18.50
5- um,‘ . . 11.50
6. Lead, . . . 11.35
7. Silver, . . 10.50
8. Bismuth, . . 9.80
9. Uranium, . . 9.00
10. Copper, . . 8.90 ™
11. Arsenic, . . 8.36
12. Nickel, . . 8.25
18. Cobalt, . . 8.00
14. Iron, . . . 7.78
15. Molybdenum, . N 7.40
16. Tin, R . . 7.90
l7o Zinc, LY . . 7m
18. Manganese, . . 6.85
19. Antimony, . . 6.70
20. Tellurium, . . 6.10
21. Sodium, . . 0972
22. Potassium, . . 0.865

It will be seen, therefore, that the metals include
the heaviest and lightest solids. Of the remaining
met:lds, the specific gravities have not been ascer-
tained.

1. Gold.

Gold occurs in nature in a metallic state, alieyod
with a little silver or copper; it may.be obtaimed
pure by disselving it in nitro-muriatic acid, evapo-
rating the solution to dryness, redissolving the dry
mess in distilled water, filtering, and addiog to it a
solution of sulphate of iron; a black powder fals,
which, after having been washed with dilute muristic
acid and distilled water, affords on fusion a butten of
pure gold.
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Chemistty,  Pure gold is of & deep yellow colour. 1t meits as
N\ 5 bright red heat, and, when in fasion, appears of a

brilliant green colour. It shows no tendency to
unite to oxygen when exposed to its action in'a state
of fusion; but if an electric discharge be passed
a very fine wire of gold, a purple powder is
produced, which has been considered ax an axide.

Oxzide of Gold may be obtained by adding a so-
lution of potash to a solution of chloride of gald ; the
precipitate must be washed first with weak solution of
potash, and then with water, and dried at a tempera.
ture of 100°. If this be regarded as a protoxide, that
_ is, a8 consisting of 1 proportion of gald }- 1 of oxygen,
then the number 97 will represent gold, and this axide
will consist of 97 gold 4 7,5 oxygen == 104,5.

Chloride of Gold.—When goid in a state of minute
division is heated in chlorine, a compound of a deep
yellow colour results, which consists of 97 gold +
38,5 chlorine. When acted upon by water, a muri.
ate of gold is produced.

The action of iodine in gold has scarcely been
examined,

Niirate of Gold~—~The nitric acid has searcely
any action upon- gold, but it readily dissolves the
oxide, forming a yellow styptic deliquescent salt.

Fulmsinating Gold.—This campound is obtained by
adding ammonia to a solution of muriate of gold. It
is a yellow powder, which, when gently heated, ex.
plodes with some violence. The results of its de-

ition are metallic gold, water, and nitrogen.

Sdfﬂ#q}"Gdditpmrdbng su?nr-
etted ydrﬁen through an aqueeus solution of mu.
riate of gold. It is a black substance consisting of
97 homrsolulpm.

et of Gold is obtained by heating gold
loaf with phospharus, in a tube deprived of ur.solt
is a grey substance of a metallic lustre, and comsists

of 97 gold 4- 20 phosphorus.

, Silver.

Silver occurs in nature pure, and alloyed with
gold, astimony, arsenie, and bi combined

with sulphur, and with chlerine, and in some triple
combinations, such as the sulphuret of arsenic and
silver, and of amtimony and silver.

To obtain pure silver, the metal as it occurs in
commerce may be dissolved in nitric aeid ; selution
of-common salt is added to that of silver, as long as
it causes a precipitate—which is to be washed, dried;,
and ignited with twice its weight of subcarbonate of

, button of pure silver is thus procured.

Silver is a white metal, and when in fusion, very
brilliant. It'melts-at 8 cherry. red heat, and is not
oxidized.by. exposure to air.

Oxide. of Silver mmy be precured by adding a sola-
tion of barytes to one of nitrate of silver; a
powder i:yrecipitaud, which, when washed and-dried,
consists of 102-silver - 7,5 oxygen.

Chloride of Silver is obtained by addiag solutien
of chiesine, or of musiatic aeid, te nitrate of silver.
It is.white, and fusible by a gentlo heas.into a semi-

t mase-(Luna Cornes). It consiste of 102
silver. 4. 38,5 chlorine.

Fuiminoting: Silver is-a compennd of ammonia and

ISTRY.

pos

oxide of silver, more vielent in its operation than Chemistry.
\a—

fulminating. gold.

Nitrate of Silver.—The nitric acid diluted with 3
or 4 parts of water readily oxidiges and dissolves sil
ver, and by evaporation a crystallized nitrate of sil-
ver is obtained, consissing of 109,5 oxide of silver
4 50,5 nitrie acid. .

Sulphuret ‘h’f Silver is obtained by the action of
sulphuretted hydrogen upon an aqueous solution of
nitrate of silver ; it is of a dark grey colour, and often
found in silver mines. It consists of 102 silver 4
15 sulphur.

Sulphate of Silver is & white salt which crystallizes
in fine needles, very difficuitly soluble in water. It
is procured by adding nitrate of silver to sulphate of

and then falle as a white precipitate. It easily
dissolves in sulphuric and nitric acids, and in ammo-
nis,(.l 1t consists of 109,5 oxide 4 87,5 sulphuric
acid.

Phosphate of Silver, a pale yellow compound ob-
tained by pouring phosphoric acid into nitrate of
silver. It is insoluble in water, but dissolves in phos-
phoric acid.

Carbonate of Silver is-formed by adding solution
of casbonate of potash to mitrate of silver. It is of 8
pale yellow coleur, but, like most other salts of silver,
blackens when exposed to light. It consists of 109,5
oxide 4 20,7 acid.

Cyanuret of Sibver~—A white compound obtained
by adding prussiate (hydrocyanate) of potash to nie.
trate of silver.

Borate of Silver.—An insoluble white powder.

Pilatinum
- Is found in small grains in South America, con-

fined to alluvial strata: The pure metal may be obe
tained by dissolving crude platinum in nitro-muristic

acid, end precipiating by a solution of mmriate of

ammonia. This first precipitate is dissolved in nitro-
muriatic acid, and again precipitated as before.
The second precipitate is heated white hot, and pure

platinum remains. It is a white metal, extremely
difficult of fusion, and unaltered by the joint action

of heat and air.

Oxide of Platinum is procured by adding excess of

potash to muriate of platinum. It falls as a black
powder, compueed of 92 metal 4 7,5 oxygen.

Chloride of Platinum may be formed by hesting

the muriate in close vesseis. It has not been parti-
oulerly examined, '
Muvriate of Platinum is obtained by evaporating
the nitro-muriatic solution ; it is acrid, deliquescent,
and difficaltly crystallizable. It forms a triple com«
with ammonis, ot difficul¢ solubility. ’
Swulphuret of Platinum is formed by heating the
divided metal with sulphur in close vessels. It
is & bluck, brittle compeuad, and consists of 92 pla-
tinurm 4~ 15 sulphur,
The tour- following metals have been discovered in

the ore of platinum by Dr Wollasten and Mr Ten-..

nant.
Palladium -and Rhodium.

These metals are obtained as follews: Dissolve -
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Chemistry. crude platinum in nitro-muriatic acid, precipitate by

CHEMISTRY.

one of chlorine == 38.5, and the bichloride or zorro- Chemistry.
sive sublimate, consisting of one proportion of mer- ™ %

sal-ammoniac, and filter. ‘The filtered liquor may con-
tain iron, copper, lead, gold, platinum, palladium,
and rhodium. Immerse a plate of iron, which will
precipitate all the above metals except iron ; digest
this precipitate in dilute nitric acid, which will dis-
solve the lead and copper; then in nitro-muriatic
acid, which takes up platinum, palladium, and rho-
dium ; add to this solution some common salt, which
forms triple compounds with the three metals. Al-
cohol dissolves two of these, and leaves the triple
salt of rhodium; this is to be dissolved in water, and
a plate of zinc' immersed into the solution, which
precipitates metallic rhodium.

Rhodium is characterized by the rose colour of
many of its salts. It is not precipitated either by
muriate or hydrosulphuret of ammonia.

The triple salts of palladium and of platinum may
be decomposed by prussiate of potash, which throws
down the former, and from which the metal may be
obtained by ignition.

Palladium is a white metal, malleable and ductile.

Iridium.

When the ore of platinum is digested in nitro-mu-
riatic acid, there remains a black powder, which,
when alternately acted upon by muriatic acid and
soda, is for the most part dissolved. The acid solu-
tion contains iridium, and by evaporation and ex
sure to heat, the metal is obtained. Its colour is that
of platinum ; it appears almost infusible. Its com-
binations have not been examined with precision.

Osmium.

Osmium is contained in the alcaline solution just
alluded to. It may be obtained by distilling it with
a little sulphuric acid. Its oxide over dissolv-
ed in water, from which solution it may be separated
by mercury.

Osmium has a peculiar smell like new bread.
Acids do notact upon it. Alcalies readily dissolve it.
Tincture of galls added to its solution produces a
vivid blue colour.

Mercury.

The principal ore of this metal is the sulphuret,
or native cinnabar, from which the mercury is sepa-
rated by distillation with quicklime, or iron filings.

Meroury is a brilliant white metal, with a tint of
blue. It is liquid at all common temperatures, solid
at 40° and gaseous at 670°.

Mercury and Oxygen.—There are two oxides of
wercury. 1. The black, or protoxyde, may be obtain-
ed by long agitation of the metal in contact with
oxygen, or by washing the chloride of mercury (ca-
lomel) with hot lime-water. It is -insipid, and con-
sists of 190 M 47,5 oxygen. - 2. The red, or per-
oxide of mercury, is produced by exposing the me-
tal heated nearly to its boiling point to the action of
air. It becomes coated with red scales, spangles,
and crystals, which consist of 190 mercury 4 15 oxy-
gen.

Chlorides of Me .—This metal also forms two
compounds with chlorine ; the chloride or calomel,
composed of one proportion of mercury = 190 +

cury and two of chlerine, or 190 4 67. These
compounds, and especially the former, are most im-
portant pharmaceutical preparations. In the Lon-
don Pharmacopeia, they are very improperly term-
ed submuriate and oxymuriate of mercury.

Chloride of Mercury, or calomel, is produced by ex-
posing to heat, in proper subliming vessels, a mixture
of common salt and sulphate of mercury. Upon the
large scale, the following are the best proportions : 50
Ibs. of mercury are boiled with 701bs. of sulphuric acid
to dryness in a cast-iron vessel. 62 lbs. of the dry
salt are triturated with 40} lbs. of mercury, until the
globules disappear, and 34 lbs. of common sait are
then added. This mixture is submitted to heat in
earthen vessels, and from 95 to 100 lbs. of calomel
are the result. It is to be washed in large quantities
of distilled water, after having been ground to a fine
powder.

Calome] is a white crystallizable compound, inso-

luble in water, and unaltered by exposure to air;

I to light, it becomes brown.
%m of M , or corrosive sublimate.—
When mercury is heated in chlorine, the metal burns
with a white flame, and, combining with the gas, pro-
duces a white sublimate of bichloride ; but the fol-
lowing procees is usually adopted for the preparation
of tll’)i compound : 5 parts of sulphuric acid are
boiled with 4 of mercury to dryness ; the dry massis
reduced to powder, and mixed with 4 parts of com-
mon salt, and 1 of black oxide of manganese. This
mixture is put into 8 glass subliming vessel, and gra-
dually heated to redness. The bichloride rises in the
form of a white semi t crystalline mass.
Corrosive sublimate has a disgustingly nauseous and
astringent flavour, and is highly poisonous. At the
temperature of 60°, it is soluble in 20 of wa-
ter, and at 212° in about 3 parts. Alcohol dissolves
nearly its own weight. With muriate of ammonia it
produces a very soluble compound.

Mercury and Iodine produce a compound of a
brilliant acarlet colour, or yellow with excess of mer-
wy.

Mercury and Nitric Acid—The results of the ac-
tion of nitric acid upon mercury vary with the cir-
cumstances under which it has taken place. If ex-
cess of mercury be exposed to the action of dilute
nitric acid, the metal is protoxidized, and the solution
affords white prismatic crystals of an acrid and me-

,tallic taste. These are the nitrate of mercury. When

put into water they are resolved into supernitrate,
which dissolves, and into subnilrate, which is an in-
soluble yellow powder. The solution of nitrate of
mercury furnishes a black ipitate of oxide with
solution of potash, and a white precipitate of chlo-
ride with solution of common salt.

When nitric acid diluted with 4 parts of water is
boiled on mercury, the acid being in excess, the me-
tal is converted into peroxide, and a compound of
nitric acid and peroxide of mercury, or an ozynitrate
of mercury is formed. By evaporation i
crystals, of a very acid taste, are obtained, which,
by water, are resolved into a soluble superosynitrate,
and into an insoluble yello': subosynitrate.




CHEMISTRY.

Chemistry.  Mercury and Sulphur.—When these bodies are
‘e’ triturated together, a black powder results called

formerly Ethiops mineral. When ten parts of mer-
cury are heated in a matrass with one of sulphur,
there is considerable action attended by ignition,
and a violet coloured compound results, which af-
fords, by sublimation, a crystalline mass, becoming,
when reduced to powder, of a fine red hue. This is
Sulphuret of Mercury, Cinnabar, or Vermillion. It
is tasteless, insoluble in water, and consists of 190 M.
+ 30 8.

Mercury and Sulphuric Acid.—Sulphate of Mer-
cury is an imsoluble white salt, obtained by adding
sulphuric acid to a solution of nitrate of mercury.
Ozysulphate of Mercury is formed by boiling the
metal with the acid; it is peroxidized and dissolved ;
sulphurous acid is evolved, and a white crystallized
mass remains. When this salt is put into water it is
resolved into a Superozysulphate, and into an inso-
luble Subozysulphate of a yellow colour, and for-
merly called Turpeth mineral.

Phosphuret of Mercury is formed by heating phos-
horus strongly with carﬁmel; it is of a brown co-
our. Phosphate of Mercury is obtained by adding

phosphate of soda to nitrate of mercury; it is white
and insoluble in excess of acid. The Oxyphosphate
of Mercury is soluble in excess of acid.

Carbonate of Mercury—Carbonate of potash fur-
nishes a yellow precipitate in solution of nitrate of
mercury.

Mercury and Cyanogen.—The compound hitherto
called Prussiate of Mercury consists, according to
M. Gay-Lussac, of 80 mercury 4+ 20 cyanogen.
This compound, when distilled with muriatic acid,
affords the hydrocyanic (prussic) acid. (See M. Gay-
Lussac’s Memoir Annales de Chimie, T. 98, p. 144,
ann. 1815.)

Lead.

The natural compounds of this metal are very
numerous. The most important is the sulphuret,
whence the pure metal is chiefly procured. It is
also found combined with carbonic, sulphuric, phos-
phoric, arsenic, molybdic, and chromic acids, and
with oxygen and chiorine. To obtain lead perfect-
ly pure, it may be dissolved in nitric acid,—the so-
lution evaporated to dryness,—the dry mass redis-
solved in water and crystallized;—the crystals heat-
ed strongly with charcoal afford the metal quite pure.

Lead is of a bluish white tint,—it melts at 600°,
and by the united action of heat and air is readily
converted into an oxide.

Oxzides of Lead.—There are three oxides of lead.
The ﬁ:mmde (massicot) is the basis of the salts; it
may be obtained by heating the nitrate of lead to
redness in a close vessel. It is insipid and insolu-
ble in water,—of a pale yellow colour, and when
fused crystallizes on cooling in irregular scales (li-
tharge). It is very soluble in potash and soda, and
when in fusion it readily dissolves several of the
earthy bodies. If it be considered as a protoxide
consisting of one proportion of lead and one of oxy-
gen, then the number 97 will represent lead, and it
will consist of 97 L. 4 7,5 oxygen.

If the protoxide be ex to heat and oxygen,
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it mdml}iy acquires a bright red colour, and is Chemirry.:

known under the name of Minium, or deutoside of
lead. This oxide, when exposed to nitric acid, is
resolved into protoxide, which is dissolved, and into

tde, which is an insoluble brown substance, con-
sisting of 97 L. 4 15 oxygen. Minium affords on
analysis 97 L. 4 11,25 oxygen, and may, therefore,
be regarded as a definite compound of tI{e protoxide
and peroxide.

Lead and Chlorine.—Chloride of lead. When
laminated lead is heated in chlorine, the gas is ab-
sorbed, and a chloride of lead results, composed of
97 L. 4 83,5 C. Tihre same substance is obtained
by adding muriatic acid to nitrate of lead; it is white
and fusible, and on cooling forms a horn-like sub-
stance (plumbum corneum). It dissolves in 22 parts
of water at 60°.

Nitrate of Lead—obtained by dissolving the metal
in dilute nitric acid, and evaporation. The salt crys~
tallizes in tetraédra and octoédra. It is soluble in
8 parts of water at 212°. It consists of 104,5 oxide
of lead 4 50,5 nitric acid.

Lead and Sulphur readily combine and form a
sulphuret of lead, com of 97 L. 4+ 15 8.

Sulphate of Lead is a white insoluble compound,
containing 104,5 oxide of lead 4 87,5 sulphuric
acid. It is formed by adding dilute sulphuric acid
to nitrate of lead.

- Phosphate of Lead is a yellow insoluble compound
obtained by adding phosphoric acid to nitrate of
lead. It consists of 104,5 oxide 4 25 acid.

Carbonate of Lead is an important compound, en
account of its use in the arts; it is commonly called
White Lead. It is formed by adding carbonate of
potash to nitrate of lead, when a white precipitate
falls, consisting of 104,5 oxide 4 20,7 carbonic
acid.

Nickel.

Nickel is found native, combined with arsenic, and
with arsenic acid. It is procured pure by the fol-
lowing process : Dissolve the metal sold under the
name of nickel in dilute nitric acid to saturation,
and evaporate to dryness ; redissolve in water, and
add nitrate of lead sufficient to |l):ecipitate the arse-
nic acid; filter, and immerse a plate of iron to sepa-
rate copper; filter again, and add solution of car-
bonate of potash; wash the precipitate thus occa-
sioned, and put it, while moist, into liquid ammonia,
which dissolves the oxides of nickel and cobalt, leav-
ing impurities to be separated by a filter ; add pot-
n:E to the ammoniacal solution, which precipitates the
oxide of nickel, and which, by ignition with char-
coal, affords a globule of the pure metal. Nickel is
a white metal, which acts upon the magnetic needle,
and is itself capable of becoming a8 magnet. It is
very difficultly fusible, but absorbs oxygen readily
when heated red-hot.

Oside of Nickel is_obtained by adding potash to
the solution of the nitrate—a zrecipiuu: falls of a
pale n colour, which is a Aydrate or compound
of oxide of nickel with water,—this heated to red-
ness, affords a grey oxide, consisting of 55,5 vickel
+ 15 oxygen. . .

When nickel is heated in chlorine, 8 chloride re-
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Chemistry. guits. This compound may also be obtained by heat-

" those of cobalt.

ing muriate of nickel to redness in a glass tube;—a-

low scaly body is obtained, consisting of 55,5
nickel 4 67 chlorine.

Nitrate of Nickel is a deliquescent diﬂcultl{ T
tallizable seit. The ml?lmle may be formed by dis-
solving the oxide in dilute sulphuric acid ; it crys-
tallises in four-sided prisms of a beautiful green.
(For an elaborate account of the combinations of
nickel, see Annales de Chimie, 1816.)

Arsenic.

Arsenic exists in nature nearly pure, and frequent-
ly occurs combined with other metallic substances.

The pure metal is obtained by heating a mixture
of charcoal and white arsenic in a tube or retort,—it
sublimes in small brilliant scales. Arsenic isa very in-
flammable, fusible, and volatile metal, and when heat-
ed in contact with the air, produces white fumes of a
peculiar alliaceous odour.—It is highly poisonous in.
all its combinations.

Arsenic and Ozygen combine in two J)roportions,
and produce compounds which have acid properties,
—they have consequently been termed the arsenious
«and arsenic acids.

Arsenious Acid or White Arsenic is chiefly ob-
tained by syblimation from certain ores, especially
It is met with in commerce as a
semitransparent brittle body, of an acrid nauseous
taste, soluble in 80 parts of water at 60°. The solu-
tion reddens vegetable blues,—it is equally soluble.
ir alcohol. It is composed of 45 arsenic 4 15 oxy-

n. It combines with metallic oxides, and pro-

wces a class of salts which have been termed arse-
nites. Some of these are produced by adding the
solution of white arsenic to that of the other metal-
lic oxide ; others are best formed by adding solution
of arsenite of potash to the other metallic salts.

Arsenic Acid is obtained by distilling four parts of
nitric acid and one of arsenious acid to dryness.
The white mass which remains is more sour and so-
luble than the white arsenic, and it constitutes a dif-
ferent set of salts, which are called arseniates. It
consists of 45 arsenic 4 22,5 oxygen.

The arsenious acid forms uncrystallizable com-

unds with the alcalies. The arsenite of ammonia
18 easily formed by digesting finely powdered white
arsenic in solution of ammonia. The arsenites of

h and soda may be formed in the same way.

The soluble arseniates, on the other hand, are
crystallizable. The arseniate of ammonia forms
rhomboidal crystals. Neither the salts of gold nor
those of platinum furnish any precipitates with the
acids of arsenic, nor with the arseniate or arsenite
of potash. Silver is precipitated white by arsenite
of potash ; but the solution of arsenious acid renders
solution of nitrate of silver slightly turbid only. Ar-
senic acid, on the contrary, produces a copious red-
dish brown precipitate in solution of nitrate of silver,
which is arseniate of silver. The arsenious acid forms
dirty white precipitates in the solutions of nitrate and:
oxynitrate of mercury. The arsenic acid produces
no precipitate in either, but the arseniate of potash a-
yellowish precipitate in both.

Nitrate of lead furnishes no precipitate with arse-

nious acid : but thomeniteofpotuhbmawhite Chemisiry

arsenile of lead. The arsenic acid, and the arseniate
of potash, added to solution of nitrate of lead, in-
stantly form insoluble white precipitates of arseniate
of lead.

f'l‘he arseniate of nickel is a very pale green preci-
pitate obtained by adding arseniate of potash te ni.
trate of nickel. The arsenite of nickel has the same
appearance.

Arsenic and Chlorine act upon each other with
great energy,—the metal burns, the gas is absorbed,
and a chioride of arsenic results, having at first the
appearance of white fumes, which condense into a
thick fluid, volatile and caustic, and which at a low
temperature congeals. (Butter of arsenic.) It con-
sists of 45 arsenic + 67 chlorine. When mixed with
water it affords muriate of arsenic.

Arsenic and Iodine, when heated together, pro-
duce a red sublimate, which, acted upon by water,
farnishes hydriodic and arsenic acids.

Arsenic and Hydrogen—When an alloy of arse-
nic and potassium is thrown isto water, a brown Ay-
druret of arsenic results. When arsenic is presented
to nascent hydrogen, as when a mixture of white ar.
senic and zinc filings is exposed to the action of di-
lute sulphuric acid, the metal is dissolved by the gas,
and we thus obtain the arsenuretted hydrogen gas.
It may be collected and preserved over water. The
composition, and consequently the specific gravity of
this gus, vary,—and no accurate results have hither-
to been obtained concerning it. When inflamed in
contact with air, it produces white oxide of arsenie
and water, and hydruret of arsenic is deposited upon
the vessels. When chiorine is allowed to bubble up
into this gas standing over water, inflammation fre-
quently occurs,—hydruret of arsenic is deposited,
and chloride of arsenic formed. When decomposed,
one volume of arsenuretted hydregen appears to af-
ford 1,5 volumes of hydrogen.

There are two sulphurets of arsenic, the one of &
bright red colour, called Realgar,—the other yellow;
and known in commerce under the name of Orpimeat.

The sulphuric acid dissolves the amenious acid,
and forms a difficultly soluble sulphate of arsenss.

Alloys.—With gold, platinum, and silver, arsenic
forms brittle compounds of comperatively essy fu-
sion,—it amalgamates with mercury, produces a
brittle alloy with lead, and with nickel forms a red-
dish compound. The latter metal is indeed general+
ly found alloyed with arsenic.

Molybdenum.

The sulphuret is the most common natural compound
of this metal. To procure the metal the native sul-
phuret is powdered and exposed under a red-hes
muflle, till.converted into a grey powdsr, which is to
be digested in: ammonia, and the solution: filsered
and evaporsted to dryness. The residuum: is dis~
solved in nitric acid, reevaposated:to dryvess, and
violensly heated with charcoal. The mstal.is of &
whitish” grey colour, and of excessively difficuls
fusion.

Molybdenum and Ozygen, when expesed tx heas,
and oxygen molybdnm'zgeis acidified, & whise crys-
talline sublimate of Molybdic Acid being farmed.

L
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with exygen——
with charcoal ; the other blue, and procured by im-
mersing tin in solution of molybdic acid.—The black
oxide consists of
44 M. 4 7,5. oxy.

the blue (molybdous acid) 44 M. 4 15.—
the white (molybdic acid) 44 M. 4 282,5.
These acids combine with ocertain bases - forming
molybdites and. molybdates. Molybdate of silver,
of mercury, of lead, and of nickel, may be procured
by adding molybdic acid to the respective nitrates
of those metals.

Sulphuret of Molybdenum is a sectile compound
of a metallic lustre, composed of 44 M. 4 80 S.

Chrome.

The native combinations of chrome are the oxide,
and the chromates of lead and iron.

By violently igniting the oxide with charcoal a
white, brittle, and very difficultly fusible metal is eb-
tained.

Chrome and Ozygen.—The Ozide of Chrome is of
a green colour, and may be procured by exposing
chromic acid to a red heat.

Chromic Acid may be obtained by digesting native
chromate of lead in fine powder, in carbonate of
potash. A chromate of potash is produced, to which
sulphuric acid is added; by evaporation sulphate of

and crystals of chromic acid are obtained.
Chromic acid is of a red colour, and very soluble in
water. .

The other combinations of chrome are very im-
perfectly known.

Tungsten.

There is a mineral called Tungsten, which is a na-
tive tungstate of lime, and another called Wolfram,
consisting of tungstic acid, iron, and manganese.
To obtain the metal, either of its oxides are violently
ignited with charcoal—in colour it resembles iron.—
it is hard and brittle. :

Orzides of Tungsten—This metal unites in two

roportions with oxygen. The black oxide may be
obtained by igniting the peroxide with charcoal.
Its properties have not been investigated.

e peroxide, or Tungstic Acid, is obtained from
native tungstate of lime, which is fused with four
times its weight of subcarbonate of potash. The
fused mass is dissolved in water, and nitric acid added
to the filtered solution which precipitates the tung-
gtic acid. This body is of a yellow colour—it unites
with the alcalies, and forms soluble salts.

Columbium.

This metal was first discovered by Mr Hatchett
in a mineral from North America. It is fourd com-
bined with the oxides of iron and manganese, and
also with yttria, in the minerals called tantalite and
yttro-tantalite. The peroxide of columbium is al-
most inscluble in nitric and sulphuric acids, but
when freshly ipitated it dissolves in oxalic, tar-
taric, and aitric acids, and very seadily in potash.

Antimony.
This metal is found native, but its principal ore is

\
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the Sulphuret, from which pure antimony may be Chemistry.

ebtained by the following
of the powdered sulphuret with two of crude tartar,
and throw the mixture by spoonfuls into a red-hot
crucible ; then heat the mass to redness, and a but-
ton of metal will be found at the bottem of the cra-
cible. Reduce this button te fine powder, and dis-
solveit in nitro-muriatic acid—pour this solution in-
to water, which will occasion the precipitation of &
white powder, which is to be mixed with twice its
weight of tartar, and exposed to a dull red heat in @
crucible. The button now obtained is pure anti-
mony. .

Antimony is of a silvery white colour, brittle and
crystalline in its ordinary texture. It fuses at 800°
Fahrenheit.

Antimony and Ozygen.—These bodies form two
well detined compounds, the history of which ig of
great importance to the pharmaceutical chemist.

The Protozide of Antimony is thus obtained : To
200 parts of sulphuric acid add 50 parts of powdered
metallic antimony. Boil the mixture to dryness,
wash the dry mass first in water, and then with a
weak solution of subcarbonate of potash, a white
powder remains, which, ¥hen thoroughly washed
with hot water, is Protozide of Antimony.

This protoxide exists in all the active antimonial
preparations—in emetic tartar, kermes, glass of anti-
mony, golden sulphuret, &c. It consists of 85 A. 4-
15 oxygen. It is fusible and volatile at a red heat,
decomposed by sulphur and charcoal; and, when
:‘cted on by nitric acid, is converted into perex-
ide.

Perozide of Antimony is procured by acting up-
on the powdered metal by excess of hot nitric acid.
It is of a yellow white, difficultly fusible, and does
pot form soluble salts with actds. It consists of
85 ant. 4- 22,5 oxygen. The diaphoretic antimony
of old Pharmacopceize consisted of this oxide. .

Antimony and Chlorine combine in one propors
tion only to produce the chloride of antimony.

Butter of Antimony.) The powdered metal takes
when thrown into the gas, and a compound, at
first liquid, but afterwards concreting, is formed.
It may also be produced by the distillation of anti-
mony and bichloride of mercury, or by heating the
solution of protoxide of antimony in muriatic acid.
It consists of 85 A. 4 67 C. en water is added
to the chloride of antimony, a mutual decomposition
ensues, and protoxide of antimony and muriatic acid
result. )

Sulphuret of Antimony is easily formed by fusing
the metal with sulphur. It consists of 85 A. 4
30 S. ,

Sulphate of Antimony—When sulphuric acid is
boiled upon finely powdyered antimony, the metal is
oxidized, and an acid sulphate and a subsulphate of
antimony are the resuits. In both these salts the
metal is in the state of protoxide.

Hydrosulphuretted Ozide of Antimony.—This com-
pound has long been known under the name of Ker-
mes Mineral. 1t is commonly prepared as follows:
Equal parts of sulphuret of antimony and common
potash are fused together; the resulting mass is
finely powdered, and boiled in ten times its weight

process : Mix three parts ™~y
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Chenistry. of water. The liquor is filtered while hot ; and, dur-

ing cooling, it deposits kermes. The mother liquor
of kermes deposits a copious yellowish red precipi-
tate upon the addition of dilute sulphuric acid, which,
when washed and dried, is known under the name
of golden sulphur of antimony. It is improperl
cslled in the London Pharmacopeeia antimonis sul-
phuretum precipitatum.

In forming these compounds, the following changes
seem to have taken place. The sulphuret of anti-
mony and potash acts upon the water, a portion of
which is decomposed ; hydrogen is transferred to the
alcaline sulphuret to form hydrosulphuret of potash;
hydrogen_and oxygen unite to the sulphuret of an-
timony, producing a hydrosulphuretted oxide of that
metal (kermes), which remains dissolved in the hot
alcaline hydrosulphuret, and of which one portion is
precipitated as that solution cools. When dilute
sulphuric acid is added, the hydrosulphuret of potash
is decomposed, sulphate of potash is formed, and
sulphur and sulphuretted hydrogen are liberated ;
the sulphur falls in combination with the kermes,
producing the golden sulphur, or sulphuretted hy-
drosulphuret.

Uranium.

The oxide and the sulphuret are the principal na-
tive combinations of uranium. To obtain the me-
tal from the sulphuret, it is heated in a muffle, and
digested in nitro-muriatic acid ; the oxide of uranium
is precipitable from this solution by potash; and,
when exposed to an intense heat with charcoal, it af-
fords the metal. Itis grey, and extremely difficultly
fusible.

Very few experiments have hitherto been made
upon this metal. The oxide precipitated from its
mitric solution by alcalies is yellow, but by heating
with charcoal it becomes black. The uranitic ore,
called by the Germans Uran glimmer, is a hydrate
of the yellow oxide. The salts of uranium have a
yellow colour and an astringent metallic taste. Pot-
ash forms in their solutions a yellow precipitate, and
carbonate of potash a white precipitate ; both these
Pprecipitates are redissoluble in excess of alcali.

Cerium.

This metal has been obtained by Hisinger and
Berzelius from a mineral found at Bastnas in Swe-
den, to which they have given the name of cerite.
The ore is calcine({, pulverised, and digested in nitro-
muriatic acid. To the filtered solution, saturated
with potash, oxalic acid is added, which occasions a
pregipitate ; this, when dried and ignited, is ozide of
cerium.

There are two oxides of cerium, the red or pro-
toxide, and the white or peroxide. The salts of ce-
rium have a sweetish taste. Those formed with the
protoxide are colourless, those with the peroxide are
yellow.

Cobalt.

‘The native combinations of cobalt are the oxide,
the compound of the metal with iron, nickel, arsenic,
an% sulphur. It is also found combined with arsenic
acid.

To obtain the pure metal, the substance called

zaffre, which is an impure oxide of cobalt, may be Chemistry.

detonated three or four times with half its weight of
nitre, then washed in hot water, and the residue di-
gested in nitric acid. The nitric solution, when fil-
tered and evaporated, yields an oxide, which, by ig-
nition with charcoal, affords cobalt. Cobalt is of a
grey colour, brittle, and difficultly fusible.

Cobalt and Osygen unite in two proportions. The
protozide is formed by adding potash to the nitrate,
and drying the precipitate ; it appears reddish black.
By exposure to heat and air, it absorbs an additional
portion of oxygen, aund is.thus converted into black
perozide. The protoxide, when reccently precipi-
tated and moist, is blue; and, if left in contact of
water, becomes a red Aydrate.

Cobalt, when heated in chlorine, burns; but the
chloride of cobalt has not been examined.

The salts of cobalt all contain the protoxide, and
are of a red colour; the alcalies produce in them
bluish pregi itates, which rcdissolve in -excess of
ammonia. Frussiate of potash forms a grass-green
precipitate ; and phosphoric, carbonic, arsenic, and
oxalic acids, form insoluble precipitates of a red co-
lour. :
Muriate of Cobalt is a deliquescent salt, of a blue

n colour ; when a little diluted, it becomes pink ;
the pale pink solution, when written with, is scarcely-
visible ; but, if gently heated, the writing appears in
brilliant green, which soon vanishes as the paper
cools, in consequence of the salt absorbing the aérial
moistare.

With nitric acid, the oxide of cobalt furnishes a
red deliquescent nitrate of cobalt.

Sulphuret of Cobalt is formed by heating the oxide
with sulphur.

Sulphate of Cobalt forms red rhombic crystal.

Phaosphuret of Cobalt is a white brittle compound.

Phosphate of Cobalt may be formed by double de-
composition, as by adding Ybosphate of soda to
muriate of cobalt; it is insoluble; of a purple co-
lour ; and, if mixed with eight parts of gelatinous
alumina, and heated, it produces a beautiful blue,
which may sometimes be employed by painters as a
substitute for ultramarine.

Titansum.

Titanium exists in the state of oxide, in two mi-
nerals—in titanite and in menachanite. The metal
may be obtained from the former by fusion with pot-
ash; the fused mass, washed with water, leaves oxide
of titanium, containing a little iron ; it is to be dis-
solved in muriatic ac‘:g, and precipitated by oxalic
acid. The oxalate affords the metal by intense ig-
nition with charcoal. -

Titanium is of the colour of copper. It is oxid-
ized by exposure to heat and air, and is spid to be
susceptible of three degrees of oxidizement, the co-
lours of the oxides being blue, red, and white. .

Bismuth

Is found native, combined with oxygen, and with
arsenic and sulphur. The metal may be obtained
pure by dissolving the bismuth of commerce in ni.
tric acid ; water is added to the nitric solution, which
separates oxide of bismuth. This oxide is easily re~
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Chemistry. duced in the usual way. Bismuth is a brittle bril. acid. Potash forms, in this solution, a bulky blue Chemistry.
o=~ liant white metal, with a slight tint of red; it fuses precipitate of hydrated perozide of copper. o/

at 476° and always crystallizes on cooling. When
exposed to heat and air it oxidizes, forming the
white oxide. It consists of 66,5 bismuth 4 7,5 oxy-

en.
£ Chloride of Bismuth is procured by heating the
‘'metal in the gas. It is a fusible volatile substance, de-
composed by water; cousisting of 66,5 B 4- 83,5 C.

Nitrate of Bismuth crystallizes in small four sided
prisms, consisting of 74 oxide 4- 50,5 acid. It is
decomposed by water, and the oxide of bismuth is
thrown down in the form of fine white powder.
(Magistery of Bismuth, Pearl white, &c.)

Sulphuret of Bismuth is of a bluish colour and
metallic lustre; it consists of 66,5 B. 4- 15 sulphur.

Sulphate of Bismuth consists of 74 oxide 4 37,5
acid ; it is a white compound insoluble in, but decom-
posed by water, which converts it into a subsulphate
and supersulphate.

Bismuth forms alloys, some of which are remark-
able for their fusibility. With gold, platinum, and
silver, it forms brittle compounds. A compound of
8 parts of bismuth, 5 of lead, and 3 of tin, liquifies
at 212°; it is called fisible metal. The addition of
1 part of quicksilver renders it yet more fusible.

Copper.

This metal is found native, and in various states
of combination. Of its ores, the oxide, chloride,
sulphuret, sulphate, phosphate, carbonate, and ar-
seniate, are the most remarkable. The metal may
be obtained perfectly pure by dissolving the copper
of commerce in muriatic acid; the solution is dilut-
ed, and a plate of iron is immersed upon which the
copper is precipitated ; it may be fused into a button.

Copper has a fine red colour and much brilliancy ;
it i3 very malleable and ductile, and has a peculiar
smell wf‘:en warmed or rubbed. It melts at a cherry
red or dull white heat.

Copper and Ozxygen.—There are two oxides of
copper. The red or protoxide .occurs native. It
may be formed artificially, by dissolving a mixture
of metallic copper, and peroxide of copper, in muri-
atic acid. When potash is added to this solution, a
hydrated protoxide of an oranfge colour falls; if quick-
ly dried out of the contact of air, it becomes of a red
brown; it consists of 60 copper -} 7,5 oxygen. The
perozide of copper is procured by precipitating ni-
trate of copper by potash, washing the precipitate,
and exposing it to a red heat. It is black, and con-
sists of 60 copper 4 15 oxygen.

Copper and Chlorine.—~(aseous chlorine acts up-
on copper with great energy, and produces two chlo-
rides, the one a fixed fusible substance, which is
the chloride, consisting of 1 proportion of copper =
60 4 1 proportion of chlorine — 38,5. The other
a volatile yellow substance, which is a bichloride,
and cuntains 60 copper 4 67 chlorine. These com-
pounds furnish, with water, a solution of muriate of
copper.

Nitric Acid, diluted with three parts of water, ra-
idly peroxidizes copper, forming a bright blue so-
ution, which affords deliquescent prismatic crystals

or .evaporation. It consists of 75 oxide 4 50,5
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If ammonia be added to solution of nitrate of
copper, it occasions also a precipitate of hydrate,
but if it be added in excess, the precipitate is redis-
solved, and a triple compound produced. - Ammonia
also dissolves the peroxide of copper; forming a
crystallizable compound of an intense blue colour. -

Copper and Sulphur.—There are two sulphurets
of copper, both of which exist native; the one is
black, and may be formed artificially, by heating a
mixture of copper filings and sulphur; as soon as
the latter melts a violent action ensues, the copper
becomes red hot, h drogen escapes, and a black
brittle body is formeg, consisting of 60 copper 4 15
sulphur.

The Bisulphuret is a common ore of copper called
Pyrites. It consists of 60 copper +- 30 sulphur, and
is of a golden yellow colour,

Copper and Sulphurous Acid— Sulphite of Copper
may be obtainedpg passing sulphth:rous {cid into
water, through which peroxide of copper is diffused.
Small red crystals are formed, composed of protoxide
of copper and sulphurous acid.

C and Suzrlmric Acid—Oxzisulphate of Cop-
per—DBlue Vitriol.—This salt is formed by dissolving
peroxide of copper in sulphuric acid; it crystallizes
in rhomboidal prisms of a fine blue colour. Itis
produced upon a large scale, by exposing roasted
sulphuret of copper to air and moisture. It consists
of 75 peroxide 4 75 sulphuric acid; when crystal-
lized, it contains 5 proportions of water, and conse-
quently its composition will stand thus:

1 proportion peroxide, 75.

2 proportions sulphuric acid, 75.

5 proportions of water, 42.5
192.5

By cautiously adding ammonia to a solution of
the foregoing salt, a subsulphate of copper is preci-
pitated, consisting of 150 oxide + 87,5 acid. The
alcalies precipitate hydrated peroxide from the solu-
tion of this salt, and excess of ammonia forms a triple
sulphate.

Phosphorus and Copper form a grey brittle phos-

uret.

Phosphate of Copper may be formed by mixin
solution of sulphate of copper with phosphate o
soda; it is a blue green insoluble powder, composed
of 75 oxide 4 25 acid.

Carbonate of Copper, artificially pnzpared by ad-
ding carbonate of potash to sulphate of copper, is a
green insoluble compound, containing 75 oxide 4
20,7 acid.  Verditer is a mixture of this carbonate
with chalk ; it is obtained by adding chalk to solu-
tion of nitrate of copper.

Many of the alloys of copper are important. With
gold it forms a fine yellow ductile compound, used

or coin and ornamental work. Sterling or stand-
ard gold consists of 11 gold 4 1 copper. The
specific gravity of this alloy is 17,157. With silver
it forms-a white compound, used for plate and coin.
Lead and copper require a high red heat for union—
the alloy is grey and brittle.

E
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Tellurium.

The ores of tellurium are, 1. Native, in which the
metal is combined with iron and a little gold. 2.
Graphic ore, which consists of tellurium, gold, and
silver. 8. Yellow ore, a compound of tellurium,
gold, lead, and silver; and 4. lack ore, consisting
of the same metals with copper and sulphur.

The metal is extracted from these ores by preci-
pitating their diluted nitro-muriatic solution by pot-
ash, which is added in excess; the clear liquor is
poured off and saturated with muriatic acid, which
affords a precipitate of oxide of tellurium. This
heated in a glass retort with charcoal furnishes the
metal. Tellurium is of a bright grey colour, brittle,
easily fusible, and very volatile. It burns with a
blue flame, and produces a yellowish ozide, com-
posed of 37 tell. 4 7,5 oxy. .

Chloride of Tellurium is white, and consists .of
87 T. + 88,5. C. ‘

Tellurium combines with hydrogen, producing
Telluretted hydrogen gas. The soluble salts of tel-
lurium furnish white precipitates, when neutral-
ized by alcalies, which are soluble in excess either of
the solvent or precipitant.

Iron.

The most important native combinations of iron,
whence the immense supplies for the arts of life are
drawn, are the oxides. Iron is also found combined
with sulphur, and with several acids ; it is so abun-
dant that there are few fossils free from it. 1t is also
found in some animal and vegetable bodies. Iron is
a metal of a blue white colour, very malleable and
ductile, and fusible at a white heat.h 1

Iron and O ~—Exposed to heat and air, iron
quickly oxidizgg“h unites with oxygen in at least
two proportions. The profoside may be procured by
precipitating a solution of sulphate of iron by potash,
washing the precipitate out of the contact of air,
and drying it ata red heat. It is black, and consists
of 52 iron 4 15 oxygen.

When this oxide is boiled in nitric acid, and pre-
cipitated by ammonia, washed, and dried at a low
red heat, it increases in weight, and acquires a
brown colour. This is the femude composed of
52 iron 4 22,5 oxygen. These oxides form dis-
tinct salts with the acids. The salts containing the
black oxide are of a green colour, mostly crystailiz-
able, become reddish brown by exposure to air, are
insoluble in alcohol, and their solutions absorb nitric
oxide gas and become of a deep olive colour.

The salts with the brown oxide do not crystallize ;
they are brown, soluble in alcohol, and do not ab-
sorb nitric oxide.

The alcalies precipitate hydrated oxides from these
solutions.

Iron and Chlerine unite in two proportions—the
chloride may be obtained by evaporating green mu-
riate of iron to dryness, and exposing the residuum
to ared heat. A grey brittle substance is formed,
consisting of one proportion of iron and two of chlo-
rine 52 4 67.

When iron wire is heated in chlorine it burns with
a red light, and produces a compound which rises in
beautiful brown scales. It is the perchloride of iron,

and consists of one proportion of iron and three of Chemistry.
chlorine 52 4 100,5. The chloride and perchloride “*™=y™’

of iron produce muriate and oxymuriate of iron when
acted upon by water. These salts are both deli-
quescent and uncrystallizable.

Iodine and Iron readily form & brown compound,
fusible at a red heat, and which, when put into water,
forms a hydriodate of a green colour.

The mitric acid dissolves the protoxide and per-
oxide of iron, and produces a green nitrate and a
red oxynitrate, neither of which are crystallizable.

Sulphur and Iron.—There are two sulphurets of
iron—the black sulphuret is composed of 52 iron +
80 sulphar ; and the yellow “'lll'ihunt’ or bisulphuret,
of 52 iron 4 60 sulphur. e former
is produced by melting sulphur wifl.h iron filings; it
exists in nature under the name of magnetic pyrites -
—the bisulphuret is exclusively a natural product,
very abundant, and called iron pyrites.

Sulphates of Iron—The sulphuric acid with the
protoxide of iron forms a salt which crystallizes in

n rhomboidal prisms, of a styptic taste, soluble
in_twice their weight of cold water. This salt is
called Copperas or green vitriol, and is often prepar-
ed by exposing roasted pyrites to moisture. It con-
sists of one proportion of protoxide = 67 4 two
proportions of acid = 75. The osysulphate of irom
18 obtained by dissolving the moist red oxide in dilute
sulphuric acid—it does not crystallize, but affords,
by evaporation, a red deliquescent mass, consisting
of 1 oxide <4 8 sulph. acid or 74,5 oxide 4 112,5
sul. acid. It is formed in the mother waters of the
sulphate.

hosphuret of Iron may be formed by droppi
phospmm intc;f a (:mcibley containing reyd-hotppn::ﬁ
wire; it is a brittle grey compound, and acts upon
the magnet.

Phosphates of Iron~—These are both insoluble,
and may be formed by adding solution of phosphate
of soda to sulphate and oxysulphate of iron. The
phosphate of iron is of & blue colour; the oxy-
phosphate is white.

Iron and Carbon.—The different kinds of cast
iron contain more or less carbon, which materially
affects their properties. Steel and plumbago are
carburets of iron.

Carbonic Acid may be combined with the protoside
of irom, by adding carbonate of potash to sulphate of
iron ; a green precipitate of carbonate of ifon falls,
which, exposed to air, becomes brown, and evolves
carbonic acid.

H{drocyanic (Prussic) Acid may be united by
double decomposition with the oxides of iron, as by
adding the prussiate of potash to the sulphate and
oxys e. The former affords a white, the latter
a fine blue precipitate, of hydrocyanate or prussiate
of iron. (Prussian blue.)

The alloys of iron, with the metals hitherto de-
scribed, are not important.

Tin.
The native oxide is the principal ore of tin; the
metal is obtained by heating it to redness with char-

coal. Tin has a silvery white colour; it is malle
able, though sparingly ductile, It melts at 440°
10
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Chemistry. and by exposure to heat &nd air is gradually con-

into a white peraxide. .

Protozxide of Tin is obtained by precipitating mu-
riate of tin by ammonia; it fails in the state of hy-
drate; when dried, it is of a grey colour, and 1
composable by heat. It dissolves in the alcalies,—
exposed to heat and air, it passes into the state of

roxide.

Perozide of Tin is formed by treating the metal
with nitric acid; there is a violent action attended by
the formation of nitrate of ammonia. It dissolves in
the alcalies, and hence some chemists have called it
#tannic acid. This is the native oxide.

The number representing tin is 55. The protoxide
consists of 55 tin 4 7,5 oxygen. The hydrate of
62,5 oxide 4 8,5 water; and the peroxide of 55 tin

4 15 oxygen.

Chloride of Tin is procured by heating together
an amalgam of tin and calomel ; it is a grey semi-
transparent crystalline solid, which dissolves in wa-
ter, forming a muriate of tin; it consists of 55 tin
83,5 chlorine.

If tin be heated in chlorine, or if amalgam of tin
be distilled with corrosive sublimate, a bichloride is
obtained; it is s transparent colourless fuid, and
when poured into water is instantly converted into
oxymuriate of tin. It consists of 55 tin 4 67 chlo-
rive. It was formerly called Libavius's fuming li-
quor; it exhales fumes when exposed to a moist air,
and produces muriatic acid and oxide of tin.

e muriate of tin used by dyers may be obtained
by boiling one part of tin with two of muriatic acid.
his solution quickly absorbs onaysen from the air
and from several compounds, and if added to me-
tallic solutions, revives or deoxidizes them. With
solution of gold, it produces a purple precipitate
used in painting porcelain. ( Purple of Cassius.) It
crystallizes in small deliquescent needles. With in-
fusion of cochineal, it produces a crimson precipitate.
The osymuriate of tin (muriate containing the pere
oxide) may be formed by dissolving the metal in ni-
tro-muriatic acid, or by adding water to the bichlo-
ride, or by exposing the muriate to air. It does not
occasion precipitates in other metallic solutions, and
produces a scarlet with cochineal.

Nitrate of Tin may be formed by acting upon the
metal by dilute nitric acid, a yellow solution which
will not crystallize is obtained,—exposed to air, it
absorbs oxygen, and peroxide of tin precipitates.

Tin and Sulphur~~There are two sulphurets of
tin. That containing Ifefmpv.m.ion of metal 4 1
of sulphur may be procured by heating tin with sul-

ur; it is of a bluish colour, and crystallizes in

ong needles. The bisulphuret is of a bright golden

ellow colour, and flaky structure. (Ausum musi-
owm.) It is formed by heating peroxide of tin with
sulphur. These sulphurets consist respectively of
55 tin - 15 sulphur, and 55 tin 4 30 sulphur.

Sulphate of Tin—When tin is boiled in sulphuric
acid, a solution is obtained which deposits white aci-
cular crystals.

%mmlpﬁurdled Ozide of Tz’::‘yellow brown.

of the alloys of tin are useful. With cop-
per it forms bronze, gun-metal, and bell-metal ; and
with iron, a white compound known under the name
of tin plate.

Zine.

Zinc is found in the state of oxide and of sulphu-
ret. It may be obtained pure by dissolving the ziac
of commerce in dilute sulphuric acid, and immersing
a plate of zinc fer some hours in the solution, which
is then filtered, decomposed by subcarbonate of pot-
ash, and the precipitate ignited with charcoal.

Zinc is a bluish white metal, malleable at 300°,
but very brittle when its temperature approaches
the point of fusion, which is about 680°.

Oxide of Zinc is obtained by heating the metal ex-
posed to air, At a red heat it inflames, burns with
a bright flame, and is converted into a white floccu-
lent substance, formerly called Pompholiz, nikil al-
bum, and Philosopher's wool. It consists of 83 zinc
and 7,5 oxygen. This oxide is white, tasteless, and
soluble in the alcalies,

Chloride of Zinc is formed by heating leaf zinc in
chlorine. It is a volatile fusible compound, produ-
cing a muriate of zinc by the action of water. It
consists of 88 zinc 4 88,5 chlorine.

Jodine and Zinc readily combine, and produce a fu-
sible, volatile, and crystalline compound, which, when
exposed to air, deliquesces into hydriodate of zinc.

Sulglmrd of Zinc exists native under the name of

. It may be formed artificially by heating
oxide of zinc with sulphur, and is then of a yellow
brown colour. It consists of 88 zinc 4 15 sul-

phur.

S e of Zinc.—The metal is readily oxidized

and dissolved by dilute sulphuric acid, hydrogen gas
is given off, and a transparent colourless solution of
sulphate of zinc results, which, by evaporation, af-
fords crystals in the form of four-sided prisms, ter-
mmated“l:‘y four-sided pyramids.

This salt is soluble in 2.5 parts of water at 60°.
It consists of 1 proportion of oxide = 40,5 +4 1 pro~
portion of acid = 87,5. Its crystals contain 7 pro-
portions of water = 59,5. Sulphate of zinc is pre-
pared for the purposes of the arts from the native

sulphuret, and is usually in the form of a white amors -

phous mass called white vitriol.

Phosphuret of Zinc is a brilliant lead-coloured
B honhcte of 2 stallizable. It may be

hate of Zinc is not izable. It ma

cbtaineh by dl{wlving zin ta_ phosphoric acid and
evaporation to dryness. .

Carbonate of Zinc occurs native, forming one of
the varieties of calamine.

Zinc forms with copper the very useful alloy called
brass.

Manganese.

The common ore of manganese is the black or per-
oxide, which is found native in great abundance.

The metal may be procured by exposing the prot-
oxide mixed with charcoal to an intense heat, It
is of a bluish white colour, very brittle, and diffi-
cult of fusion. When exposed to air, it becomes an
oxide.

Man and Ozygen—There are two definite
oxides g&mmngmmfyg'rhe ide may be ob-
tained by digesti pative black oxide in muria-
tic acid. Chlorine is abund-ntly evolved, and the
hydrogen of the muriatic acid unites with of the
oxygen of the oxide to produce water. metal
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Chemistry. thus partly deoxidized, is dissolved by the remaining

muriatic acid, forming a muriate of manganese. Iron
is almost always present, which may be easily sepa-
rated by neutralizing the muriatic solution with am-
monia. The oxide of iron is directly precipitated,
but the oxide of manganese remains in solution, and
may be separated by excess of ammonia.

The solutions of manganese furnish a white pre-
cipitate with the alcalies, which is a hydrated oxide of
manganese, and which, when dried in close vessels,
acquires a deep olive colour, and is the protoxide.
It consists of 56,5 manganese 4 15 oxy. and the
hydrate contains 71,5 oxide 4 17 water.

When this oxide is heated in contact with oxygen,
it becomes deep brown, and is thus converted into
the peroride, which consists of 56,5 mang. 4 22,5
oxygen. This peroxide is not soluble in acids.

Manganese and Chlorine.~—By burning the metal
in chlorine, or by exposing muriate of manganese to
a strong heat, a pink semitransparent flaky substance
is obtained, consisting of 56,5 M. 4 67 C.

Manganese and Sulphur appear unsusceptible of
combination.

Sulphate of Manganese is formed by dissolving
the protoxide in the acid, or by boiling in it the
peroxide, in which case oxygen is evolved. There
are two sulphates. The one which is neutral is of a
rink colour, the other, acid, is white. They crystal-

ize in rhomboidal prisms.

Phosphuret of Manganese is of a blue white me-
tallic lustre, and considerably inflammable.

Phosphate of Manganese is precipitated in the
form of a white insoluble powder, by adding phos-
phate of soda to muriate of manganese.

Carbonate of Manganese is white, insipid, and in-
soluble in water.

Potassium.

The body known under the name of caustic pot-
ash is a hydrated oxide of this metal. It is decom-
posed at a white heat by the action of iron in the
following manner: A sound and perfectly clean gun-
barrel is bent, as shown in the annexed sketch., It

Tig. 1.

is then covered with an infusible lute between the Chemistry.
letters O and E (fig. 1.), and the interior of the lut- ™~

ed part is filled with clean iron turnings. Pieces of
fused potash are then loosely placed in the barrel be-
tween E and C. AA is a copper tube and small re-
ceiver which are adapted to the extremity O, and to
each other, by grinding. This apparatus is next
transferred to the furnace, arranged, as shown in fig.2.
X and T representing two glass tubes dipping into
mercury. The furnace is suppliecd with air by a
good double bellows entering at B, and a small wire
basket (G) is suspended below the space E C. The
part of the barrel in the furnace is now cautiously
raised to a white heat, and the escape of air by the
tabe X shows that all is tight. Some burning char-
coal is then put at the end (E) of the cage G,
which causes a portion of potash to liquefy and fall
into the low part of the barrel upon the iron. Hy-
drogen gas instantly escapes by the tube X, and
attention must now be had to keep the copper
tubes (AA) cool, by laying wet cloths upon them.
When the evolution of gas ceases, fresh charcoal is

laced under the potash, and so on till the whole

as passed down ; if too much potash be suffered to
fall at once, the extrication of gas at X will be very
violent, which should be avoided. If the space be-
tween A and O should become stopped by potas-
sium, gas will issue by the tube T (which must al-
ways be under a greater pressure of quicksilver than -
the tube X), and it may be fused by applying hot
charcoal to the tube, when the gas will again appear
at X and cease at T. When the operation is con-
cluded, the tubes X and T are removed, and corks
quickly applied to the holes; and when the appara-
tus is cool, the barrel is carefully removed from the
furnace, and a little naphtha suﬂgred to run through
the barrel. The potassium is found in globules in
the tube and receiver AA, and considerable por-
tions often lodge at O. The success of this opera-
tion is certain, if the heat has been sufficient ; but
the barrel, if not very carefully covered with lute, is
apt to melt, and much, if not the whole, of the pro-
duct is lost. ®

Potassium is a white metal of great lustre. It in-
stantly tarnishe by exposure to air. It is ductile
and of the consistency of soft wax. At 150° it en-
ters into perfect fusion; and at a bright red heat
rises in vapour. At 82° it is a hard and brittle so-
lid. If heated in air it burns with a brilliant white
flame.

Potassium and Ozygen.—When potassium is
thrown into water it instantly takes fire,—hydrogen
gas is evolved, and oxide of potassium or potash.is
found dissolved in the water. The quantity of hydro-
gen evolved in this experiment, becomes the indica-
tor of the proportion of oxygen which has been
transferred to the metal ; 100 parts of potassium are
thus found to absorb 20 of oxygen; and if this be
considered a protoxide, then 20:100:: 7,5 : 87,5,—
so that 37,5 will be the number representing potas-
sium, and 87,5 P. 4+ 7,5 O. = 45 will represent

* The discovery of the nature of the alcalies, the most brilliant of modern chemistry, was made by Sir
H. Davy in the year 1807, and was the result of his laborious electro-chemical researches, of which the
commencement and progress are detailed in his various communications to the Royal Society.
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Tode of Potassium.—Todine and potassium act up- Chemistry.

Chemistry. dry oxide of potassium. Potash in the state it is
\w= %" ysually met with in laboratories, contains a consider-

able portion of water, from which it may be freed by
the action of iron at high temperatures, and there al-
ways remains in the barrel, after the above experi-
ment, a large portion of dry potash, It is a hard

ey substance which, by water, is slowly converted
1ato the hydrated oxide, or caustic potash, which
may be obtained by evaporation to dryness. This
substance, after exposure to a red heat, is white and
very soluble in water; it may be considered as a
compound of 1 proportion of protoxide of potas-
sium = 45 +4- 1 proportion of water = 8,5, and its
number = 53,5.

Perozide of Poltassium.—If the metal be heated
in considerable excess of oxygen, it burns with in-
tense heat and light, and an orange coloured sub-
stance is obtained, which consists of 87,5 potassium
+ 22,5 oxygen = 60. This peroxide of potassium,
when put into water, effervesces, oxygen is given off,
and a solution of the hydrated protoxide is obtain-
ed.

The hydrated protoxide, or caustic potask, is pro-
cured in our laboratories by decomposing its sub-
carbonate by lime. It is often cast into sticks for
the use of surgeons, who employ it as a caustic, and
in this state it generally contains some peroxide, and
therefore evolves oxygen when dissolved in water.
It may be further purified by the action of alcohol,
which dissolves the pure hydrate, and leaves earthy
and other impurities,—the alcohol is then driven off
by heat. .

Hydrate of Potassa thus purified is white,—very
acrid and corrosive, and at a red heat evaporates in the
form of white acrid smoke. It quickly absorbs mois-
ture from the air, and at 60° one part of water dis-
solves two. It may be crystallizeg in octoédrons.

Chlorine and Potassium act very energetically on
each other, and produce the white compound which
has been called Muriate of Potash, but which is a
" true chloride of potassium, consisting of 87,5 P.
+ 83,5:Ch. It is soluble without decomposition in
three parts of water at 60°. When potassium is
heated in gaseous muriatic acid, this compound is
formed, and hydrogen is evolved.

Chlorate of Potash is formed by passing chlorine
through a solution of potash. Chloride of potassium
is one of the results, the other is a salt in brilliant
rhomboidal tables (formerly called Oxymuriate of
Potash), the chlorate. When exposed to heat it

ives out oxygen, and chloride of potassium remains,

t is soluble in 18 parts of cold and 2,5 of boiling
water. Itacts very energetically upon many inflam.
mables, and triturated with sulphur, phosphorus, and
charcoal, produces inflammation and explosion. It
consists of one proportion of chloric acid and one
of potash, or 71 C. A. 4 45 P. Its ultimate com-
ponents, therefore, are

6 proportions of oxygen

5 in the acid and 1 in the alcali,} = 45
1 proportion of chlorine, . . . = 88,5
} ————— potassium, . . . = 87,5

116

on each other very energetically, and a crystalline
compound is obtained, white, fusible. The hydriodic
acid and potash produce a similar compound.

When iodine is put into solution of potash, the
results are iodate of potash and iode of potassium.

Potassium and Hydrogen—When potassium is
heated in hydrogen, it absorbs a portion of the gas,
and produces a grey and highly inflammable Aydru-
ret. When hydrogen and potassium are passed to-
gether through a white hot tube, the gas dissolves
the metal, and produces a spontaneously inflammable
potassiuretted hydrogen gas. Both these compounds
are usually formed, during the operation for obtain-
ing potassium by the gun-barrel. .

Nitrate («i)f Potash— Nitre— Saltpetre~—This salt
is an abundant natural product, and is principall
brought to this country from the East Indies. It
crystallizes in six-sided prisms, usually terminated by
dihedral summits; it dissolves in 7 of water at
60°, and in its own weight at 212°. Its taste is cooling
and peculiar. It consists of 1 proportion of acid =
50,5 < 1 proportion of potash = 45. Or of

6 proportions of oxygen,

5 ?,: tﬁe acid and 1 in tl;e alcali, 45

1 proportion of nitrogen, - 13

1 ——mee potassium, - 37,5
95,5

When exposed to a white heat, it is decomposed
into oxygen, nitrogen, and potash. It fuses at a heat
below redness, and congeals on- cooling into cakes
called sal prunelle. 1t is rapidly decomposed by
charcoal at a red heat. The products of the com-

bustion of a mixture of charcoal and nitre, are car. *

bonic acid and nitrogen gases, and subcarbonate of
potash. It is also decomposed by sulphur (see Sul-
phuric Acid), and by phosphorus. -

This is a highly important salt, as constituting the
basis of gunpowder. It is also largely employed as
a source of nitric acid. (See Nitric Acid.)

Potassium unites to Sulphur with the evolution of
much heat and light, and produces a red compound.

Potash and Sulphur, when fused together, form a
red sulphuret of polash. (Liver of Sulphur.) lts taste
is bitter and acrid. It is very soluble in water,
forming a yellow solution of Aydrosulphuret of potash.

.The action of the sulphuret of potash on water is

complicated, and has been variously explained. By
some this is considered as a compound of potassium
and sulpbur; in which case, when acted upon by
water, hydrogen is imparted to the sulphur, and
oxygen to the potassium ; and a sulphuret of potash
with excess of sulphur (or sulphuretted sulphuret of
potash) is formed. If we consider the sulphuret as
consisting of potash and sulphur, then the oxygen,
as well as the hydrogen, of the water, must be trans-
ferred to the sulphur, and sulphuric and sulphurous
acid, and sulphuretted hydrogen, would be formed ;
and generally when the solutions of the livers of sul-
phur are examined, sulphate and sulphite of the al-
cali are found. On the whole, however, it a

most probable, that when sulphur and the alcalies are
fused together at a high temperature, the latter un-
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Chemistry. dergo decomposition, and that sulphurets of their

metallic bases are actually formed.

Sulphite of Potash is formed by passing sulphurous
acid into a solution of potash, and evaporating out
of the contact of air. Rhomboidal plates are obtain-
ed, white, of a sulphurous taste, and very soluble.
By exposure to air, they pass into sulphate of potash.

Sulphate of Potash s the result of several chemi-
cal operations carried on upon s large scale in the
processes of the arts. It may be formed directly by
saturating sulphuric acid by potash. It crystallizes
in short six-sided prisms, terminated by six-sided
pyramids. The body of the prism is often wanting,
and the triangular faced dodecaédron results, This
salt dissolves in 16 parts of cold, and 5 of boiling
water. It consists of

1 proportion of acid = 37,5
1 i alcali = 45.

82.5

Supersulphate or Bisulphate of Potash is formed
by adding sulphuric acid to a hot solution of sulphate
of potash. 'The first crystals which form are in deli-
cate needles of an acid taste, soluble in 2 parts of
water at 60°, and consist of

2 proportions of acid = 75.
1 potash = 45.
1200

Phosphuret of Potassium is a brown compound,
which rapidly decomposes water, producing phos-
phuretted hydrogen gas, and hydrophosphuret of
potash.

" Phosphite of Potash is a soluble deliquescent un-
crystallizable salt.

Phosphate of Potash is a soluble difficultly crystal-
lizable “salt. Superphosphate of potash crystallizes
in four-sided prisms.

Potash and Carbonic Acid—These bodies com-
bine in two proportions, forming the subcarbonate
and the bioarronate of potash.

Subcarbonate of Potash is a salt of great import.
ance in many arts and manufactures, and is known
in commerce in different states of purity under the
names of wood ash, potash, and pearl ash.

It may be obtained directly by passing carbonic
acid into a solution of potash, evaporating to dry-
ness, and exposing the xry mass to & red heat; or
by burning tarfar, whence the name salt of tartar
has been applied to it. This salt is fusible without
decomposition, at a red heat; it is very soluble in
water, and deliquesces by exposure to air, forming a
dense solution, once called oil of tartar per deliguium.
Its taste is alcaline, and it renders vegetable blues

green. It consists of
1 proportion acid = 20,7
’ 1 ——— potash = 45

65,7

Bicarbonate of Potash is formed by pauin%a cur-
rent of carbonic acid into a solution of the subcarbo-
nate. By evaporation crystals are obtained in the

CHEMISTRY.

form of four-sided prisms, with dihedral summits. Chemistry.
Their taste is only alightly alcaline, and they require ‘™~

for solution 4 parts of water, at 60°. Exposed toa
red heat, carbonic acid is evolved, and subcarbonate
of potash remains. This bicarbonate consists of

2 proportions of carbonic acid = 41,4

1 = 45.

86,4

Arseniate of Potash is formed by heating together
white oxide of arsenic and nitrate of potash. It
crystallizes in four sided prisms.

Chromate of Potash is obtained by digesting chro-
mate of lead in a solution of potash. e salt cry-
stallizes in rhomboidal prisms of a yellow colour.

Sodium.

Sodium is obtained from soda by an operation ana-
logous to that for procuring potassium from potash.
In colour it resembles lead, it fuses at 180° and is
volatile at a white heat. It burns when heated in
contact with air, and requires the same cautions to
preserve it as potassium.

Sodium and Ozygen.—~When sodium is thrown
upon water, it produces violent action, but the me-
tal does not in general inflame ; hydrogen is evolved,
aud a selution of soda is procured. By the quan-
tity of hydrogen evolved, we learn that soda (prot-
ozide of sodium) consists of about 74,6 sodium' and
25,4 oxygen per cent. ; and, if soda be considered as
the B;otoxide, the number reprelent.ins the metal
will be 22, and soda will consist of 22 S. 4 7,5 O.,
and be represented by 29,5. By heating sodium
in oxygen, an orange-coloured oxide is formed, con-
sisting of 22 S. 4 11,25 O., and which, by the action
of water, evolves oxygen, and produces a solution
of the protoxide.

Soda, as it usually occurs in the laboratories, is ob-
tained from the subcarbonate by the action of lime
and alcohol, as described under the head Potask. It
consists of 29,5 oxide of sodium 4 8,5 water, and
is represented by 88. When soda is exposed to air,
it soon becomes covered with an efflorescence of sub-
carbonate of soda.

Chloride of Sodium.—Sodium, when heated in
chlorine, burns, and produces a white compound, of
a pure saline flavour, soluble in 2} parts of water
at 60°, and forming cubic crystals. It has all the
properties of common salt, or muriate of soda, and
consists of

1 proportion of chlorine = 88,5
P sodium = 2%,

55,5

This compound is decomposed, when heated with
potassium, Sodium and chloride of potassium are
the results.

When soda is heated in chlorine, oxygen is evol-
ved ; when heated in muriatic acid, water is formed ;
and in both cases chloride of sodium is the pro-
duct.

Sodium and Iodine act upon each other with the
same phenomena as potassium.
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appears to consist of 65 barium 4 7,5 oxygen, and Chemistry.
is consequently represented by 72,5. It eagerly ab- ™"’

Nitrate of Soda crystallizes in rhombs, soluble in

\=\"= three parts of water at 60°.

_ Sulphuret of Sodium and of Soda. (See Polas-
sium.

Sulphite of Soda is crystallizable in transparent
four f:d si:{ sided prisms, soluble in four parts of
water at 60°.

Sulphate of Soda—Glauber’s Salt—is abundantly
produced in the manufacture of muriatic acid by the
action of sulphuric acid upon common salt.

Common salt consists of 22 sodium <4 33,5 chlo-
rine. Sulphuric acid consists of 87.5 dry acid 4
8,5 water. The water of the acid, consisting of 1
hydrogen + 7,5 oxygen, is decomposed. Its hy-
drogen is transferred to the chlorine to produce ga-
seous muriatic acid (= 1 H. 4 88,5 C. = 845
Mur. A.), and its oxygen unites to the sodium, form-
ing dry soda (= 7,5 Ox. 4 22 S.=29,5 soda). The
87,5 dry acid then unite to the 29.5 soda, to pro-
duce sulphate of soda, which will be represented by
the number 67. Sulphate of soda crystallizes from
its aqueous solution in large four-sided prisms trans-
parent, and efforescent, when exposed to air. They
co;:inofﬁdrymlphnw + 85%01&]

hosphate of Soda crystallizes in thomboidal prisms,
soluble in three of water at 60°, and efflores«
cing when exposed. It consists of

29,5 soda.
25 phosphoric acid.

54,5
Subcarbonate of Soda is chiefly obtained by the
combustion of marine plants. It consists of
29,5 soda.
20,7 carbonic acid.

50,2

Its crystals contain 7 proportions of water = 59,5,
which may be expelled by heat. They effloresce by

ure to air.

Bicarbonate of Soda is formed by passing carbonic
acid through the solution of the subcarbonate. By
evaporation, a crystalline mass is obtained. This
salt consists of :

29,5 soda.
41,4 carbonic acid.
70,9
Barium.

To obtain this metal, the earth baryta is negative-
ly electrized in contact with mercury ; an amalgam

. is gndu:l! formed, from which the mercury may

be expelled by heat, and the metal barium remains,
ing, according to Sir H. Davy, of a dark grey
colour, and being more than twice as heavy as water.
It greedily absorbs oxygen, and burns with a deep
red light when gently heated, producing the oxide
of barium.
Ozide of Barium, or baryta, is obtained by ex-
ing the pitrate of baryta to a bright red heat. It
15 of a grey colour, and very difficult of fusion, and

sorbs water, heat is evolved. and a white solid is
formed, containing about 1Q per cent. of water ; this
is the hydrate of baryta, and may be considered as a
compound of 1 proportion of baryta = 72,5 4 1 pro-
portion of water — 8,5, and is consequently repre-
sented by 81.

This hydrate dissolves in boilinﬁ water ; and, as
the solution cools. depoits flattened hexagonal prisms,
which contain a large quantity of water.

Baryta, like the alcalies, converts vegetable blues
to green, and serves as an intermede between oil
and water, whence it has been called an alcaline

It exists in two natural combinations only,—name-
;{, as sulphate and carbonate. According to M. Gay-

ussac, there is a peroxide of barium obtained by
heating baryta in oxygen.

Chloride f[ Barium may be obtained by heating
baryta in chlorine, in which case oxygen is evolved ;
or more easily by dissolving carbonate of baryta in
diluted muriatic acid. By evaporation, tabular crys-
tals are obtained, solable in five parts of water at 60° ;
and consisting, when dry, of 65 barium - 83,5 chlo-
rine = 98,5.

Chlorate of Baryta is formed in the same way as
chlorate of potash. It crystallizes in quadrangular
prisms, soluble in four parts of water, at 60° I¢
consists of

1 proportion of baryta = 72,5
1 zhloric acid =11,

148,5

Or of 1 proportion of barium = 65,
6 of oxygen = 45,
1 of chlorine = 88,5

148,5.

Gay-Lussac srocured chloric acid by the action of
sulphuric acid upon this salt. .

Iodate of Ba?ta is a very difficultly soluble com-
pound—the hAydriodate is crystallizable and very
soluble.

Nitrate of Baryta crystallizes in octdedrons ; it is
soluble in 12 parts of cold and 4 of boiling water;
it is decomposed by heat, furnishing pure baryta.

It consists of 72,5 baryta,
50,5 nitric acid.

128.

Sulphuret of Barium and Phosphuret of Barium
are brown compounds, which act upon water, as
already described, producing Aydrosulphuret and
hydrophosphuret of baryta.

S of Baryta 1s an sbundant natural pro-
duct ; it is msoluble, and therefore produced when-
ever sulphuric acid or a soluble sulphate is added to
any soluble salt of baryta. Hence the solutions of
bllxtﬂ are accurate tests of the presence of sulphuric
acid. They are all highly poisonous, and sulphate
of soda, or dilute sulphuric acid, are the best anti-
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Chemistry. dotes. Sulphate of barytes consists of one propor-
== tion of sulphuric acid and one of baryta.

87,5 sul. a.
72,5 baryta.

110.
Phosphate of Barytes consists of
25 phosphoric acid.
72,5 baryta.

97,5

It is insoluble in water, and therefore formed by ad-
ding a solution of phosphoric acid or phosphate of
soda to nitrate or muriate of baryta. X

Carbonate of Baryta is found native. Artificially
produced it is a white compound insoluble in water,
containing 20,7 carb. acid.

72,5 baryta.
98,2
Strontium

Is procured from the earth strontia by the same
process as barium, which metal it resembles in ap-
arance.

Oxzide of Strontium, or the earth Strontia, is pro-
cured by the ignition of the pure nitrate ; it is of a
frey colour ; it forms a pulverulent, and a crystal-
ized hydrate. It consists of 44.5 strontium.

7,5 oxygen.

52

The pulverulent hydrate contains 52 strontia.
: 8,5 water.

60,5

Strontia and its soluble compounds are not poi-
sonous ; they tinge the flame of alcohol blood-red,
while the corresponding compounds of baryta give
it a yellow tint. i

Chlorine and Strontium.—This compound, which
bas also been called Muriate of Strontia, is com-
monly procured by dissolving carbonate of strontia
in muriatic acid. It crystallizes in slender six-sided

risms, soluble in twice their weight of water at 60°.
%Vhen chlorine is made to act upon strontia, it is
absorbed, and oxygen evolved. . The resulting com-
pound contains 44,5 strontium,
88,5 chlorine.
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Nitrate of Strontia crystallizes in octoédra ; it is
soluble in its weight of water at 60°. It consists of

52 strontia.
50,5 nitric acid.

10,5 -

Bulphate of Stromtia occurs native. It is nearly
insoluble, 1 part requiring 4000 of water for its so-
Jution, When heated with charcoal, its acid is de-

composed, and sulphuret of strontia is formed, which Chemistry.
affords nitrate by the action of nitric acid. This v~/

process, equally practicable upon sulphate of baryta,

is sometimes adopted to obtain the earth. Sulphate
of strontia contains 52 strontia.
87,5 acid.
89,5
Phosphate of Strontia is an insoluble white salt,
containing 52 strontia.
: 25 acid.
7
Carlonate of Strontia exists native. Artificially

formed, it is a white insoluble body, containing

52 strontia,
20,7 carbonic acid.

72,7
Calcium.

When lime is electrized negatively in contact with
mercury, an amalgam is obtained, which, by distilla-
tion, affords a white metal. It has been called
calcium, and, when exposed to air, and gently heat-
le-d, it burns, and produces the oxide of calcium, or
ime.

Lime appears to consist of 19 parts of this metal-
lic base united to 7,5 parts of oxygen, so that its re-
presentative number will be =26.5. The combina-
tions of lime are very abundant natural products, and
of these the native carbonate, which, more or less
pure, constitutes the different kinds of marble, chalk,
and limestone, and which is also the leading harden-
ing principle of shell, coral, &c. may be considered
as the most important.

Pure lime may be obtained by exposing powdered
white marble to a white heat. Its colour is grey,
it is acrid and caustic, and converts vegetable blues
to green; its specific gravity is 2,3, it is very diffi-
cult of fusion. Exposed to air it becomes white b
the absorption of water and a little carbonic u:u{
When thrown into water, a considerable rise of teme
perature ensues. At the temperature of 60° 750
parts of water are required for the solution of one
part of lime.

Chloride of Calcium is produced by heating lime
in chlorine, in which case oxygen is evolved ; or by
evaporating muriate of lime to dryness, and expos-
ing the dry mass to a red heat in close vessels. It
consists of 19 calcium 4- 88,5 chlorine = 52,5. This
compound has a strong attraction for water, it deli-
quesces when exposed to air, and is difficultly crys-
tallizable from its aqueous solutions.

Todate of Lime is difficultly crystallizable in
small quadrangular prisms. -

Hydriodate of Lime is very deliquescent; when
dried, it becomes Jode of Cal)cl-ium, a white fusible
compound.

Nitrate of Lime is a deliquescent salt soluble in
4 parts of water at 60° It is found in old plaster -
and mortar, from the washings of which nitre is pro-

n
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Fluor Spave—Fluate of Lime~These terins have Chemistry.
been 'ﬂnd te a body containing a peculiar princiz \y"~’
ple whi

Chemistry. cured by the addition of subcarbonate of potash. It

is composed of
Lime, 26,5
Nitric aeid, 50,5
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Sulphuret of Lime is formed by heating lime with
sulpbur. It is soluble in water with the same pheno-
mena as sulphuret of potash.

e of Lime occurs native in selenite, grzg-
sum, and plaster stone. It is easily formed artifi-
cially, and then affords silky crystals soluble in 350
E:ofm». When theac or the native crystal-

salphate are exposed to a red heat, they lose
water, and fall into @ white powder (plaster of Paris),
which, made into a with water, seen solidifies.
Dry sulphate of lime eonsists of
26,5 lime, .
37,5 sulp. acid.

64

Crystallineselenite containstwe proportionsof water,
and is consequently represented by 64 4 17, or 8}.
As sulphate of lime is more soluble in water than
e, sulphuric acid affords me precipitate when
md to lime-water. all spring and river
water contains this salt, and in those waters which

are called hard it is abundant.

Phosphuret of Lime.—By passing phosphorus over
ro‘-ho?;?;e, a brown compound li?produced, which
repidly decomposes water with the evolution of phos.
phuretted h gas.  Hydrophosphuret and
ph of lime ave also formed.

of Lime exists abundautly in the bones

of animals ; it is aleo feund in the mineral warld.

I be formed artificially, by mixing solutions of

ﬁ’&mofa«handdﬂma. It is insipid and

ble, bus dissolves in dilute nitric and murigtic

acid withowt decomposition. Is is by

sulphurie scid, and shus the phosphoric acid for the

productien of phesphovus is uswally procured. It
eonsists of 96,5 Nme,

95 phesphoric acid.
5

Superphosphaie of Lime way he obtained by dis~
sqlving the phosphate in phosphboric acid; by eva-
peration, it affords small line laminzm.

Carbonate of Lime is most, abundant com~
paund of this earth. When lime-water is expased to
air, it beqomes covered with an insoluble film of ear~
benate of lime, and hence is an excellent test of the
presenca of cackenic acid. But excess of carbonie
acid redissolves the precipitate, producing a supex~
carbonate. Carbonage of lime is precipitated by the
carbonated alcalies from solutions of muriate and
nitrate of lime. Exposed %o a red heat the carbonic
acid eseapes, and guicklime is obtained.

It consists of 26.5 lime,
20,7 carhonic acid.
47,2
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has nat hitherto been obtained in an insu-
lated state.

It is a principle which probably belongs to the
acidifying supporters of combustien, and which in
fluor spar is perhaps united to calcium. It appears
to be united with hydrogen in the fluoric, or Aydro-
Jluoric acid. This supposed base has been called fluo-
rine by Sir H. Davy; and phtore (from péogios, destruc-
tive), by M. Ampére.

Hydrofluoric acid (hydrophtoric) is procured by
distilling a mixture of one part of the purest fluor
spar in fine powder with two of sulphuric acid ; the

istillatory apparatus and receiver should be of lead
or silver ; the heat required is not considerable; sul-
phate of lime remains in the retort; and a highly
acrid and corrosive liquid passes over. which requires
the assistance of ice for its condensation. This acid
is colourless, of a very pungent smell, and extremely
destructive. If applied to the skin, it instantly kills
the pert, produces extreme pain, and extensive
ulceration. At 80° it becomes gaseous; it has neves
been frazen ; it produces white fumes when exposed
to a meist air. This acid acts upon potassium and
sodium, and some other metals, with great energy;
hydrogen is evolved, and a peculiar compound, pro-
bably of the basis of the acid and of the metal, re.
sults. These compounds might be called fluorides.

Fluoboric Acid.—This is probably a compound
of fluorine with boron. It is gaseous, and may be
obtained by heating in a glass retort twelve parts of
sulphuric acid with a mixture of one part of fused
boracic acid, and two of fluate of lime reduced to a
very fine powder. The gas must be received over mer-
cury : 100 cubical inches weigh 78,5 grains ; so that
the specific gravity of fluobaric acid, compared with
hydrogen, is 32,68 ; and, with atmaspheric air, 2,371,
It produces very copious fumes when suffered tq
escape into a moist atmosphere ; and, when acted up-
on :gowater which dissolves T00 times its volume,
it affords & solution of hydroftuoric und boracic
acids, whence it would seem that the hydrogen is
transferred to the fluorine, and the exygen to the
boron. It acts with great energy on vegetable and
animal bodies, depriving them I’ogmoisture and hy.
drogen.

Magnium.

The metallic base of magnesia has not hitherto
been obtained ; but, when that earth, is negatively
electrized with mercury, the resulting compound de-
composes water, and gives rise to the formation of

nesia.

il nesia, or Ozide of Magniym-—is concluded,
from?gndirect experimengtf, to consist of 11 metal 4
7,5 oxygen ; its representative numbes, therefore, is
18,5. agnesia is a white insipid substance, which
slightly greens the blue of viclets. Its specific gra-
vity is 2,8 ; it is almoat infusible and insaluble in was
ter.

Chloride of Maim'tm may be ebtained by
chlorine over red-hot megnesia; oxyges is expell
and a substance obtained which moisture converts
into muriate of magnesia.

r
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e~ ficultly crystallized.

CHEMISTRY.
Chemistry.  Muriate of Magnesia is very deliquescent, and dif- ’

Its solution has a bitter saline
taste. Exposed to heat, muriatic acid flies off, and the
maguesia remains pure. In consists of

Magnesia, 18,5
Muriatic acid, 84,5

58

Chlorite of Magnesia is a bitter deliquescent salt.’

Hpydriodate of Magnesia is deliquescent, and loses
bydriodic acid by exposure to heat.

Nitrate of Magnesia crystallizes in rhomboidal
prisms, deliquescent and soluble in half its weight of
water. It contains

Magnesia, 18,5
Nitric acid, 50,5

69

Sulphate of Magnesia is a commonly occurring
compound of this earth, much ‘used in medicine as
an aperient. It is largely consumed in the prepara-
tion of carbonate of maguoesia. It crystallizes in four-
sided prisms with reversed dihedral summits, or four-
sided pyramids. Its taste is bitter. It is soluble in
its own weight of water at 60°. When exposed to a
red heat, it loses its water of crystallization, amount-
ing to about 50 per cent., but is not decomposed, It
consists of _

Magnesia, 18,5
Sulphuric acid, 87,5

56

In its crystallized state, it may be considered as
composed of 1 proportien of dry sulphate 4 7 pro-
portions of water,

Or, 56 Sulphate,
59,5 Water.

——

115,5

This salt is usually obtained from sea-water, occa-
sionally from saline springs, and sometimes by the
action of sulphuric acid on magnesian limestones.

Carbonate of M:fmma is generally procured by
adding carbonatcd alcalies to a solution of sulphate

of magnesia. It is a white, insipid, and insoluble
powder, which loses its acid at a red heat, and thus
affords pure (calcined) magnesia. It contains

18,5 Magnesia,
20,7 Carbonic acid.

89,2

It is soluble in excess of carbonic acid, and this
solution affords crystals of bicarbonate, containing

18,5 Magnesia,
41,4 Carbonic acid.

59,9

Silicium.

It has been assumed that the earth silica consists
of a metallic basis, united with oxygen, and that it
contains 50 per cent. of each of its components ; so0
that, if the earth be considered a deutoxide, it will
consist of

15 Silicium,
15 Oxygen.

30

Oxzide of Silicium, Silica, or Siliceous Earth—is a
:::i abundant patural product. It exists pure in
-crystal, and nearly pure in flint. Its colour is
white ; its specific gravity 2,66. It fuses at a very
high temperature. In its ordinary state it is inso-
luble in water ; but it dissolves in very minute per-
tions in that fluid, when recently precipitated in the
form of hydrate; and in the same state it dissolves
in the acids. It readily unites with the fixed alca~
lies, and forms glass ; or, if the alcali be in excess, a
liquid solution of the earth may be obtained, whence
it is precipitated in the state of a gelatinous hydrate
by acids.

The only body which acts energetically upon si-
lica is the hydrofluoric acid. The result of this ac-
tion is a gaseous compound, which has been ealled
stlicated fluoric acid ; it is probably a compound of
silicium and fluorine. To obtain this gas, three
parts of fluor spar, and one of silica finely powdered,
are mixed in a retort with an equal weight of sul-
phuric acid ; a gentle heat is applied, and the gas
evolved is to be collected over mercury.

Sijicated fluoric acid is a celourless gas; its odour
is acrid, much resembling muriatic acid ; its taste
‘very sour; its specific gravity 8,574 to air; 100 cu-
bic inches = 110,78 grains, so that its specific gravity
to hydrogen is 4,92. It extinguishes burning bodies.
It produces white fumes when in contact with damp
air, and when exposed to water, a little hydrogen is
evolved, and two compounds of silica with fluoric acid
are formed ; the one acid, and dissolved in the water,
the other containing excess of earth, and insoluble.
The dry gas contains 62 per cent. of silica ; the aque-
ous solution only retains 55 cent. Water dis-
solves 260 times its bulk of this gas. 'When one vo-
lume of silicated fluoric acid is mixed with two of
ammonia, a total condensation ensues, and a dry si-
lica fluate of ammonia results. Potassium, when heat=
ed in this gas, burns and produces a brown com-
pound, which, when dissolved in water, affords Auate
of potash. The uses of silica are numerous and im-
portant ; it forms-an ingredient in pottery and porce-
lain, and with alcali it forms glass. It appears
from the experiments of Mr J. F. Daniell, that sili-
cium exists in some of the varieties of cast iron.
(Journal of Science and Arts, Vol. I1.)

Alumium.

The earth alumina constitutes some of the hard-
est gems, such as the sapphire and ruby, and it gives
a peculiar softness and plasticity to some earthy
compounds, such as the different kinds of clay. It
is analogically considered as a metallic oxide.
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CHEMISTRY.

Chemistry:  To obtain pure alumina we add carbonate of pot-

ash to a solution of alum, and ignite the precipi.
tate ; it is a tasteless white substance, forming a co-
hesive mass with water, and retaining water even at
a red heat ; its specific’ gravity is 2; it is soluble in
soda and potash ; and forms compounds with baryta,

. strontia, lime, and silica. It is an essential ingre-

dient in pottery and porcelain.

One of its saline combinations is of important use
in the arts, namely alum; a triple sulphate of alu-
mina and potash. This salt is usually prepared by
roasting and lixiviating certain clays containing py-
rites ; to the lyes, a certain quantity of potash is
added, and the triple salt is obtained by crystalliza-
tion.

Alum has a sweetish astringent taste. It dissolves
in five parts of water at 60°, and the solution réddens
blues. It furnishes octoédral crystals. When heat-
ed, it loses water of crystallization, and a part of its
acid, and becomes a white spongy mass. In its
crystalline form, it consists of

Sulphuric acid, - 33
Alumina, - - 12

. Potasb, - - 9
Water, - - 46

100

When alum is ignited with charcoal, a spontane-
ously inflammable compound results, which has long
been known under the name of Homberg’s pyropho-
rus. The potash is decomposed in this process,

43

along with the acid of the alum, and pyrophorus is Chﬂmmy

a compound of sulphur, charcoal, and potassium,
with alumina,

Zirconsum.
The earth zircon, or the ozide of zirconium, is a
white insipid substance; specific gravity 4,3; it isfound
in the zircon of Ceylon ; it is characterized by inso-

lubility in pure alcalies, but is soluble in alcaline

earbonates, Its combinations with the acids are of

difficult solubility or insoluble, and have been very

little inquired into. '
Yéirium.

The earth yttria derives its name from Yttertz in
Sweden ; it is found in the mineral called gadolinite.
It is white and tasteless ; its specific gravity — 4,84.
It is insoluble in the caustic alcalies, but dissolves
sparingly in carbonate of ammonia. Its saline com-
binations have been scarcely examined.

Glucium.

The earth glucine was discovered by Vauquelin

in the beryl; it also exists in the emerald of Peru;
it is white and insipid; its specific gravity = 2,97.

. It dissolves in caustic potash, and soda, and thus

resembles alumine, but differs from yttria. Again, it
differs from alumine, but resembles yttria in being so-
luble in carbonate of ammonia; it is much more so-
luble in this solution than yttria. With the acids
it forms saline compounds of a sweetish astringent
taste.

TABLE

_ Exhibiting the Specific Gravities and Representative Numbers of the Melals, and of their Combinations ;

with the General and Distinctive Characters of the Metallic Salts.

—— hydriodate . .

—— nitrate . . 155
b sulphuret . . 127

—— sulphite .. {
b sulpbate . .
— b grosulphm‘et .
f—— phosphuret . 117
} Neither these

solution of gold.

—.._.phosphite . .
—— phosphate . .

riate of gold,

.o |R
SUBSTANCES. Specifie tive Nume Composition. REMARKS.
VY. | ber
Mgzrars of Fiast CLass. ) '

Gold . . . . |19,80{ 97 The salts of gold are yellow and
}— peroxide . . 104,5 97 G. + 7,5 ox. soluble in water. Potash and
—— chloride - . . 180,5 G. 4 33,5 C. soda produce in them yellow
L muriate . N .| 139 104,50x.G. 4 84,5 M. A.] precipitates. Sulphuretted hy-
o chlorate . drogen and hydrosull:huret of]

ammonia occasion black pre-

precipitate in dilute muriate of gold, which i
the iode of gold. Heat separates the iodine.
104,5 ox. G. 4+ 50,5 N. A,
97G.+3808.
Sulph. acid produces a metallic precipitate in

___jode . . } {Hydriodic acid produces an insoluble yellow]

97 G. 420 P.
ids, nor their neutral’ salts,

occasion any precipitate in solution of mu-

cipitates, phosphuretted hy-
drogen, a purple precipitate,
a plate of tin or muriate of]
tin, a purple powder. Sul-
phate of iron separates mi-
nutely divided metallic gold.
Tincture of gallsgives a brown
precipitate.  Triple prussiate
of potash occasions no preci-
pitate.
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$ee nitmate

. iode

P

Mndium

[Rhodium

e gMUMONIUTEt

protoxide
peroxide
p————o chloride
b muriate

hydriodnte
nitrate
ammoniuret
|~ ammonia muriate
sulphuret
sulphate

phosphuret
|———— phosphate

.

e hydrosulphuret

ammonia easily dissolves the oxide of
silver, Whea the solutien is evaporated,
grey compound remains, which leaves me-
tallic silver when heated. Sometimes it]

detonates
102 S. 4 15 Sul.

| 117
Hfonm a white and difficultly soluble salt.

147 09,5 O. 8. 4 37,6 S. A.
184,5 19,5 0.S.4 25P. A.

180,2 [169,5 O. S. + 20,7 C. A.
184,9 [109,5 0.S. + 25,4 He. A

Boracic acid produces no precipitate in solu:
tions of silver, but borate of soda thro
down a white borate of silver.

21 92
99,5

92 P. 4+ 7,5 0.
1255 |92 P. 4 335 C.
184  199,5°0. P. 4 84,5 M. A.

Hydriodic acid precipitates a dingy bro
iode of platinum, decomposed by heat.

The solutions of these salts

saits, occasion yellow precipi
) 107 [92P. 4158, tates. Sulphuretied | n
. . occasions & black precipitate)]
1Hydrosulphur_et of ammonia produces a Infusion of galls gimpdingy
brown precipitate in muriate of platinum,| precipitate. g
This is probably a sulphuretted hydrosul-
phuret.
I.
A soluble salt, obltained by dissolving oxi ]
of platinum in phosphoric acid.
11,50 | . The Salts of Palladium are pre-
tains, according to Vauquelin, 20 per| gipitated by sulphate of iron
cent. oxygen. dlso brown by sulphuret

The Salts of Rhodium are no

SUBSTANCES. Specific [ tve Num- Composition. REMARKS.
vty ber,
1
Gold hydrophosphuret .
carbonate . . s
cyanuret . )
pruisiate . 1
borate . . .
Silver . . . 10,50 102 . The salts of silver are
oxide 109,5 [102 S. + 7,5 ox. charcoal by the blow-
chloride . 135,5 102 S. 4 33,5 C. pipe. The soluble salts
muriate . . itated by the alcali
chlorate . . A detonating salt. which furnish dark olive
4 fode Hydriodic acid throws down iode of silver] cipitates; ®y sulphuretted hy
e hydriodate frem the nitrate,at first whine,bntbeeominq drogen aud hydrosulphuret
— * very soon yellow, then grey and hlackish.| emmonia, neady black; b
. 1160 1109,5 O. 8. + 50,5 N. A,

Sulptmte of irom, and a p!
of copper, theow down me.
tallic silver.

deep or brownish yellow.|
They afford no precipita

with solutions of soda, of sul-
phate of iron, or of prussiate|
of potash. The addition
the Intter uces a

ammonia, and many of thei

hydrogen ; black

of tm; greemsh‘bgmn
prussiste of potash;
orange by sulphate and mi:
trate of potash,
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o~/ SUBSTANCES. Specic | tive Nese- Compositien. REMARKS.
"“’o ber.
[|Rbhedium oxide . . precipitated by muriateof am-
Iridium . . monig, hydeosulphuret of am-
oxide . monig, prussiate of potash, or|
alcaline carbonates. The caus-|
METaLs of SECOND CLaSS. tic alcalies occasion a yellow
precipitate. The salts of iri-
Osmium . . diumare soluble in water, and
oxide . . generally of a blue colour.
Mereury . . . 13,50 190 " {The Mercurial Salts are volati-
|———— peroxide N 205 f1po M. + 150. cipitated yellowish by prussi-
s thloride . 223,56 190 M. 4 83,5 C. ate of potash ; brawn by
| —eeme bichloride . 257 |190 M. + 67 C. hydrosulphuret of ammonia;
e TITUIT AR 1 and copper s pure
{Chlorate of Mercury is yellow and insoluble.] mercury. The salts, with zheﬂ
- chilorate * 3 Oxychlorate furnishes crystals. protexide, farnish black prea|
e f0de . . cipitates with the alcalies, and
bydriodm . : white with muriatic acid. The,
Ditrate . . 248 197,5 O. M. 4 50,5 N. A.| salts with the peroxide furnish/
—vme—ee— sulphuret . 205 [1I90M. 158 to the fixed slcalies reddish
bisulphuret . 220 [I90M. 4 30 S precipitates, and white with/
e suiphite . . ‘ ammonia,
sulphate . 235 197,5 0. M. + 37,5 8. A Hydriodic Acid farnishes a yel-
e OXYyuulphute . v low prgsipihﬁ n r::utwmd
e SUPETOX. protoxide, and a precipi-]
— -mym ] tate with the peroxide. These
mm] uret l;e the pretiode and periode
e phosphuret .. of mercury. ]
e phioeg; . Phosphoric  Acid a
.—-—oxnﬁ::;:ate 255 [205 O.M. 4 50 P, A. |. white insoluble precipitate in
e———e— carbonate . | 218,2 |197,5 O. M. 4 20,7 C. A.| nitrate of mercury, but no
e CyaDUrEt . . 288,8 [190 M. 48,8 C. precipitate in the oxynitrate.
om0 prussiate . . |
ﬁ . . . . m,85| 97 The soluble Salts of Lead fur-
— 1. oxide . e 104,5 L. 4+ 1,50. nish colourless solutions of a
— 2, Oxide . . 108,25 97 L. 4+ 11,25 0. sweetish taste, precipitated
e 8. OXidEe . 112 L. 4+ 150. white by sulphate and prussi-
e chloride . . 130,5 7 L. 4 88,5 C. ate of potash, and by infusion
' A soluble salt, crystallizing in brilliant la.] of galls; and brownish black
chlerate . . { mine. by sulphuretted hydrogen and
——iode . . . ] hydrosulphuret of ammonia.
—— nitrate . . 155 {104,5 O. L. 4 50,5 N. A] Hydriodic acid affords a fine
j—— sulphuret . o ] 112 97 L. 4 158. ellow ﬁcipitate of iode o
e hate . . 142 [104,50. L. 4 37,5 8. A. ead. e alcalies produce
. }—nh ulpharet . white precipitates, easidly so
E— ret . . in excess of o
}—w— phosphate o 129,5 {104,5O. L. 4 25 P. A. soda, but .imolubk in excess
oo carbonatte . . 1252 [104,5 O. L. +4 20,7 C. A.| of ammonia. Zinc precipi-
. . . tates metallic lead. - The In-
; f soluble salts of lead treated|
A by the blow-pipe or charcoal,
x afford a globule of lead.
Wickel . . . 8,25| 55,5 The Salts of Nickel furnish)
o .« 70,5 [55,5 N. 4 15O, green solutions, of a i
foae—e. hydrate . . acrid flavour; ammonia fur-
e c{loride . . 122,5 [55,5N. 4 67 C. nishes green precipitates, re-
e MIUTItE . . 189,5 [70,50.N. 4+ 69 M. A, dissoluble in exoces of saleali,
e TftTatE . . ] a_nd for;nintg'::%le salts. Prus-
}———— ammoni . - siate of po orms a green-
——-sdlphural:“t. . 855 |55,5N. 4 80 8. ish precli;:utq ; hydrosulphu-
jmemwma Supersulphuret . 100,5 [55,5 N. 45 8. ret of ammonia gives a black|
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Chrome . . e

I. oxide . .
w——m 2. oxide . .
Tungsten . . .
1. oxide .
-— 2. oxide .

‘Columbium . . .

L

with sulpbate of zinc ; bright
yellow with nitrate of uranium.|
The Arseniate of Potash pro-
duces a reddish precipitate in
nitrate of silver; straw-colour-
ed with nitrate, and yellow
with oxynitrate of mercury;
white with nitrate of lead;
pale green with nitrate ol
nickel ; pale blue with nitrate

of cobalt ; white with muriate
of tin; no precipitate with
oxymuriate of tin; pale sea-
green with muriate and oxy-
muriate of iron ; straw colour
with nitrate of uranium ; and|
white with sulphate of zinc.
The compounds of the arsenic
and arseniousacids aredecom-
posed when heated with char-
coal, and exhale an alliace-
ous smell.
Chromic Acid and Chromate of]
Soda produce insoluble preci-
pitates in solutions of silver,
mercury, lead, copper, iron,
and uranium ; the colours are
crimson, red, yellow or orange,
apple green, brown, and yel-
low. No precipitate is formed
in solutions of nickel, zinc,

of copper-; pink with nitrate}.

tin, cobalt, gold, or platioum.
10

.o |Represents. Chemistry.
Specific | ¢ . i REMAR
SUBSTANCES. Gravity. tl'ebf:m Compomtion. KS. o~
Nickel sulphate . . 108 70,5 O. N. 4 87,5 S. A. | precipitate ; hydriodic acid
———- phosphuret . 75,5 |55,5 N. 4+ 20 P. forms a pea-green iode.
- phosphate . . - 955 (70,5 0. N. 4 25 P. A.
carbonate . . 91,2 |70,5 O. N. 4 20,7 C. A.
prussiate . .
MeEraLs of TaIRD CLasS. »
Arsenic . e e 8,351 45 Hydriodic Acid produces a pre-
l.oxide . . 60 a5 A. 4 15 0. cipitate of white oxide of ar-
2. oxide . . 67,5 |45 A. + 22,5 0, senic, when added to arsenite
chloride . . 112 45 A. + 67 C. of potash, and hydnodlt.e.of
muriate . . potash is formed. Arsenite
iode . . of potash gives a white preci-
hydruret . . pitate, wi bygrosulphurgto
= arsenic hydro, | ammonia; a white precipitate
mlphurety. 8e1(‘ 60 45 A. 4 15 8. soon becoming yellow and
bisulphuret . 75 45 A. 4 30 S. brown with nitrate of silver ;
sulphate . . a grey precipitate with ni-
Arseniate of ammonia trate, and a white with oxy-
silver nitrate of mercury; a white|
mercury with nitrate of lead; a pale
lead . green with nitrate of nickel ;
nickel . pale pink by nitrate of cobalt;
Molybdenum . 7,40| 44 . apple green with nitrate of]
|~ 1. oxide 51,6 [44 M.+ 7,50. copper ; white with the muri-
2. oxide 59 44 M. 4 15 O. ate and oxymuriate of tin;
8. oxide 66,6 |44 M. 4 22,5 O, dingy green with the muriate
sulphuret 74 44 M. 4 30 S. and oxymuriate of iron ; white|
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|~ ammoniuret .

i, |Representa-
SUBSTANCES. Gs!’”ﬁ‘nmy_ tive Nun- Composition. REMARKS.

Antimony . . 6,70| 85 The soluble binary salts of the

1. oxide 100 85 A. +150. protoxideofantimony are pre-
2. oxide . 107,5 |85 A. 4 22,5 O. cipitated white by water ; the
chloride . . 152 |85 A. 4 67 C. precipitate is a subsalt. Sul.
e ——— muriate . phuretted hydrogen, and hy-
iode . . drosulphuretof a_ngmonia, give
sulphuret . 115 {85 A.+4308. an orange precipitate, and a
sulphate plate of iron or zinc throws

~———— hydrosulphuret down the metal in the form of|
pﬁosphuret a black powder.

Uranium pbo.spbat.e . 9 Of the Salts of Uranium the
oxide . . greater number are soluble,

and of a greenish yellow
colour ; they form yellow pre-
cipitates with the alcalies, and
" afford a reddish yellow iode
with hydriodic acid. Prus-
siate of potash forms a preci-
Cerium e e 86 pitate of a rich brown colour,
i.oxide . . 10r (86 C. 4 150- and hydrosulphuret of ammo-
2.oxidle . . 108,5 (86 C. 4 22,5 O.. nia one nearly black.

Cobalt . . . . 8 Nearly all the Salts of Cobalt

1. oxide . . are of a red colour; potash,
|~ 2.0xide . . soda, and ammonia, produce
chloride . . in them blue precipitates of]

—Uriate . . hydrated -oxide, which is se-

—— sulphuret . . luble in excess of ammonia,

|~ sulphate . . producing a red solution..Hy-

|~——— hydrosulphuret . drosulphuret of ammonia gives

——— phosphuret . a black precipitate. Prussiate

|———— phosphate . . of potash a pale green. Car-

bonates, phosphates, and ar-
seniates, produce red precipi-
tates. Hydriodic acid does
not precipitate the salts of]
cobait. -

Titanium . . 185 The Salts of Titaniumare colour-

1. oxide . 142,5 185T. 417,50 less, and afford white preci-

! 2. oxide . . pitates withthealcalies. Prus-

3. oxide . 150 1185 T. 4+ 150.. siate of potash gives a green

. precipitate, and infusion of]
galls a red one.  Hydrosul-
phuret of gmmonia gives a
green precipitate.

Bismuth . . 9,80 66,5 The Salts of Bismuth are pre-
oxide . . 74 66,5 B. + 7,6 O. cipitated white by water—
chloride . 100 (66,5 B. 4 33,5 C. brownish black by sulphuret-
nitrate . . 124,5 [74 O. B. 4 50,5 N. A. tedhydrogen—yellowish white
sulphuret . 81,5 [66,5B. +158S: by precipitate of potash, and
sulphate . hydriodic acid affords a deep
bysruulphutet brown iode of bismuth.

Copper . . . 8,90 60 The salts of this metal are dis-

1. oxide . . 67,5 [60C. 4 7,6 O. tinguished by their blue and
2. oxide . 75 60 C. 4 15 O. colours ; their solutions
———— 1, chloride . 98,5 [60 C. 4 38,5 C. afford blue precipitates of hy-
2. chloride 127 [60C.467C. drated oxide with the alcalies,
submuriate . . 184,5 150 O. C. 4 84,5 M. A. | and these redissolve in excess
|~———— muriate . . 144 [150.C. 4 69 M. A. of ammonia, producing a deep
eeemeea chlorate . blue solution. A plate of iron
nitrate . . 1256,5 |75 O.C. 4 50,5 N. A. precipitates metallic copper;

prussiate of potash affords a
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SUBSTANCES. oo | ive : Now- - Compesisien. BAMARES.
Copper sulphuret . 75 60 C. 4 15 S. fine brown precipitate ; hy-
: bisulphuret . 90 C.4+208. drosulphuret of ammonia o!
\ sulphite . . of a dirty brown; hydriodi
| S (dry) . 75 0.C. 4 75 8. A. acid produces am
h uret . iode of an ash grey colour.
asmee phosphuret . .
AS——— phuphﬂe . 92,5 67,5 Q c. + 25 P- A.
oxyp 125 [7150.C. 4+ 50 P. A.
carbanate . 95,7 175 0.C. + 20,7 C. A.
prussiate .
Tellurium . . 6,10| 37
oxide . . 445 MT.+1750.
chloride . 70,5 |87 T. 4 33,5 C.
Merars of Founra CLass.
Iron . . 7,78] 52 The Solutions of Iron are known
1. oxide . . 67 52 I. 4+ 15 O. by affording & purple or blac
e 2. OXide 745 (52 1. 4 22,50. precipitate to infusion of galls.
——1.chioride . . 119 e I. 4 67 C. They give no precipitate wi
eem—e 2. chloride . . 152,6 {52 L. 4 100,5 €. hydriodic acide
—— muriate . . 186 O.1. 4 69 M. A.
h urtate . . 178 74,6 O.1. 4 108,5 M. A.
e i0d € . .
' mitrate . . 168 67 O. L. 4 101 N. A.
——— oxynitrate . 226 74.5 0. I. 4 151,5 N. A.
e gulphuret . . 82 [52L 4 80S.
—— bisulphuret . . 11; 52[.-}-608.8 A
—— sulphate . . 14 67 0.1. + 75 S. A.
S crystallized
—— oxysulphate . . 187 74,5 0.1 4 112,5 8. A,
e hydrosulphuret .
e phosphuret . . .
oo Ph.phm . . 117 67 O.L + 50 Po A.
- o‘ymm .
[e— cll'bl.ltet . L]
— a’bﬂ.m . . 108’4 67 O. I, + ‘l" C. A,
|~ prusstate . .
Tin . o . 7,30 55 The Hydriodic Aeid
e 1. Oxide . . 62,5 35 T. + 7,5 0. orange precipitate with solu-
e 2. oxide .. 1Y 55 T. 4 15 O. tion of muriates of tin, pro-
—— 1, chloride . . 88,5 |55 T. 4 38,5 0. vided there be no excess o
e 2. chlovide . . 122 55 T. 4 67 C. acid. Hydrosulphuret of am-
—— muriate .. 97 62,5 O. T. 4 84,5 M. A.| monia produces a precipitate
—. oxymuriate . . 139 70 O. T. -+ 69 M. A. of a deep orange colour,
S .« e e other characters are noti
—— nitrate . . . 113 2,5 O. T. 4 50,4 N. A in the text.
—w sulphuret .« . 70 T. 4 15 8.
e lmulphum .. 85 5T. + 30 S.
S .uls - e .
rosulphuret .
— phosphuret . . 65 %5 T. 4+ 10 P
L— prussiate o« .
Zinc . .« . 7 33 The Solutions of Zinc are not
\—-ooxm . Y 40’5 z- + 7.5 0- g’eﬂplt.ltedbyhydﬂ‘ﬂlc‘md-
| e chloride . . 66,5 3 2. 4 88,5 C. 'otash, soda, snd ammonia,
| muriate . . 75 y6 0. Z. 4 34,5 M. A, formwhxtepmclpuﬂesredm-
jode . . . soluble l:d;:xcwde;&fr of
e By diri o s acid or al _Hydrosulphu-
—_MM . . 91 |40,50.Z. 4 50,3 N. A. | ret of ammonia produces

1
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resenta-
SUBSTANCES. Specific o o Composition. REMARKS.
ﬂﬂty- ber.
Zinc sulphuret . . 48 33 Z. 4+ 15 8. yellowish white precipitate,
sulphate .. 78 40,5 O.Z. 4 87,5 S. A. | and the soluble phosphates,
—— hydrosulphuret . borates, and carbonates, all
~— phosphuret . . form white precipitates.
phosphate . . 65,5 [40,50.Z. 4+ 25P. A.
carbonate . 61,2 [40,5 0. Z. 4+ 20,7 C. A.
prussiate . . A
Manganese .« . 6,85| 56,5 The Salts of Manganese are not
1. oxide . 71,5 56,5 M. 4 15 O. precipitated by hydriodicaeid.
hydrate 88,5 71,5 0.M. 4 17 W, They furnish white precipi-
—— 2. oxide . 79 56,5 M. + 22,5 O, tates with the alcalies, whieh
- chloride . 123,5 |56,5 M. + 67 C. blacken by exposure to air.
muriate . 140,5 (71,5 O. M. 4 69 M. A, They are precipitated white
o nitrate . . by prussiate of potash, and
~————— sulphuret . yellow by hydrosulphuret of]
—————: sulphate . 146,5 [711,5 0. M. 4 75 S. A. ammonia,
phosphuret .
phosphate .
carbonate 112,9 [71.5 0. M. 4 41,4 C. A.
prussiate .
MEzr413 of Frrra CL4ss.
Potassium . . 0,85| 87,5 The following characters belang
protoxide | 5 [B1,5P.417,50. to the Salts of Potassium :|
hydrate 53,5 |45 O. P. 4 8,5 water, They are all soluble in water,
peroxide . 60 (87,5 P. 22,5 O. and afford no precipitates with
chloride . 71 [87.5 P. 4 83,5 C. pure or carbonated alcalies;
|=————chlorate . 116 [50.P. 4 71 C. A. they produce a precipitate in
|e———iode . 155,25 (87,5 P. 4+ 117,75 L. muriate of platinum, which ..A
hydriodate 168,75 45 O. P. 4 118,75 H. A, | 8 triple compound of potassa,
—— oxiodate . - oxide of ghtmnm, and mu.
hydruret . rigtic acid. They are not
hyd. potassuretted changed by anlpburett_ed hy-
nitrate . 95,5 |45 O.P. 4 50,5 N. A. drogen, nor by prussiate of]
sulphuret 52,5 187,5P 4158. potash. . Added to s )
sulphite . 75 45 0. P. 4 80 8. A. of alun!me, they enable it to
-solphate . 82,5 |45 P. 4 97,5 S. A. crystallize so as to form alum.
bisulphate . 120 45 O.P. 475 S. A.
phosphuret
phosphite . 62,5 450.P.4175P. A,
|=——eee— phosphate . 70 45 O. P. 4- 25 P. A.
e carbonuate . 65,7 [450. P. 4 20,7 C. A.
bicarbonate 86,4 145 0. P. 4 41,4 C. A.
oo Cyanuret .
prussiate .
arsenite .
arseniate .
chromate . '
Sodium .. 09 | 22 All the Salts of Soda are soluble]
1. oxide . 29,5 [228.417,50. in water; they are not preéi-
hydrated 38 9,5 0. S. + 8,5 W. pitated by pure or carbonated
peroxide alcalies, nor by hydrosulphuret;
=meee— chloride . 555 R2S.+4385C. of ammonia, nor prussiate olj
e Chlorate . 100,5 9,5 0. S. + 71 C. A. potash; nor do they produce
iode . . 139,75 R2 S. 4 117,75 1. any Precipitate in solution of]
oxiodate . 184,75 129.5 O. 8.4 155,25 O. A| muriate of platinum. They
~wme—w— hydriodate . 148,25 29,5 O. 8.4 118,75 H. A| do not -convert sulphate of]
e Ditrate . 80 9,5 O. 8. 4 50,5 N. A. | alumine into alum.
sulphuret . .
sulphite .
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SUBSTANCES. Spedtic e o Composition. REMARKS.
TAvity. bez.
Sodium sulphate 67 9,5 0. S+ 87,5 S. A.
e~ phosphuret
————— phosphite . 47 [29,50.8.4 17,5 P. A.
'~ phosphate 54,5 [29,6 0.8.425P. A,
————— biphosphate 79,5 9,5 0. S. 4 50 P. A.
subcarbonate 50,2 9,5 O. S. 4- 20,7 C. A.
| e bicarbonate 70,9 9,5 0. S. + 41,4 C. A. |
cyanuret .
prussiate .
subborate .
‘ arseniate .
Barium . . - 65 The Soluble tic Salts fur-
oxide . . 725 65B.+17,50. nish white precipitates of car-
‘ hydrate 81 [12,50.B.48,5W. bonate of baryta, by the alca-
|——— chloride . . 98,5 [65B. 4 33,5 C. line subcarbonates. " Sulphuric
chlorate . . 143,5 [72,5 0. B. + 71 C. A. acid and the soluble sulphates
———— iode . . occasion white precipitates of
oxiodate . sulphate of ta in the solu-
~———— hyriodate . - tion of the earth. They are
———nitrate . . 128 [72,5 0. B. 4 50,5N. A. | poisonous, and tinge flame
| ——— sulphuret . yellow,
 sulphite . 102,5 [72,5 O. B. + 30 8. A.
| sulphate . 110 72’5 0' B‘ + 37)5 S- A-
phosphuret .
phosphite .
phosphate . 97,5 [12,5 0.B. 425 P. A.
carbonate . 9s,2. [12,5 0. B. + 20,7 C. A. Lrh
Strontium . . “,5 | e Salts of Strontium furnish
——— oxide . 52 44,5S.4+750. white precipitates with the al-
- hydrate 60,5 [520.8.485W, caline subcarbonates, and with
———— chloride . 78 44,5 S. 4 38,5 C. sulphuric acid and sulphates ;
————— muriate . 86,5 |52 O. S. 4 34,5 M. A. they tinge flame of a fine red;
—— I::ﬂtrahte . 102,5 (52 O. 8. + 50,5 N. A. they are not poisonous. They
e gulphuret . are decomposed b [
|———— sulphate . - 89,5 [52 0. 8. 4 87,5 8. A. which has a strongeyr b‘:g:::
|-~————— phosphate . 77 52 O S., 425 P. A. tion for acids than strontia;
e carbonate 72,7 0. 8. + 20,7 C. A. they are more soluble than
barytic salts, but pure stron-
. tia is less soluble tKan baryta.
Calciom . . . 19 The Salts of Lime furnish preci-
oxide . . 26,5. 19 C. + 7,5 O. pitates of carbonate ot lime]
hydrate 85 26,5.0. C. & 8,5 W. by the carbonated alcalies ;
——— chloride . 52,6 |19 C. 4 83,5 C. they afford no precipitate with
muriate . 61 6,5 0.C. 4 34,5 M. A. | caustic ammonia. Oxalic acid,
chlorate . 97,5 5 0. C. 4 71 C. A, and oxalate of ammonia, pro-
———iode . . 186,7 [19C. 4+ 117,7 L duce precipitates of oxalate of]
oxyiodate . 181,75 [26.50.C. 4 155,25 0. A lime, which, at a red heat, af-
hydriodate . 145,2 6,5 0. C. 4+ 118,7 H. AJ fords quicklime,
nitrate . i 6,5 0. C. 4 50,5 N. A.
sulphate . 64 6,50.C. 4 87,5 8. A
sulphuret . .
phosphuret
phosphate 51,5 [R6,50.C. +25P. A.
—— biphosphate . 76,5 26,5 0. C. 4 50 P. A.
te . 47,2 [26,5 O. C. 4 20,7 C. A.
‘ fluoride .
Hydrofluoric acid .
[Fluoboric gas . . 82,68 tohydrog.
Merars of Srxra CLass.
Magnesium . . 11 The salts of magnesia are de-
oxide . 185 N1 M. 4+ 3,5 0. composed by solution of pot-
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SUBSTANCES. Gnm’Tﬁvebl:’um- Composition. REMARKS.
Magnesium hydrate . 27 18,5 0. M. + 8,5 W. ash, and by its subcarbonate ;
chloride . 44,5 |11 M, 4 83,6 C. the precipitate does not redis-
I— T}, 717 . 58 18,5 0. M. + 84,5 M. A.| solve in excess of the alcalies,
chlorate . but readily dissolves in excess
hydriodate ., o:‘_ sulphuric acid, The salts
nitrate 69 [18,50. M. N.A.| © mine'iﬂ are not precipi-
sulphite . ’ + 805 tated by a solution og bicar-
sulphate . 56 18,5 0. M. 4 87,6 S. A. | bonate of potash (cold), nor
nate . 39,2 18,56 0. M. 4 20,7 C. A. | by subcarbonate oi: ammonis ;
bicarbonate . 59,9 18,5 O. M. 4 41,4 C. A. | but if heat be applied, carbo-
Silicium . . 15 nic acid escapes, and the
Silicated fluoric gas 4,92 [tohydrog. earth is precipitated in the
Alumium . . state of subcarbonate. The
Zirconum . . 85 salts of magnesia are only par-
Yttrium . tially decom by ammo-|
Glucium . nia, which forms triple salts|
with the earth and acid. Oxa-
late of ammonia does not pre-,

] cipitate magnesia.

PART IV. and increase it in the day. M. de Saussure found

VeGETABLE CHEMISTRY.

This part of the science relates to the chemical
changes which are observed during the germination
and growth of plants; to the composition of vege-
table substances ; and to the phenomena and pro-
ducts of fermentation.

The seeds of plants consist of three distinct parts.

1. The exterior coat or membrane. 2. The coty-.

ledons, which form the bulk of the seed. 8. The

When a seed is placed under favourable circum-
stances for germination, the exterior coat bursts from
the swelling of the cotyledons—the germ increases
in size—it puts forth a radicle, which soon becomes
a perfect root, and a plumula which forms the stem
and leaves. -

A due temperature, generally between 50° and 70°,
a proper sufply of moisture and access of air, are
the essential requisites for perfect germination.

The oxygen of the atmosphere abstracts carbon
from the principles of the cotyledons, by which sac-
charine matter is formed; this is absorbed by the
vessels which, arising from the y germ, ramify
through them, and tends to riourish the young plant
until its roots are fit for their functions. Water is
obviously required in these ch which termi-
nate in producing a plant with a root, stem, and
leaves.

The leaves of plants, when exposed to the sun’s
rays, absorb carbonic acid from the atmosphere, and
evolve oxygen. If healthy leaves, en a
warm dry dga;, be placed under a jar of air, it will be
found that, during the night, those which are thick
and fleshy absorb a portion of oxygen, while those
which are thin and delicate absorb also oxygen, and
evolve a portion of carbonic acid; which, l‘xlpon ex-
posure 'to the sun, they again decomgoce and restore
the oxygen: So thn:lyﬁckg?uva diminish the bulk of
the air to which they are exposed during the night,

the leaves of the Cactus opuntia especially adaptéd
for these experiments. It is only the green parts of
plants that exhibit these properties. The roots,
wood, and flowers, simply evolve a small portion of
carbonic acid. From manures and the soil plants
absorb small quantities of saline and carbonaceous
matter. The salts most commonly found in vege-
tables are carbonate, sulphate, and ph te of
potash, carbonate and phosphate of lime, phosphate
of magnesia. We also find the chlorides of potas-
sium and sodium, the oxides of iron and manganese,
and silica.

Vegetable substances may be considered as con-
sisting of ULTIMATE and PROXIMATE PRINCIPLES.
Of the ultimate principles the most important are
Ozygen, Hydrogen, Carbon, and Nitrogen. The
three first exist in all vegetable bodies—the latter is
confined to a few. To exhibit these elements, a
vegetable ‘substance, starch for instance, may be put
into a small earthen retort, to which an en tube
is attached, passing through a furnace, and alightl
inclived. To the other extremity of this tube is
annexed a receiver, whence a bent glass tube issues
to convey the gaseous products to the mercurial
trough. The earthen tuge is beated to redness, and
afterwards the retort is ually raised to the same
temperature—the st is thus decomposed, and
affords charcoal and water, carbonic oxide and acid,
and carburetted hydrogen. Sometimes a little em-

pyreumatic oil and acetic acid are formed, and if

the vegetable contain nitrogen, there is more or less
ammonia produced.

The prozimate principles of vegetables may be ar-
ranged under four divisions, founded upon the nature
and &roportiom of their ultimate components. In
the first division are comprised those in which the
relative proportion of the oxygen to the hydrogen is
greater than in water. In the second, those in which
the relative proportions of oxygen to hydrogen are
the same as in water ; in the third, those in which

51
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Chemistry. there is excess of hydrogen; in the fourth, those
‘"= which contain nitrogen.

The bodies contained in the first division are all
acid, and as they are described in the Article Cux-
misTRY of the Encyclopadia, it will here only be
required to enumerate them.

1. Acetic acid, composed of

Carbon, 1 . . " 50,224
Oxygen an hydrogen in the
proportions of water, 46,911
Excess of oxygen, . 2,865
100,000
2. Ozalic Acid, containing
Carbon, . 26,566
Oxygen and hydrogen in the
proportions of water, 22,872
Excess of oxygen, . 50,562
100,000
3. Citric Acid, containing
Carbon, . . 338,811
Oxygen and h drogen asin
water, y 52.’749
Excess of oxygen, 13,440
100,000
4. Tartaric Acid, cousisting of
Carbon, di) 4 o 24,050
Oxygen and hy rogen as in
waier, Be 55,240
Excess of oxygen, 20,710
100,000
5. Benzoic Acid.
6. Camphoric Acid.
7. Gallsc Acid.
8. Malic Acid.
9. Suberic Acid.

10. Succinic Acid.

11. Mellitic Acid.

12, Saclactic Acid.

To these the following have been lately added :

18. Fungic Acid. Discovered in eertun fungi by
M. Braconnot. It is deliquesceat,
colourless, and of a very sharp flavour. It forms
with baryta a difficultly crystallizable salt, soluble in
15 parts of water at 60°; with potash and soda un-
crystallizable deliquescent salts, insoluble in alcobol ;
with oxide of zinc a crystallizable salt. Added to
acetate of lead it produces a white flocculent i
pitate, soluble in distilled vinegar. (Sée Annales de
Chimie, tom. 87.)

14. Kinic Acid, found in combination with lime in
cinchena bark. (Vauquelin, Annales de Chimie, tom,
59.)

The law of definite proportions, as applied to salts of
vegetable acids, has not been sufficiently investigated.

The substances of the second division contain
oxygen and hydrogen, in the same relative propor-
tions as in water. All these bodies are solid,
vier than water, inodorous, and without action on
vegetable colours. Thenr gropernes are described
in the En gmi1sTRY). They are,
1. Sugar. 2. Gum. 3 Starclc Iodine is an excel-
lent test for starch. It produces a deep blue colour
when added to its solutions. 4. Lignin.®* 5. Tannin.
(See Mr Hatchett’s papers on this subject, Phil,
Trans. 1805.) 6. Extractive.

The third division contains bodies with excess of
hydrogen; they generally abound in carbon, and
are insoluble, or sparingly soluble in water. They
are, 1. Fized Oil. 2. Volatile Oil. 3. Resin. 4.
Caoutchouc. 5. Camphor. 6. Waz.t

The fourth division contains one substance only,
namely Gluten ; which, when submitted to destruc-
tive distillation, affords products analogous to those
of animal matter, and especially characterized by
ammonia.

Besides the bodies which are comprehended in

* MM. Gay-Lussac and Thenard have concluded, from their experiments on the wood of the oak and the

beech, that 100 parts of the first contains:

Of carbon, 52,58 And 100 parts of the second : Of carbon, 51,45
— oxygen, 41,78 — oxygen, 44,73
— hydrogen, 5,69 — hydrogen, 5,82

1 From the experiments of Gay-Lussac and Thenard, it appears that olive oil contains, in 100 parts,

Carbon, 77,213 100 parts of common resin contain Carbon, 75,944

Oxygen, 9,427 ) Oxygen, 13,887

Hydrogen, 13,360 Hydrogen, 10,719
Or of Carbon, . . . 75,944

Oxygen and hydrogen in the propomom neeesnry to form water, 15,156

Hydrogen in excess, .

8,900

- According to the same chemists, 100 parts of copal consist of

Carbon, 76,811 Or, Carbon, . . . 76,811
Oxygen, 10,606 Water or its elements, 12,052
Hydrogen, 12,583 Hydrogen, « . 11,187

100 parts of wax consist of

Carbon, 81,784 Or ot.herwxse, Carbon,
Oxygen, 5,544
Hydrogen, 12,672 Hydrogen, .

81,784

Oxygen and hydrogen in the propomons necenary to form water, 6,800

. 11,916
8
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Chemistry. the preceding divisions, there are several other

proximate principles of vegetables, the nature of
which has not been sufficiently investigated, so as to
- enable us to class them according to their ultimate
components; such as the narcotic principle of
opium (Annales de Chimie, 1817), and the colour-
ing matter.

Several different colouring principles have already
Been recognised, of which the principal are, 1. He-
matine, the colouring matter of logwood, soluble in
alcohol and in water. 2. Carthamine, from the
flowers of the Carthamus tinctorius, insoluble in
water and alcohol, but soluble in alcalies. 3. In-
digo, insoluble in its ordinary state in water, alco-
hol, and alcalies, but soluble in sulphuric acid. By
the action of certain substances which absorb oxy-
gen, indigo becomes n, and, in that deoxydized
state, is soluble in a’calies. M. Chevreul obtained
from 100 parts of indigo of Guatimala the following
results : (Annales de Chimie, Tom. 76. p. 29.)

Green matter united to
ammonia, a little deoxy-
dized indigo, gum and
extractive,

Green matter, red resin,} 30

Dissolved by water, 12

Dissolved by alco-

hol, . and a little indigo,
Red resin, -
Dissolved by muri- | Carbonate of lime, g 10
atic acid, . Red oxide of iron, | 2
Alumine, . J
. Silica, . . 3
Residue, ¢ Pure }ndigo, . 45
100

When indigo is heated, it sublimes in the form of
a violet-coloured vapour, much resembling iodine,
and condenses in crystals upon the cooler part of the
vessels.

Phenomena and -Products of Fermentation.
Under the articles CueMIsTRY, BREWING, MALT-
ING, and VINEGAR MAKING, in the Encyclopadia, will
be found the leading technical and theoretical obser-

vations upon the subject of fermentation. The result

of this process is the conversion of a portion or the
whole of the sugar contained in the original liquor into
alcohol. Different wines contain different portions of
alcohol, according to the circumstances under which
they have been made, and the composition of the juice
of the grape or other materials employed. To ascer-
tain the quantity of alcohol which any wine contains,
its acid may be saturated with potash ; a given mea-
sure is then to be distilled with a gentle heat, nearl

to dryness, and the deficient bulk of the distille

liquor is to be made up with distilled water. This
mixture is to be shaken and set aside for twenty-
four hours. Its specific gravity will then showthe
quantity of alcohol which the wine contains, and
which inay be immediately seen by reference to Mr
Gilpin's tables, published in the Phil. Trans. for 1794.
The following table, taken from Mr Brande’s paper in
the Phil. Trans. for 1811, shows the relative quan-
tity of alcohol contained in the principal wines, &c.

2 Py
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WINE. g £ WINE. g ig
EE'& E'EE
P?n « + « . |21,40{|White Hermitage |17,43
Ditto . . . . |22.3¢|Red Hermitage . [12,32
Ditto . . . |28389Hock . . . . |14,87
Ditto . . o |28, 71Ditto . . . 8,88
D_itto e « « o |2429Vin de Grave . 112,80
Ditto . . . . [2583 Frontignac ., . [12,79
Madeira . . . 19,34|ICoti Roti . . 12,39
Ditto . . . . [21,40[Rousillon . . |17,26
Ditto . ., . . [23,99Cape Madeira . |18,11
Ditto . . . . [24,42|Cape Muschat . |18,25
Sherry - . . . [18,25]Constantia . . |19,75
Ditto . . . . {18,79iTent . . . . [18,30
Ditto . . . . |19,81iSheraaz . . . |15,52
Ditto . . . . |[19,8%Syracuse . . . |15,28
Claret . . . . [12,91)Nice . . . . |14,68
Ditto . . . . |14,08fTokay . . . | 9,88
Ditto . . . . {16,32]Raisin Wine . . [25,77
Calcavella . . [18,10fGrape Wine . |18,11
Lisbon . . . |18,94{Currant Wine . .|20,55
M « + o |17,26fGooseberry.-Wine |11,84
Bucellas . . . |18,49fElder Wine . . 9,87
Red Madeira . |18,404Cyder . . . | 9.87
Malmsey Madeira |16,40[Perry . . . . | 9,87
Marsala . . . |2587fBrown Stout . 6,80
Ditto . . . |17,26jAle . . . . 8,88
Red Champagne |[11,80[Brandy . . . (53,39
White Champagne [ 12,80]Rum . . . . [53,68
Burgundy . . [1453jHollands . . . {51,60
Ditto . . . . (1195

The most recent analysis of alcohol is by Mr Th.
de Saussure (Annales de Chimie, t. 89), from whose
researches it appears, that 100 parts, specific gravity
792, consist of

Carbon, 51,98
Oxygen, 34,32
Hydrogen, 13,70

100

It is probable that pure alcohol, free from water,
consists of .
100 parts elements of olefiant gas.
- 50 of water.

Elthers are formed by the action of certain acids upon
alcohol. The distillation of equal weights of sulphu-
ric acid and alcohol produces sulphuric ether, of which
100 parts, specitic gravity 0,7155 at 68°, contain

Carbon, 67,98

Oxygen, 17,62

Hydrogen, 14,40
100

Or deprived of adherent water, it may be considered
as containing
100 parts elements of olefiant gas.
25 of water.

53

Chemistry.




CHEMISTRY.

So that the action of the sulphuric acid in convert-
ing alcohol into ether, consists in the removal of
one-half of the elements of water which it contains,
the proportion of the elements of olefiant gas re-
maining the same. If the whole of the elements of
water be removed from alcohol, olefiant gas is the
only result. i

Nitric Ether is formed by gradually adding half a
pound of nitric acid to two pints of alcohol contain-
ed in a glass retort. A pint and a half is to be dis-
tilled over by a very gentle heat, which, by redistil-
lation with pure potash, affords nearly a pint of ni.
tric ether. It is heavier than alcohol, and of a pe-
culiar acrid flavour and fragrancy. Passed through
a red-hot tube it affords water, prussic acid, ammo-
nia, oil, charceal, carbonic acid and oxide, carburet-
ted hydrogen and nitrogen, and its oxides.

en equal parts of nitric acid and alcohol are
mixed, a violent action soon ensues, and a copious
evolution of nitrous etherised gas is the result.

If 100 parts of mercury, dissolved in a measured
ounce and a half of nitric acid, be added to two
measured ounces of alcohol, and a gentle heat ap-
plied, a violent action ensues, during which a whitish

owder, which is fulminating mercury, is deposited.
t was discovered by Mr Howard, according to

whom it consists of oxalate of mercury combined

with nitrous etherised gas. Berthollet considers it
as containing ammonia, oxide -of mercury, and a pe-
culiar vegetable bodi”

-Hydriodic Ether been obtained by M. Gay-
Lussac by distilling a mixture of alcohol and hydrio-
dic acid. ( Vide Annales de Chimie, t. 91.)

For an account of the remaining Ethers, and some
other vegetable products not noticed here, the reader
is referred to the article CHEMISTRY in the Encyclo-
pedia.

' PART V.

ANIMAL CHEMISTRY,

The decomposition of animal substances is in ges
neral attendes by more complicated results than
those of vegetables. Ammonia is produced in
abundance by the greater number of them, and cer-
tain combinations of sulphur and phosphorus with
the compounds of carbon, &c. as afforded by ve-
getable decomposition. Oxygen, hydrogen, car-
bon, nitrogen, sulphur, and ‘phosphorus, may be
-considered as the most frequently occurring ultimate
elements of animal substances, and these give rise
to various compounds produced by their destructive
distillation, such as water, subcarbonate of ammnonia,
prussic acid, &c. &c. Animal substances are ‘de-
composed with peculiar phenomena by the acids.
Sulphuric acid carbonizes them, and produces water,
ammonia, and oily matter ; and if heat be applied, the
acid is decomposed, and sulphurous gas disengaged.
The action of nitric acid is attended by yet more
complicated results ; it gives rise to the formation of
water, carbonic acid, mitrogen, nitrous oxide, ni-
trous, prussic, acetous, malic, and oxalic acids, am-
monia, and a peculiar yellow detonating compound.
Heated with liquid fixed alcalies, animal substances
afford ammonia, carbonic and acetic acids, and a pe-
culiar body which forms a soapy compound ; and in
general, when ignited with potash or seda, cyanurets

-cult of incineration.

are formed, which, by the action of water,
hydrocyanates (prussiates).

The proximate principles of animals have not yet
been sufficiently investigated to enable us to arrange
them according to their composition ; they will be
most conveniently examined as resulting from the
chemical examination of the different products of
animal bodies ; these may be considereg in the fol-
lowing order:

1. Blood.

2. Bile.

8. Milk.

4. Lymph.

5. Urine.

6. Cutis or skin.

7. Muscles, membranes, ligaments, horn, hair,&c,
8. Oil and fat.

Q. Brain and nerves.
10. Shell and bone.
11. Concretions,

Blood.

This fluid, in the large arterial vessels of the more
rfect animals, is florid red, and of a brownish red
in the veins. Its specific gravity varies from 1083
to 1126. Its temperature is between 97° and 102°.
When drawn from th:h:li)rgcent;ing vessels, ﬁl’ll:l under-
a ntaneous orming a coagu-
f:: and'P: fluid serum. During this coagnhtl%:,
there to be no increase of the temperature
of the blood. (See Dr Davy's iments. Joure
nal of Science and Arts, Vol. IL. p. 247.

Serum is a yellow fluid, of a specific gravity of
1029. Ata teinperatnre of 160° it coaguﬂ:n yml;o
a firm whitish mass. Serum is also coagulated by
alcobol, by most of the acids, and by the negative
surface of the Voltaic pile. The substance in the se-
rum which thus coagulates is called Albumen, a
frequently occurring proximate principle of animals,
and which exists in considerable purity in the white
of egg.

Lg' ? id Albumen is always slightly alcaline ; it is
solul:Y: in water, and the solution furnishes a floccu-
lent precipitate with corrosive sublimate, and muriate
of tin; if not very dilute, it is also })recipitated by the
other coagulants of albumen. It soon putrifies at
the temperature of 60° and sulphuretted hydrogen is
evolved. If dried by a heat between 100° and 120°,
it forms a brittle t substance like amber.

Coagulated Albumen is insoluble in water ; it does
not putrify, but, ex to dry warm air, it gradually
becomes tough and semitransparent, and much re<
sembles horn. When digested in water, it affords a
weak alcaline solution of albumen. Submitted to
destructive distillation, it affords products marked by
abundance of ammonia, and a coal remains, very diffi-
(See Mr Hatchett's Papers in
the Phil. Trans. for 1799 and 1800.) Dr Marcet ob-
tained the following results from the analysis of
1000 parts of the serum of human blood. (See
Medico- Chirurgical Trans. ¥ol. IL.)

Water, - - - 900,00
Albumen, - - - 86,80
Muriate of potash and soda, - 6,60
Muco-extractive matter, - 4,00
Subcarbonate of soda, - - 1,65

produce Chemistry.
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Picromel is a principle peculiar to bile, of an acrid Chemistry.

Sulphate of potash, - - 0,35
Earthy phosphates, - - 0,60
1000

When serum or white of efg is coagulated by
heat, there oozes from it a yellow fluid, which has
been called serosity, and which consists of albumen,
soda, and water. By washing the coagulum, almost
the whole of the alcali may be separated ; the acids,
alcohol, and gegatively electrified surfaces, also se-
parate soda when they coagulate albumen. It ap-
pears, then, liquid albumen is a compound of soda
and albumen with water; but that, after coagula-
tion, the soda is found with the water, and the albu-~
men solid and with scarcely any alcali. :

The Coa or Crassamentum of Blood may
be separated into two portions by copious washings
with water; namely, into a white tough substance
having all the essential characters of coagulated al-
bumen, and which has been called fibrine, and into
colouring mgtter.

The colouring matter diffused through the serum
appears as a number of red globules, which in water

part with their colour, and become white, and near-
ly transparent. In this state they appear to consist
oyf albumen. The red substance?é soluble in water,
in muriatic, dilute sulphuric, acetic, tartaric, oxalic,
and citric acids; the solutions are red by reflected,
and green by transmitted light. Alcalies also form
red solutions of the colouring principle. Nitric acid
instantly destroys it.

Hence it appears that the blood consists of water,
albumen, colouring matter, subcarbonate of soda, and
certain saline substances, of which common salt is th
principal. The cause of its taneous i
18 unknown ; the effect which we observe is the so-
lidification of one part of the albumen with the co-
louring globules, forming the crassamentum ; while
another portion of the nfbumen remaing fluid, con-
stituting the serum.

Bile

Is a bitter greenish-yellow viscid liquid, secreted
from venous blood in the liver; its specific gravity
fluctuates between 1020 to 1080. The bile of the
ox has been principally examined. It is alcaline.
It soon putrefies, exhaling an insupportable stench.
It dissolves in water, and is only imperfectly coagu-
lated by alcohol, and by acids.

“According to the analysis of Thenard ( Fraité de
Chimie, p. 556, Vol. IIL) bile consists of

Water, - - - 700
Resinous matter, - 15
Picromel, - - 69
Yellow matter, - - 4

Soda, - - - 4
Phosphate of soda, =~ - - 2
Muriates of soda and potash, - 8,5
Sulphate of soda, - - 0,8
Phosphate of lime and magnesia, 1,2
Traces of oxide of iron,

bitter and sweet taste, viscid consistency, and which
forms a peculiar triple compound with the resin and
soda. It is the substance which gives bile its lead.
ing characters. It may be obtained by adding to
bile an excess of acetate of lead ; it is then filtered,
and subacetate of lead is added to the filtered liquor,
8 flocculent precipitate is formed, which is to be
washed, and dissolved in distilled vinegar; a current
of sulphuretted hydrogen passed through this solution
separates the lead ; the vinegar is then driven off by
heat, and picromel remains.

The yeBow matter is also peculiar to bile, and
seems to render it easily putrescible.

Milk.

The gastric secretion of animals coagulates milk,
and the cream having been separated, converts it in-
to curd and whey. *

The curd or caseous part of milk (of the cow) is
to be considered as a modification of albumen. The
whey, by evaporation, affords sugar of milk, 8 white
crystallizable substance, of a sweet taste, composed,

according to Guy-Lussac and Thenard, of

Carbon, - - 38,825
Oxygen, - - 53,834
Hydrogen, - - 7,341
or of
Carbon, - - 88,825
Oxygen and hydrogen in the pro-
portions of water, - 61,175

Buiter, according to Braconnot, consists of 60
parts of yellow oil remaining fluid at low tempera-
tures, and 40 parts of concrete oil.

This fluid, which lubricates the various cavities of
the body, and which may be collected in consider-
able quantities, by puncturing the lymphatic vessels
in large animals, has the properties of a weak solu-
tionof albumen;it contains the same salts as theserum
of blood. The liquor of dropsies is also analogous
in composition, but the preportion of albumen varies
according to the circumstances under which it has
been thrown out. In a case of hydrocele, which had
been a long time forming, the liquor afforded a very
small proportion (about 8 per cent.) of albumen.
Tho sac filled in five days after the operation, and
the fluid then contained 12 per cent. of albumen,
and was readily coagulable by the usual means.

Urine.
This secretion is constantly varying in composi-
tion. It is when healthy always acid, but in cases

of injury done to the nerves of the kidneys, it is al-
caline. The following are the substances contained

in human arine.

Water,

Carbonic acid, { Uncombined, and giving
Uric acid, acidity to the urine.
Phosphoric acid,

® See Sir Everard Home on the Coagulating Power of the Secretion of the Gastric Glands, Phil. Trans.

1813. p. 96.
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Muriate of soda.

Phosphate of soda.

-Phosphate of ammonia and magnesia.
‘Phosphate of lime.

Muriate of ammonia.

Sulphates of potash and soda.

Urea.
Albumen.
Gelly.

Uric acid is occasionally deposited by urine in

} Occasional ingredients.

-small red crystals ; these are soluble in caustic alca.
lies, and the uric acid is precipitated from such so- .

lutions by muriatic acid Boiling water dissolves
about 4 of its weight of this acid. It is readily
soluble in warm nitric acid, and the solution yields

-by evaporation a rose red compound, very characte-
‘ristic of this acid.

Urea is the principle which gives to urine its lead-
ing peculiarity, that of affording abundance of am-
monia during its putrefaction or decomposition by
‘heat. It may be obtained by evaporating urine. void-
ed about six hours after a meal, to the consistence of
syrup: to which is to be added four times its weight
of alcohol, and a gentle heat applied : the alcoholic
solution, by evaporation in a water-bath, affords a
.crystalline residue of urea. This substance has an
acrid taste, and urinous smell ; it is soluble in water
and alcohol; it forms with nitric acid a compound
‘having the appearance of pearly scales. By heat, it
affords two-thirds its weight of subcarbonate of am-
moniz, and a coansiderable portion of benzoic acid.
Ammonia and acetic acid are the products of the de-
composition of its aqueous solution : hence the pro-
duction of various ammoniacal salts in putrid urine.
Alcalies decompose urea, and exhale ammonia. It
‘consists, according to Vauquelin and Fourcroy, of

Nitrogen, - 82,5

‘Oxygen, - 28,5

Carbon, - 14,7

Hydrogen, - 11,8
Cutis.

The culis, or true skin of animals, consists princi-
pally of gelatine, a substance soluble in water, and
forming a solution, which, if concentrated while hot,
gelatinises on cooling. The solution affords a copi-
ous precipitate with vegetable astringents, and with
nitrate of mercury it deposits white flocculi with so-
lution of chlorine. Gelatine is soluble both in acids
and alcalies. It is insoluble in alcohol, which preci-
pitates it from its aqueous solution, Isinglass, size,
and glue, are varieties of gelatine. It contains, ac-
cording to Thenard and Gay-Lussac,

Carbon, - 47,881
Oxygen, - 27,207
Hydrogen, - 7,914
Nitrogen, - 16,998

When submitted to destructive distillation, it affords

the usual products of animal bodies. "When dry, it Chemistry,
suffers no change by exposure to air, but its solution ™~/
_very soon putrefies. ®

Muscular Flesh, &c.

When the smuscular parts of animals are washed re-
peatedly in cold water. the fibrous matter which re-
mains consists chiefly of albumen, and is in its chemi-
cal properties analogous to the clot of blood. Muscles
also yield a portion of gelatine, and the flesh of beef,
and some other parts of animals, afford a peculiar
substance of an aromatic flavour, called by Thenard
osmazome. Ligaments, horn, nail, feathers, and the
cuticle, consist principally of albumen. Elastic liga-
ment and tendon yield a portion of gelly. The mem-
branes consist principally of gelative.

Hair consists principally of a substance, having
the properties of coagulated albumen. It also con-
tains gelatine, and the soft kinds of hair yield it more
readily than those which are harsh, strong, and elas-
tic.

Vauquelin discovered in bhair two kinds of oil;
the one white, and existing in all hair, the other co-
loured, yellow from red hair, and dark coloured
when obtained from dark hair. Black hair also con-
tains iron and sulpbur. He supposes that where
hair has become suddenly grey, the effect is produ-
ced by the evolution of acid matter, which has de-
stroyed the colour of the oil.

Oil aﬂd F al.

These proximase principles contain no nitrogen.
They arep::mpoundlpzf ca‘;bon, hydrogen, and gxey-
gen, in which the two former elements abound.
These bodies have lately been laboriously investigat-
ed by MM. Chevreul and Braconnot (Annales de
Chimie, Tom. 88, 93, 94, and 95). The different
kinds of fat are separable into two substances, one
of which fuses at about 50°, the other at 105°
'They may be separated from hogs-lard, for instance,
by boiling in seven or eight times its weight of alco-
hol ; the liquor is decanted, and fresh alcobol added,
till the whole is dissolved. Each portion of alcohol
deposits, en cooling. crystals of the least fusible sub-
stance ; the other 18 obtained in the form of oil, by
evaporating the mixed alcoholic solutions to one-
eighth their original bulk. The reunion of these
two principles produces the original fat. By expos-
ing oils solidified by cold to pressure, they too afford
a fluid and solid matter. The followi:ﬁ are the re-

lative proportions of oil and fat afforded by several
of these substances :
Oil.  Fat.
Butter made in summer, - 60 40
Ditto made in winter, - 87 63
Hogs-lard, - - - 62 38
Beef marrow, - - 24 76
Mutton ditto, - - 74 26
Goose fat, - - . 68 82
Duck’s fat, - - - 72 28

¢ Mr Hatchett’s admirable Dissertations in the Phil. Trans. 1800 and 1799, contain a great body of in-
formation in this department of animal chemistry. The reader is also referred to Dr Bostock’s papers i

Nicholson's Journal, Vol, XI. and X1V. :
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Urinary calculi vary considerably in their com- Chemistry.

Chemistry. Ol Fat
\e~~=/ Turkey's fat, - . 74 26
Olive oil, - - - 72 28

Almond oil, - - - 76 24

The fat is fusible at different temperatures, and
the fluid part of olive and almond oil requires a very
low temperature for its solidification ; so that it may
perhaps prove very useful for watches and clocks.
Chevreul calls the oily part elaine, from shao, oil,
and the fat substance he terms stearine, from orsap,
suet.

When fat is acted upon by alcalies, it suffers a
change by which it affords a peculiar substance of a
pearly lustre, called by Chevreul margarine, and an
oily matter. A sweet substance, a volatile, and an
orange-coloured substance, are also produced. Mar-
garine has acid properties, and exists in soap, as mar-
garate of potash.

Brain and Nerves.

According to Vauquelin, the cerebral substance
consists of

w.m’ e - 80)00
White fatty matter, - 4,53
Red My mmr’ - 0,70
Albumen, - - 7,00
Osmazome, - - 1,12
Phosphorus, - - 1,50
Acids, salts, and sulphur - 515

100

The pulp of nerves seems to be of a similar na-
ture.

Shell and Bone.

These may be considered as containing an animal
substance or hardening matter. The animal sub-
stance in porcellaneous shclls, and in the enamel of
teeth, is gelatine; in mother of pearl shell, and in
bone, it is a compound of gelatine and albumen ; and,
consequently, the former are entirely dissolved by
dilute muriatic acid, while the latter leave a car-
tilaginous skeleton. The hardening principle of shell
is generally carbonate of lime; in some crustacea
and zoophites it is a mixture of carbonate and phos-
phate of lime ; and in bone it consists of phosphate
of lime, with a relatively small proportion of carbo-
nate. (See Mr Hatchett’s Papers, Phil. Trans.
1799 and 1800.)

Concretions.

Concretions occur in various parts of the animal
body ; they are often of the same composition as
bone, as in the case of ossifications and exostoses.

Concretions of the gall-bladder, and biliary ducts,
consist chiefly of a peculiar substance called adipo-
cire, or sterine, combined with from 6 to 12
per cent. of the colouring matter of bile. Picromel,
which is not found in healthy human bile, occasion-
ally occurs in human biliary calculi. Gallstones
sometimes contain a large quantity of the resin of
bile, and sometimes appear to consist eatirely of in-
epissated or thickened bile.

VOL. I1I. PART I.

-cystic oxide is dissalve

position. The substances hitherto discovered in them
are as follow :

Uric acid.

Phosphat of lime.

Ammoniaco-magnesian phosphate.

Oxalate of lime:  ©

Cystic oxide.

These substances are generally more or less mixed
in urinary calculi, and their different kinds may there-
fore be arranged as follow :

1. Uric calculus.

2. Bone earth calculus, consisting chiefly of phos.
phat of lime.

8. Ammoniaco-magnesian, or tri hate.

4. Fusible calculusg,”::onsiating (ﬁ'l:pn’;?zure of the
two last.

5. Mulberry calculus, or oxalate of lime.

6. Cystic calculus, consisting of a peculiar sub-
stance, which Dr Wollaston has called cystic ozide.
(See Phil. T'rans. 1810.)

The properties of the four first calculi will be ob-
vious from the preceding matter of this article. The
calculus composed of oxalate of lime, when in the
bladder, has much resemblance to a mulberry ; when
formed in the kidney, it often looks like a hemp-
seed. Before the blow-pipe it affords quicklime. The
by muriatic, nitric, sul-
phuric, phosphoric, and oxalic acids ; by potash, soda,
ammonis, lime-water, and carbonates of soda and
potash. Its combinations with the acids crystsllize
in slender needles ; those with the alcalies in small
grains. It is nearly insoluble in water, alcohol, ace-
tic, tartaric, and citric acids, and in carbonate of
ammonia.

The above substances, excepting cystic oxide, are
often in alternate layers in calculi, and two or more
are sometimes mixed so as not to be separable except
by analysis. Urinary calculi have been found in the
horse, composed of phosphate and carbonate of lime ;
in the ox, of carbonate of lime; in the dog, of a niix-
ture of phosphate of lime and triple phosphate ; in
the hog, of carbonate of lime; in the rabbit, of
phosphate and carbonate of lime. In the excre-
ments of the Boa constrictor, and of some birds, uric

* acid is found. Independent of hair balls, calculi are

sometimes found in the intestines of animals, com-
posed of triple phosphate and ‘Pholphate of lime.
Gouty concretions consist of urate of soda.
Upon the subject of urinary calculi, the reader

is referred to Dr Wollaston’s Dissertations in the

Philos. Trans. 1797—~—1810; to Mr Brande's papers
in the same work; and to an Essay on the Chemical
History and Medical Treatment of Calculous Disor=
ders, by Alexander Marcet, M. D.

Animal Functions.

Under this head, the processes concerned in the
productions of animal substances are considered in
the article CEEMISTRY in the body of the work,
These processes may be considered under the heads
Digestion, Trampiration, Respiration, and Secre-
tion. .
The food, masticated in the mouth, is mixed with
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Chemistry saliva, a fluid containing saline matter and albumen,

and thus propelled into the stomach, where it be-

', comes converted into a peculiar pulpy mass called

chyme. This change appears principally dependent
upon the gastric juice, which, by analysis, does not
atly differ from saliva, and yet produces very
ifferent effects. The nature of its action is not
known. In :he small intestines, the chyme is mix-
ed with bile and pancreatic secretion; and hence
chyle is formed, which, absorbed by the lacteals, and
mixed with lymph, is carried into the venous sys-
tem. Human chyle has not been examined : from
the dog and cat it is a white fluid, of a slightly
sweet taste, and coagulates soon after removal from
its vessels. Its principal component part is albumen ;
and sometimes the serous part of chyle contains a
body analogous to sugar of milk. The chyle of
aminivorous animals is more transparent than the
ormer, and nearly colourless; it coagulates spon-
taneously, and the coagulum is albuminous.

The matter which is transpired by the surface of
the body consists of water, carbonic acid, acetic acid,
phosphoric acid, muriate of soda, and a peculiar odor-
ous animal matter. By the process of respiration,
the blood is exposed to the action of air in the lungs.
Having circulated throughout the body, it enters by
the ven® cavee with the contents ofthe thoracic duct,
into the right auricle of the heart ; thence into the
right ventricle, whence it is propelled through the
lungs, and returns in the state of arterial blood

+ to the left cavities of the heart, and is circulated as

before. In the air expired, there is a deficiency of
oxygen ; instead of containing 21 per cent., it only af-
fords 18 or 19 ; and there is a proportion of carbo-

nic acid formed, exactly equivalent in volume to this Chemistry

deficiency. Aqueous vapour is also exhaled with the
expired air. It appears, then, that the great end
answered by respiration is the removal of carbon
from the blood ; it thus passes from the state of ve-
nous to arterial ; it becomes fit for the nourishment,
and reproduction of parts, and for the formation of
secretions ; and, while the parts of the body are
continually removing by the absorbents, and the
materials carried into the blood by the lympbatics,
so they are constantly reproducing by the arteries,
under the influence of the nervous system. It is pro-
bable that the colouring matter of blood remains al-
ways the same, and that in venous blood it is ob-
scured by carbon, which, when removed by the air,
exposes its brilliant tint, as seen in arterial blood, or
in venous blood which has been exposed to oxygen.
The nervous system seems to preside over secre-
tion ; for, when the nerves going to any gland are in-
jured or divided, the secretion is modified either in
quantity or qualiz ; and, if it were possible to remove
the nervous ramifications altogether, probably no se-
cretion would take place. Animal heat is also the
effect of the joint agency of the circulating and ner-
vous system ; for, when the great centre of nervous
energy, the brain, is removed, there is no produc-
tion of heat, though, under such circumstances, cir-
culation may be kept up by artificially continued
respiration, for a considerable period. Upon these
subjects, however, which are rather physiological than
chemical, we refer our readers to the researches of
Sir E. Home (Phil. Trans. 1814), and to Mr Brodie’s
papers in the Phslos. Trans. for the year 1811.
(0. )

CHENIER (Magrie JoserH DE) was the son
of Louis Chenier, well known as the author of
Recherches Historiques sur les Maures, and Revo-
lutions de I Empire Othoman. He was born in 1764,
at Constantinople, where his father at that time acted
as Consul General from France. At a very early

riod of life he entered into the French army, but
he soon relinquished the military profession, and set-
tled at Paris, where he devoted much of his time to
literary pursuits. He commenced his dramatic career
by a tragedy, which was acted in 1786, and was
completely unsuccessful. A few years afterwards,
availing himself of the political feelings of the period,

tgiuced the tragedy of Charles I1X., which was
received with vast applause by the party which pre-
dominated at the time. This was followed by La
Mort de Calas, and the republican tragedies of
Gracchus and Timoleon. These dramas, in a great
measure, owed their popularity to existing circum-
stances, and the author’s talent of addressing him-
self to the prevailing feelings of the multitude.
His performances, however, were instrumental in
procuring him a seat in the National Convention,
and obtained him the highest theatrical reputation,
till he unfortunately brought forward a tragedy
founded on the accession of Cyrus to the throne of
the Medes, a subject which, as it gave less scope to

political allusion than his former productions, and
had been previously treated with greater ability by
other writers, failed more completely even than the
piece with which he first laid claim to the favour of
the public. After this failure Chenier appears to
bave distrusted his dramatic genius, and chiefly em-
ployed himself in translating or imitating the most
celebrated productions of the Greek and German
stage.
Chenier, however, did not confine himself to dra-
matic compositions, but cultivated almost every spe-
cies of poetry with tolerable success. His produc-
tions are chiefly satirical, lyric, and political. Bein,
engaged in a variety of literary as well as politi
quarrels, and being naturally of a haughty irritable
temper, he was naturally led to employ his talents
for poetry and satire on all who had provoked his
enmity. His works of this description, accordingly,
are often misapplied, but are distinguished by con-
siderable gaiety and energy of composition. His
lyric productions, of which he published a collection
in 1797, consist partly of odes imitated from the
Poems of Ossian. Most of his other poems, as his
Poeme sur U Assemblée des Notables and Dithy-
rambe sur [ Assemblée Nationale, allude entirely, as
their name imports, to the political events of the

day. 6

cnier.
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€eniez ' Chenier also distinguished himself as a prose writer Mersey and the Dee, which constitutes the hundred Cheshire.
, Chesnire. DY his productions in the Mercure de France, and of Wirral; and the other running up towards York- v’
\w~ ~~ the discourses which he prepared for the different shire, between Lancashire and Derbyshire, forming
academies of which he was a member, which chiefly the extremity of the Macclesfield hundred. If these
turn on subjects connected with the progress of points were cut off, the figure of Cheshire would ap-
knowledge in Europe, and the literary history of his preach nearly to that of an oval. The greatest Extent.
own country. In consequence of a task assigned by breadth of this county, from north to south, is about
Bonaparte to the Institute, of which Chenier was a 80 miles; its greatest length, from the extremity of
member, he undertook to give a historical and criti- the hundred of Wirral, at Kiddington Green, to
cal account of the most celebrated productions, both Britland Edge, on the borders of Yorkshire, is 58
- in prose and verse, which had enriched French lite- miles ; across the middle part of the county, how-
rature from the year 1788 to 1808. This sketch ever, the length is not 40 miles. The projection
was originally read at one of the sittings of the In- between the Dee and Mersey is about 20 miles long
stitute, and was afterwards published under the title and 6 broad; and that towards Yorkshire about 15
Tablezu Historique de Uetat et des progrés de la Lit- miles long, and seldom above 8 miles broad.
terature Francaise deruis 1789. This work compre- Cheshire contains one city, which is also the coun- Dirisions.
hends a notice of all the best works which had ap- ty town, Chester; seven hundreds; thirteen market
peared during that period, from the light class of towns, including Chester; namellg Stockport, Knuts-
romances to the most important treatises on morals, ford, Altringham, Congleton, Frodshum, Maccles-
politics, and legislation ; and in poetry it embraces a field, Malpoe, Middlewich, Nantwich, Neston. North-
review from the highest epic to burlesque and mock wich, Sandbach, and Tarporley; and eighty-six pa-
heroic. rishes. As, however, many of these parishes are of
Many of the orations and discourses pronounced great extent, and comprise numerous townships, and
by Chenier in the different political assemblies which more than one chapelry having the privilege of bap-
were formed duriog the existence of the French re- tism and sepulture, the number of parishes and
public, and of almost all which he was a member, places assessed to the poor's-rates, and other county
related to similar topics—proposals for legislative and parochial rates, amounts, according to the last
measures with regard to literary works—the encour- returns, to 491. This county is in the province of
agement of arts and systems of public instruction. Canterbury, and diocese of Chester ; within this dio-
Those orations, which were truly political, breathed cese are comprehended Cheshire, Lancashire, and
all the violent spirit of the time and of the assemblies part of Yorkshire, Denbighshire, Flintshire, West-
in which they were delivered. As he took an active moreland, and Cumberland. It is a county pala-
part in the distracted politics of his country, and was tine, and is not included in any of the circuits,
engaged, on one side or other, in most of the revolu- having a chief-justice of its own.
tions by which she was at that time agitated, his cha- The area of Cheshire comprises about 1200 square surface:
racter was frequently the object of the blackest calum- miles, or 676,600 acres, of which a much larger
nies, his property of confiscation, and his person of proportion is in cultivation than in most other Eng-
roscription. All this was little favourable to literary  lish counties; there being only 28,600 acres of
improvement. But, when France at length settled waste Jand, commons, and woods; 18,000 in peat
under the absolute dominion of one ruler, by being bogs and mosses ; and 10,000 in sea sands, between
recluded from political intrigue and discussion, he the estuaries of the Dee and Mersey ; the remainder,
ample leisure left for study and composition. 620,000 acres, is in cultivation. The general cha-
He continued thus usefully employed, in a state of racter of the surface is flatness; the principal hills
- comparative tranquillity, till his death, which hap- are on the borders of Derbyshire, which are con-
pened at Paris, on the 10th January 1811. nected with those of that county and Staffordshire ;
The character and writings of Chenier partook and stretch along the eastern side of the parishes of
strongly of the spirit of the times in which he lived. Astbury, Prestbux, and Motbram, about 25 miles.
The former was marked by turbulence, restlessness, Near Frodsham, there is a bold promontory, over-
and ambition ; and although some of his poems, as looking the Mersey, which is the first of an inter
well as his more recent prose compositions, show rupted ridge of hills that crosses the county from
that his taste was not naturally that of the school of north to south, on its western side, as far as Malpos ;
the French Revolution, yet many of his tragedies this high ground, after crossing the elevated district
and literary discourses are disfigured by that exagge- of Delamere forest, appears afain in the insulated
ration of sentiments and ideas. as well as that decla- rock of Beeston, which is nearly 886 feet in height.
matory and inflated style, which the tone and feelings The last link on this chain of hills are those of
of the period had introduced or propagated. (m.) Broxton. The ground near Macclesfield is also
Boundariss. CHESHIRE is divided from Lancashire by the elevated. With these exceptions, and that of a low

rivers Mersey and Tame ; from Derbyshire and Staf-
fordshire by the rivers Goyt and Dane, and a range
of hills ; and in a great measure from Flintshire and
Denbighshire by the river Dee and its estuary, a
small portion of the hundred of Broxton lying to the
west of this general boundary. The form of this
county is singular, being distinguished by two points,
projecting, the one into the Irish Sea, between the

chain of hills stretching from north to south through
the bundred of Wirral, Cheshire is more uniformly
flat than any other county in this part of England.

There is not much variety of soil ; sand and clay. soa.

with one or the other predominating in various pro-
portions, constitute the soil of nearly the whole of
Cheshire: that part of the county which stretches
towards Yorkshire consists principally of peat moss ;
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Cheshire. g goil which also prevails to a less considerable ex-
\w=~= tent near Coppenball and Warmincham, and in some

Rivers.

Canale,

parts of the forest of Delamere; the greater part of
the forest, however, consists of sterile white sand or

avel. The most prevalent subsoils are marl, clay,
and redgrit rock, or sandstone. .

Cheshire, viewed from a height, appears covered
with wood; but this appearance arises from the
smallness of the enclesures, and the great number of
large trees in the hedge-rows ; otherwise it is not a
well-wooded county. Its forests, which formerly
were extensive, conmsisted of those of Delamere,
Macclesfield, and Wirral ; the first contained 10,000
acres, 2000 of which have been enclosed. The
quantity of timber in the hedge-rows and coppices
exceeds the general average of the kingdom ; the
best as well as the most common is oak. In Dun-
ham Park, near Altringham, the seat of the Earl of
Warrington, there are some remarkably large old
oaks. Alderley Park is equally celebrated for its
beech trees.

The principal rivers are the Dee, the Weaver, the
Dane, and the Tame; the Mersey, though fre-
quently described as a Cheshire river, seems to us
more properly to belong to Lancashire. The Dee,
which rises in Wales, enters this county near Ald-
ford ; from Bangor Bridge it is navigable for barges;
at Chester Bridge it meets the tide; at Chester a
ledge of rocks runs across the bed of the river ; from
this place to the sea, its natural course forms a
broad sandy estuary; but an artificial channel has
been formed at great expence, on the south side of
the river, nearly half way to the sea, which is navi-
gable for ships of 600 tons burden. It falls into
the Irish Sea, about fourteen miles north-west of
Chester. At the time when the artificial chan-
nel was made, much land was gained from the
tide by embankments, and much has been subse-
quently recovered. The Weaver rises in Cheshire
on Bulkley Heath, and flows entirely through the
county, till it joins the Mersey at Wyton; from
Frodsham Bridge to Winsford Bridge, a distance of
20 miles, it is rendered navigable by means of locks
and wears ; the fall is 45 feet 10 inches, and there
are 10 locks ; the course of this river is about 38
miles. The Dane rises in Macclesfield forest ; dur-
ing the first part of its course, it divides Stafford-
shire and Cheshire ; at Congleton it enters the latter,
and falls into the Weaver at Northwich : its course
is about 22 miles. The character of these rivers
differs much. The Weaver is narrow, deep, and
slow ; the Dane is broad, shallow, and swift. The
Tame rises in Yorkshire; during the greater part of its
course, which is only ten miles, it forms the bound-
ary between Cheshire and Lancashire, and falls into
the Mersey near Stockport. .

Cheshire is intersected by the Duke of Bridge-
water's canal ; the Grand Trunk; the Ellesmere;
the Chester and Nantwich, and the Peake Forest.
The first runs through about twenty miles of the
county, entering it to the east of Ashten, and join-
ing the Mersey at Runcorn. The Grand Trunk
canal communicates with the Duke of Bridgewater's
at Preston-Brook, and passing by Northwich and
Middlewich, enters Staffordshire near Lawton. There

C H E
are four tunels in the course of this canal through

Cheshire, pne of which, near Preston-on-the-Hill, ==y’

is 1241 yards in length, 17 feet 4 inches in height,
and 13 feet 6 inches in width. 7The Ellesmere ca-
nal joins the Mersey at Whitby, and after passing
the east end of the Hundred of Wirral, and the
south-east of Broxton, it connects with the Dee and
the Chester canal at Chester : another branch forms
a junction with the Chester canal at Hurlesten. The
Chester canal begins at the Dee, on the north of
Chester, and passing through Christleton, Warriton,
Hargrave, and to the north of Beeston Castle, ter-
minates at Nantwich. The Peake Forest canal joins
the Ashton and Oldham canal at Ashton-under-
ng; it crosses the Tame near Duckinfield, and
passing through Hyde, Marple, and Disley, enters
Derbyshire near Whaley Bridge. Near Marple it
is carried over the Mersey by an aqueduct of three
arches and 100 feet in height. In the northern
Mpam of Cheshire there are several small lakes called
eres.

The minerﬂ productions of this county are coal, Minerals.

copper, lead, cobalt, and rock-salt. Coal abounds
in the north-eastern parts, in a district of about ten
miles from north to south; there are also some
coalieries in the Hundred of Wirral, one of which
extends 1§ mile from high water-mark under the
river Dee. Copper, lead, and cobalt, are found at
Alderby Edge, and copper in the Peckforton Hills ;
but none of these ores are by any means abundant.

As the rock-salt and the brine-springs of Cheshire Salt Springs.

are naturally connected, and are found in the same
districts, we shall consider them together. The
brine-springs are principally met with in the valley
through which the Weaver and the Wheelock flow ;
those from which salt is at present manufactured are
at Lawton, Wheelock, Roughwood, in the town-
ahiIn of Anderton, Bechton, Leftwich, Middlewich,
and in the neighbourhood of Northwich and Wins-
ford. The brine-springs at Wheelock are at the
depth of 60 yards. The brine is rich, but varies in
strength ; the strongest brine-springs are those of
Anderton ; those at Leftwich are the weakest.

The brine-springs of Cheshire were probably
known to the ancient Britons. It is certain that
salt made from them was one of the principal arti-
cles of the commerce of this county before the Nor-

man Conquest. The discovery of the rock-salt, on salt Mines.

the other hand, is very recent; not having been
made till 1670, during a search for coal, near North-
wich. Since that period it has been found abundant-
ly in the townships of Witton, Wincham, and Mars-
ton. The rock-salt is met with at various depths
below the surface, from 28 to 48 yards; some of the
strata are only four feet thick, and others 40 yards.
In the mines near Northwich there are only two
beds of rock-salt ; but in other parts three beds have
been found. These beds are divided from one ano-
ther by strata of indurated clay or hard flag-stone,
in which there are frequently found pieces of rock-
salt. The muriate of soda, in the great body of the
rock-salt, is mixed with a considerable portion of
clay, oxide of iron, and sulphate of lime. In the
lower strata, the rock-salt is a purer muriate of soda.
The rock-galt is extremely hard, dénd in many cases
4




C H E

Cheshire. yequires to be blasted with gunpowder. The largest
mine at present worked is that of Wilton; its depth
is 330 feet, and its area nearly two acres; the ceil-
ing, which is about 20 feet high, is supported by
pillars 15 feet thick, each containing 294 solid yards
of rock-salt. Fifty or sixty thousand tons of rock-salt
are obtained annually from- the pits in the neigh-
bourhood of Northwich, which is the great seat of
the salt trade in this county. One-third of the rock-
salt is dissolved in water and crystallized by evapo-
ration, and twe-thirds are exported in its native
state.

By the Report of the Committee of the House of
Commons, on the use of rock-salt in the fisheries,
printed May 1817, it appears, that the capital em-
barked in the salt trade of Lancashire and Cheshire
is about L. 600,000 ; that on an average of five years
to the 5th of April 1817, 240,000 tons of white sait
had been made annually in these two counties; that
from 800 to 330 flats and barges are employed in
conveying the salt; that 267 people are employed
in the salt mines; that 6500 are employed in the
manufacture of salt: and that 400 tons of iron are
consumed annually in this manufactory. .

Quarries of excellent freestone are found at Run-
corn, Manley, and Great Bebington ; limestone
only at Newbold Astbury; millstones at Mowcop
Hill ; and sandstone fit for glass near Macclesfield.
Marl abounds in almost every part of the county.

Landed property is, in geaeral, very little divided
in this county ; there being, according to Mr Hol-
land, fifty noblemen and gentlemen who possess in
it property of the annual value of from L. 3000 to
L. 10,000 a-year ; and at least as many others with
estates of from L. 1000 to L.3000 a-year.

With respect to agriculture, Cheshire is almost
entirely a dairy county : its arable husbandry is nei=
ther extensive nor of superior character. The prin-
cipal dairies are about Nantwich, and in the district
between the Dane and the Weaner ; they are found,
bowever, in every part of the county where the soil
consists of clay. The number of cows kept for the
dairy is about 32,000; and the quantity of cheese
annually made about 11,500 tons. The average
quantity of cheese from each cow annually is esti-
mated at 300 Ib. ; eight quarts of milk, the average
daily quantity yielded by each cow, producing one
pound of cheese. In Lyme Park there is a herd of
cattle of the same wild breed as those at Chilling-
ham in Northumberland.

The ground in the vicinity of Frodsham and Al-
tringham produces abundant crops of excellent po-
tatoes ; in the latter parish, where sea-mud is used,
100,000 bushels are generally grown annually.

The cotton manufactures of Lancashire have ex-
tended into the contigueus parts of Cheshire, parti-
cularly at Stockport. Silk is manufactured at Mac-
clesfield and Congleton, where there are large silk-
mills; hats at Stockport; white and red legd at
Chester ; and gunpowder at Tholwall. Tanneries
are very numerous, and o a large scale, in the mid-
dle and north of the county.

In 1808, the poor-rates amounted to L.84,991.
In 1815, 434 parishes and places paid the sum of
L. 125,680. There were no returns from 57 places.
In 1801, the number of inhabited houses was 34,482,

Quarries.

Potatoes.

Manufac-

Poor-Rates.
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and of uninhabited 1189. The total number of in- Cheshire
s/habitants was 191,751. Of these, 92,750 were males I

and 98,992 females : 38,823 were employed in agri- Chili.

culture,and 67,447 in trade, manufactures, and handi- Population.

crafts. According to the returns in 1811, there were,

Inhabited houses, - - 41,187
Families inhabiting them, . - 44,502
Houses building, - - 250

uninhabited, - - 1,239
Families employed in agriculture, 16,396

in trade, manu- ,

factures, and handicrafts, - 238,043
notincluded intheseclasses, 5,063

"Males, - - - 110,841
Females, - - - 116,190
Total, - 227,081

Population in 1801, - 191,751
Increase, - - 36,280

See Holland’s Agriculture of Cheshire.—Beauties
of England and Wales, Vol. Il.—Lyson’s Magna
Britannia, Vol. II. Part IL (c.)

CHILI. Some account of this country will be Boundaries
found in the Encyclopeedia, to which the reader isand Extent.
referred for various particulars relative to its early
Jistory and its trade.

Chili is situated on the western shore of South
America, between the 24th and 45th degrees of
south latitude. It is estimated to stretch along the
shore 1260 miles ; but its breadth varies as the great
chain of the Cordilleras, which forms its eastern
boundary, approaches the sea, or recedes from it.
Between the 24th and 32d degrees of south latitude,
the space between the mountains and the Pacific
Qcean, which forms the breadth of Chili, is about
210 miles. From the 32d to the 37th it is only 120;
and near the archipelago of Chiloe, at the broadest
part of Chili, it extends to 800 miles in breadth. On
these data, the superficial extent of Chili may be es-
timated at 378,000 square miles.

Chili is separated from Peru on the north, from
the viceroyalty of Buenos Ayres on the east, and
from the land of Magellan on the south, by the Cor-
dilleras, which form an almost insurmountable bar-
rier between it and the neighbouring countries. The
roads which lead across these lofty ridges are impas-
sable except in summer, and the path is frequently
80 narrow, that a horseman can with difficulty effect
a passage through it.

Molina, in his valuable account of this country, Divisions.
describes it under three great natural divisions. The .
first comprehends the islands ; the second, Chili pro-
perly so called; and the third includes the Andes,
or that part of Chili which is occupied by these
mountains.

1. The islands belonging to Chili are, the three
Coquimbanes, Mugillon, Totoral, and Pajaro, which
last is about six. or eight miles in circumference, and
wholly desert; the two islands of Juan Fernandez,
koown under the name of Isola di Terra, and Mas-
safuera, the former 42 miles in circumference, and
inhabited by the Spaniards, the latter, though de-
scribed as bearing the most inviting aspect, still
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uninhabited; and the isfand of Mocha, about 60

\=y~= miles in circumference, and at present uninhabited,

Climate.

besides several other islands of inferior size and im-
portance. The archipelago of Chiloe comprehends
82 islands inhabited by the Spaniards. Chiloe,
which is the largest of these, and gives name to the
archipelago, is 150 miles in length, and its capital is
Castro.  All these islands are adjacent to the coast,
with the exception of those of Juan Fernandez,
which are distant the one 830, and the other 420
miles from the shore.

2. That part of Chili which lies between the An-
des and the sea. is divided into two equal parts, name-
ly, the maritime country, and the midland country.
The former of these is intersected by three chains of
mountainsrunning parallel to the Andes, with nume-
rous intervening valleys, watered by delightful streams.
The midland country is flat, being diversified only by
a few occasional eminences, which render its appear-
ance extremely picturesque and pleasing.

8. The Chilian Andes consist of a number of

mountains, which appear to be chained to each other.

They are of prodigious height, and are covered with
perpetual snow. At the foot of this vast ridge, gen-
tle eminences and pleasant valleys, surrounded with
high hills, are dispersed ; but the principal ridge rises
in general, abrupt and steep, with frequent and fright-
ful precipices. In these lofty mountains are formed
many brooks and rivers, which, when they are swol-
len by the melted snows, quickly accumulate into
formidable torrents, and roar and foam amid glens
and precipices, until they break out and extend
over the plains. The lower ranges of moun-
tains are covered with forests, and the vales beneath
abound in corn and fruit. That portion of the Chi-
lian Cordilleras which lies between the 24th and 33d
degree of latitude is wholly desert ; but further to
the south, as far as the 45th degree, the mountaing
are inhabited by a variety of Chilian tribes.

Chili is partly occupied by the Spaniards, and part-
ly by the Indians. The Spanish part of it is situated
between the 24¢h and 87th d of south lati-
tude, and is divided into the following thirteen pro-
vinces :

NAME. Length. | Breadth. | cAPITAL. | 8. Lat
Copiapo extending from Andes to the sea| 300 | 210 |Copiapo 26° 50/
Coquimbo | ditto - - - 185 | 210 [Coquimbo (29° 54’
Quillota situated on the sea coast - 75 63 |Quillota 82° 56/
Aconcagua | in the vicinity of the Andes 75 75 |Acon 82° 48’
Melipilla | on the sea coast 83 69 |Melipilla |33° 32’
Santiago | near the Andes - - 33 60 [Santiago |88° 81’
Rancagua |from the Andes to the sea - 89 | 120 |Rancagua |[384°
Colchagua |from the Andes to the sea - 45 | 129 |St Fernando{34° 18’

‘IMaule from the Andes to the sea - 182 | 144 |Talca 340 38/
Itata on the sea coast - - 1 83 66 |[Coulemu |[36°¢2/
Chillan near the Andes - - 86 756 |Chillan 86°
Puchacay |[on the sea coast - - 86 75 |Gualqui 486" 42’
Huilquilemu! near the Andes - - 36 75 {Huilquilemul| 86° 42’

The territory belonging to the Indians is situated
between. the 86th and 41st degrees of S. Lat. and is
inhabited by three different nations, namely, the
Araucanians, the Cunches, and the Huilliches. Of
the remarkable people called Araucanians, we have
given a full account under that Article.

Chili is blessed with a fertile soil, and with a mild
and temperate climate; the air is remarkably salu.
brious, and the inhabitants are liable to few conta-
gious diseases. They are, on account of these fa-
vourable circumstances, extremely attached to their
native country, and always reluctant to quit it.
Although the climate is not liable to either extreme
of heat or cold, the different seasons regularly suc-
ceed each other, and are sufficiently marked. The
spring commences, as in all countries in the' south-
ern hemisphcre, in September, the summer in De-
cember, the autumn in March, and the winter in
June. From the beginning of spring until autumn
the south and south-east winds generally prevail, and
they always bring with them a clear sky, while the
north and north-west winds as regularly occasion
rain. On the eastern and western sides of that
great mountainous barrier which bounds Chili on
the east, the dry and rainy seasons occur at precise-
ly opposite periods. In Chili, the winter is the

rainy season, while on the eastern side of the moun-
tains, in the provinces of Tucuman and Cuyo, the
atmosphere is then always clear, and the inhabitants
enjoy the finest season. The north and northerly
winds crossing the torrid zone before they arrive in
Chili, come loaded with vapours, and they are in-
variably followed with heat and ram. In Chili the heat
of these winds is moderated in their pung‘e over the
Andes ; but in the countries to the east, ey are re-
markable for their sultry and unhealthy properties,
and are, according to the account of Molina, more
suffocating than the sirocco which blows from Africa,
and is occasionally felt on the shores of the Mediter-
ranean and in Italy. The southerly winds coming, on
the contrary, from the polar regions, are cold and dry.
They blow constantly towards the equator; and asthe

disperse the vapours and drive them to the Andes, it
seldom rains in Chili while they continue to blow. But
these clouds, thus driven by the south winds towards
the Andes, uniting with those which come from the
north, occasion very heavy rains in all the provinces
to the east of the mountains. It seldom rains in the
northern provinces of Chili; but in the southern
provinces rain is more frequent; and near the sea
dreadful storms occasionally arise. In the islands,
also, the rains are very frequent even in summer.

Chilis
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Chili. Thunder is scarcely ever heard even in summer in
those parts of the country which are at a distance
from the Andes. In the maritime provinces, snow
is never seen. In those nearer the Andes, it falls
once perhaps in the course of five years ; but it sel-
dom remains on the ground for a single day. In the
month of August, also, a white frost is sometimes
seen, accompanied by a slight degree of cold. But
this coldness does not continue above two or three
hours after sunrise ; from which time the tempera-
ture of the atmosphere is like that of a fine day in
spring. In the Andes, on the contrary, snow storms
are frequent, and snow falls in such quantities from
April to November, that the ground is covered with
it during all that time to a great depth, so that the
mountains are quite impassable for the greatest part
of the year. Abundant dews fall throughout most
parts of Chili, which in a great measure supply the
want of rains ; and fogs are common on the coast,
although they are generally dissipated as the day
advances. .

Chili is watered by about 128 rivers, which have
their sources in the Andes, and 52 of which com-
municate with the sea. Of these the principal are
the Maule, in the province of the same name; the
Biobio, two miles in breadth ; the Cauten; the Tot-
ten; the Valdivia, in the country of Arauco; the
Chaivin ; the Rio-bueno, and the Sinfondo, which
discharges itself into the archipelago of Chiloe. The
two most remarkable lakes are the Laquen, which
the Spaniards call Villa-rica, which is 72 miles in
circumference, and the Nahuelguapi, which is 80
miles in circumference.

Owing to the great quantity of sulphureous, ni-
trous, and bituminous substances contained in its
soil, Chili is subject to volcanic eruptions and earth-
quakes. Among the Chilian Andes there are four.
teen volcanoes in a constant state of eruption, and a
still greater number from which smoke is occasional-
ly discharged. These, however, being in general si-
tuated nearly in the middle of . that range of moun-
tains, their destructive effects are confined within
certain limits, and seldom- extend to the plains.
There are only two volcanoes in the whole of the
country not included in the district of the Andes,
the principal of which is the great volcano of Villa-
rica, near the lake of the same name. This volca-
no, the summit of which rises into the region of per-
petual snow, is in a constant state of eruption, and
may be seen at the distance of 150 miles. Earth-
quakes are common in Chili. The inhabitants cal-
culate upon three or four annually. They are, how-
-ever, in general, very slight, and little attention is
paid to them. Within a period of 244 years, from
the arrival of the Spaniards to the year 1782, only
five violent shocks have been experienced; the first
in the year 1520 ; the second in the year 1647 ; the
third in 1657; the fourth in 1730, when the sea
was impelled against the city of Conception, and
overthrew its walls; and the fifth in 1751, during
which that city was completely overwhelmed by
the ocean. At present the shocks are less violent
than formerly, and are generally confined to hori-
zontal or oscillatory motions. The inhabitants are
also forewarned of these convulsions by the hollow
noise which precedes them, and they have built
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both their houses and their cities upon such a plan  Chili
as to afford them an easy and safe retreat from the ~™ Y™
effects of this calamity. In the cities, the streets are

s0 broad that the inhabitants are always safe in the
middle of them, in whatever direction the houses

may happen to fall ; and all those which belong to

the richer classes have spacious courts and gardens
attached to them, which serve as a place of retreat

in case of danger. These precautions are quite suf-

ficient to prevent any useless alarms, more especial-

ly as the earthquakes which happen in this country

have never been attended with any considerable
sinking of the earth, or with the falling of buildings.

It is supposed that the volcanoes in the Andes are

50 many dutlets, which, by affording vents to the
subterraneous fluid, render its action less violent,

and its effects consequently less destructive.

The soilof Chili is remarkably productive, and the .
country, in -its uncultivated parts, every where pre. Productions
sents the most profuse and vigorous vegetation. The
plains, the valleys, and the mountains, are covered
with a variety of beautiful trees, many of which pre-
serve their verdure throughout the whole year, and
each season produces its peculiar succession of
vegetables in the greatest perfection. Diflerent tra-
vellers have given the most extraordinary accounts
as to the fertility of the soil. In Frazier's Foyage it
is mentioned, that it yields from sixty to eighty, and
even a hundred fold. Others mention, that the
crop is considered poor if it does mot exceed the
proportion of one hundred to one, while there are
some who state the increase at three hundred to one.
Molina mentions, that he has himself witnessed in«
stances of lands producing one hundred and twenty,
and even one hundred and sixty for one. These,
however, he states to be extraordinary instances.
The maritime districts are less fertile than the mid-
dle districts, and these again yield in point of fertis
lity to the rich valleys of the Andes.

The common produce in the middle districts is
stated by Molinato be from sixty toseventy for one,and
in the maritime districts to be from forty to fifty. The
soil of Chili is extremely favourable to the produc-
tion of maize, wheat, barley, and rye. Hemp and
flax also grow extremely well ; but as the exporta-
tion of this produce was rigorously prohibited under
the regime of the mother country, the inhabitants
were accustomed to raise no more of these articles
than what was sufficieny for their own domestic con-
sumption. In the northera provinces many of the
tropical productions grow to great perfection. The
principal of these are the sugar-cane, the cotton
plant, the banana, the pine apple, the sweet potatoe,
jalap, mechoacan, and others of less importance.
Many of the plants and fruits which are found in the
country.are common both to Chili and to Europe,
and others that are carefully cultivated in Europe,
grow naturally in this more favoured country. Chili
has a variety of plants peculiar to it, of which about
3000 different species were collected by Molina. A-
mong these were numerous flowers remarkable for
their beauty and fragrance, and which, when they are
in bloom, give the fields the appearance of so many

rres. Medicinal, dyeing, and aromatic plants,
are also produced in great abundance. The differ.
ent fruit trees, garden herbs, and flowers, which
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the mother country and Great Britain, this metal Chill
rose to such an exorbitant price, that the native ‘™ Vv %/
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Chili.  have been imported by the Spaniards from Europe,
\e=\~=/ orow many of them even to greater perfection in

* cessfully, those arbitr

Chili than in the countries to which they are indi-
genous. Thevine producesingreatabundance,andthe
soil appears to be peculiarly well adapted toiit, as the
thickets are filled with wild vines, from which the in-
habitants contrive to obtain wine of a very good qua-
lity. But the cultivated vines are in the highest de-
gree excellent, and the wine obtained from them is
the best in Chili. It is in general red, and, in point
of flavour, is not inferior to any European wine. The
Muscadel wine, according to Ulloa, is of as good a
quality as that which is made in Spain. The Euro-
pean fruit trees thrive equally well. In the southern
provinces are forests of apple and quince trees from
three to four leagues in extent, which produce fruit
of excellent quality. The peaches amount to four-
teen species, some of which weigh more than sixteen
ounces, and the tree bears fruit twice in the year.
Pears and cherries also produce two crops annually,
but the latter growth rarely comes to great maturity.
Oranges, lemons, and citrons, grow every where in
the open fields, and besides the common lemon, a
small species is produced, the fruit of which is about
the size of a walnut, and very juicy. The olive, the
first plant of which was carried from Andalusia to
Peruin 1560, grows to great perfection ; and Molina
relates, that in the vicinity of St Iago he has seen olive
trees three feet in diameter, and of a proportional
height.

hili is rich in metallic wealth. It produces all
the known kinds of the semimetals. These, however,
are all neglected, with the exception of quicksilver,
which it is necessary to procure for the refining of
the precious metals. The two richest mines of this
substance are in the provinces of Coquimbo and Co-

_ piapo, which might be rendered very productive if

they were permitted to be worked. But the selling
of quicksilver being a royal monopoly, the dlggn;g
of it was rigorously prohibited, while Chili remain

a colonial dependency of Spain. But if the present
struggle for independence in which Chili, along with
the other provinces of South America, is engaged in
oppesition to the mother country, shall terminate suc-
and absurd restrictions will
naturally be superseded by a wiser and more equit-
able system.

Metals abound in all parts of the country. Lead
is found of a good quality ; and it is obtained in all
the silver mines. All the lead mines also contain
silver and gold ; but in too small a quantity to excite
the attention of the miners. The provinces of Co-
quimbo, Copiapo, Aconcagua, and Huilquilemu, con-
tain very rich mines of iron ; and the sand on differ-
ent of the sea-shore, and on the borders of
brooks and rivers, is replete with particles of this
metal. In the true spirit of that tyrannical dominion
which the Spanish government has always exercised
over its colonies, those mines were prohibited from
being worked, in order to favour the trade of the
mother country, from which all the iron used in the
colonies was imported, and thus the industry and re-
sources of the immense regions of the new world
were condemned to lie neglected and unproductive,
under the pernicious-thraldom of this absurd mono-
poly. In the course, however, of the last war between

iron was secretly wrought; and it proved to be of
an excellent quality. There are also abundant mines
of tin, which is usually found in sandy mountains,
under the appearance of black stones, very brittle
and heavy. These mines are equally neglected with
those of iron and lead.

From the conquest of the country to the present
time, the mines of gold, silver, and copper, have occu-
pied almost the undivided attention of the Spaniards.
The copper mines ate not confined to any particular
district ; but are found in all parts of the country. The
richest mines are situated between the twenty-fourth
and thirty-sixth degrees of latitude. The ore ob-
tained from them is of every various quality, and it
usually contains a proportion of gold which varies
from one-tenth to one-third. Some of the ores
which are rich in metal, are considered of no va-
lue from the expence of refining them; those ge-
nerally wrought are the grey, or bell-metal ore, and
the malleable copper. The grey ore, or bell-metal,
is usually mineralized with arsenic and sulphur, and
contains a small mixture of tin. From this mixture,
and its grey colour, which it retains even after it is
melted and refined, Molina considers it as a species
of native bronze, which metal it also resembles in
its brittleness. Its specific gravity, when artificially
combined, is however than that of any one
of the metals of which it is composed. The malle-
able copper, which abounds in different provinces,
possesses all the usual properties of that metal, and
is found mineralized with a small portion of sulphur,
which the simple precess of roasting is sufficient to
expel, and to render the metal fit for use. The
miners, however, refine it in the usual manner, from
a notion that it improves the metal in brightness,
The malleable copper is always found combined with
gold, and veins of pure gold are frequently found in
the deepest copper mines. Between the cities of
Coquimbo and Copiapo, the number of copper mines
which are worked amount to one thousand ; many
more have been opened. But those only are work-
ed, of which the ore is 8o rich as to yield half its
weight in refined copper. The most celebrated cop-
per mine in Chili was that of Payen, the working of

. which was relinquished in consequence of the hos-
tility of the native tribes who inhabited the district.
Pieces of pure copper, from 50 to 100 weight, were
frequently found in this mine. Another equally rich
mine has since been discovered at Curico. The ore
consists of gold and copper in equal proportions,
and has an uncommonly brilliant appearance from
the particles of this precious metal with which it is
filled. The quantity of copper annually extracted
from the mines of Chili, cannot be ascertained with
any exactness. It is conjectured by Molina, that
about 100,000 quintals (of 1600 ounces each) are
annually imported to Spain. Great quantities are
also sent to Buenos Ayres, and about 30,000 quin-
tals are annually sent to Peru, besides what is used
for domestic purposes.

The silver mines of Chili are found in the highest
and coldest parts of the Andes; and various mines,
though rich in ore, have, on this account, been
abandoned from the difficulty and expence of work-
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Chili. ing them. The richest are those of St Iago, Acon-

ua, Coquimbo, and Copiapo. In these the silver

is frequently found pure; it is also found in various

sorts of ores mineralized with sulphur and arsenic.

The mine of Uspallata, situated in the 33d degree

of south latitude, and so named from the plain of

that name, is the most productive. There are threa

ies of ores yielded by this mine which have been

d, from assays made at Lima, to yield 200, 50,

and 14 marks per caxon, which is equal to about
Yin 38, 1 in 154, and 1 in 548.

Gola is, of all the metals, most abundant in Chili,
and, in some parts of the country, there is scarcely
& mountain which does not contain it in a greater or
less degree. It is found also in the sands of the

lains, and is washed down from the mountains by

e brooks and rivers. In the southern provinces,
between the river Biobio and the archipelago of
Chiloe, several productive mines were formerly dis-
covered. But since the expulsion of the Spaniards
from this quarter by the Araucanians, the warlike
inhabitants of the country, these mines have been in
their possession, and they have prohibited them
from being opened. The most important mines
which are at present wrought, are those of Copiapo,
Guase, Coquimbo, Petorca, Ligua, Tiltil, Putaendo,
Caen, Alhue, Chibato, and Huilli-patagua. All
these, with the exception of the three last, have
been wrought ever since the conquest of the coun-
try by the Spaniards, and have been found very pro-
ductive. The substances in which gold is found are
very variable, and there is no kind of stone or earth
which may not be said occasionally to serve as a
matrix for this precious metal. It is most frequent-
ly found in a very brittle red clay stone, and is to be
seen in small grains or brilliant spangles under sin-
gular forms, or in irregular masses that may be cut
with a chisel. The mines are worked either with
the pick-axe or by explosion, according to circum-
stances. The rock in which the ore is found being
then reduced to powder by a mill of a simple con-
struction, the gold is extracted by the common pro-
cess of amalgamation with mercury. Gold is also
5rocured by the washing of the auriferous sands.

ut this method is only practised by the poorer
classes, who cannot afford the expences of regular
mining. The quantity of the gold annually found
in Chili, which pays the royal duty of one- is
estimated by Molina to amount in value ta four mil-
Tions of dollars. A million and a half is coined at the
mint of St Iago; the remainder is exported in bullion,
or is used in the country for plate and jewellery. There
is besides a considerable quantity smuggled.

Chili is not so abundant in animals as some of the
other countries of, America. The indigenous qua-
drupeds hitherto discovered amount to 86 species;
bat it is the opinion of Molina, that, in the unexplor-
ed and desert regions of the Andes, many others exis¢
which are hitherto undiscovered, or imperfectly
known. Of the species peculiar to Chili, the most
remarkable is the vicunna, or the guanaco, some-
times called the American camel, from its resemblance
to that animal in shape; although it differs from it
in another essential quality, namely, that, while the
camel is fitted by its constitution to live in the most
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parched and sultry deserts, the vicunna is most vi-
orous and thriving in the inclement regions of the
igher Andes, amid ice and everlasting snow. The

lama, or Peruvian sheep, is also found in the Andes
of Chili. The other animals are the wild goat,
the dog, the fox, and the pagi, or lion, which animal
it resembles in its size and roaring, though it is desti-
tute of mane. All the European animals have been
carried to Chili, where they have multiplied exceed-
ingly, and some of them have even increased in size.
The birds are very numerous, amounting, those that
belong to the land, to 185 species, while it is imgossi-
ble to enumerate all the different species of sea-birds.
There are but few reptiles, and the insects are less
numerous than in some of the southern countries of
Europe. The coasts of Chili abound with various
kinds of excellent fish, of which the different species
are calculated to amount to 76, most of which differ
from those found in the northermn hemisphere, and
appear to be peculiar to that sea. The bays, har.
bours, and in a particular manner the mouths of the
large rivers, swarm with them, and in many

they are caught with very little trouble. The fresh

waters also abound in fish, especially those which

are beyond the 34th degree of south latitude.
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The population of Chili is composed of Europeans, Population.-.

Creoles, Indians, Negroes, and Mestizoes. Of these
the Creoles form the most numerous class, There
exist no data for a general enumeration of the po-
pulation; but it is certain that the country is very
thinly stocked with inhabitants, in proportion to its
fertility.

The domestic tranquillity of Chili has been seldom Recent His-
disturbed since its original conquest, except by thetory-

wars continm:.\lznzlvl between the Spaniards and
the tribes of Indian natives, masy of whom still con-
tinue to enjoy their barbarous independence, and ¢to
defy the utmost efforts of the Spanish arms. Bumt
about the year 1810, when the French had neady
effected the conquest of the mother country, the

* Chilian, along with the other provinces of Spa-
nish America, began to take measures for establishe
ing their independence. At first affairs secemed to
wear the appearance of unanimity and peace. The
authority of the mother country was quietly super-
seded by the aristocracy of the colony, and the go-
vernment into the hands of the great Creole
families, Since this period, Chili appears to have been
subjected by the royal armies; but lately it has been
restored to independence by a detachment from the
army of Buenos Ayres, under San Martin, who, hav-
ing defeated the royal troops in several engagements,
has made himself master of all the most important
places of the country. The accounts hitherto re-
ceived in Europe of these events are too partial and
contradictory to enable us to enter at into
any detailed or connected narrative of them. But
an opportunity will occur in the general article of
Sour AMERICA, for a full account of the great
revolution which has taken place in this conti-
nent.

See History of Chili, by Don Ignatius Molina,
1809.—T'ravels from Buenos Ayres by Potosi to
Lima, by A. T. Helms, 1807.—Edinburgh Review,
Vol. XIX, (o))

) 4



China. L the ‘embassy of the Earl Macartney to the Court
>~ of Pekin failed in, its immediate object, which was
just about as reasonable as if the Emperor of China

ad sent to demand from us the cession of the Isle

of Wight, it succeeded at least in throwing a more

clear and distinct light on the nature of the govern-

ment, the laws, language, and literature, of one of the

most ancient, and most extensive, and, beyond com-
parison, the most populous nation of the world. It

was the means of obtaining a nearer insight into the
manners of the people, and of forming a more cor-

rect estimate of their moral character, than had
hitherto been given in the prejudiced accounts of

the Romish Missionaries. But the most important
acquisition which resulted from this embassy, in a
literary point of view, was, the complete develope-

ment of the extraordinary language of the Chinese,

which the Jesuits had invariably represented as of

so obscure and mysterious a nature, that the whole

period of human existence was too short to acquire

even a competent knowledge of it; whereas we now

know that a moderate degree of application for two or

three years, with the assistance of a Chinese, will

enable the student to write it with ease, to read and
translate their most obscure books, and to transact

every kind of business, commercial or political ; and

that this knowledge has opened up a vast fund of
literature which, in Europe, was hardly suspected to

exist. To Sir George Staunton, in the first place,

to Dr Marshman and his son, at Serampore, to Mr
Morrison, a Missionary at Canton, and to Mr Davis,

a promising youth in the East India Company’s Fac-

tory at that port, we are more indebted for a true and

distinct state of the laws, the language, the institutions,

and literature of China, than to all the voluminous writ-

ings of the Jesuits, which, however curious and valu-
ab%e in many details, are crowded with errors and
exaggerations. These pious men, under the influ-
ence of bigotry ad prejudice, have left untouched,
or misrepresented, or wrapt up in mystery, many sub-
jects of considerable interest in a religious, political,
and moral point of view ; nor are they without ex-
cuse. They entered China at a time when the com-
forts and conveniences of life were but little known
in Europe, and still less to them, whose knowledge
extended not beyond the boundary wall of their re-
spective monasteries ; they were flattered, also, by
e reception they met with from the sovereign of so
vast and powerful an empire—circumstances which
naturally disposed them to exaggerate the moral and
political virtues of the people among whom they had
voluntarily domiciliated themselves for life. There
was enough, however, to excite their admiration. A
country swarming with a population, which for ages
had kept itself wholly unmixed with the rest of
. the world,—whose language, laws, and . institu-
tions, had no analogy with those of any known
nation, and bad suffered no change—to whom
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the art of printing was *known and freely prac- China.
tised, without licence or previous restraint, for cen- s~/
turies before the dark ages overshadowed Europe ;

who were clothed in silk and cotton garments, when
Europeans had only skins to cover them with; and

who were acquainted with most of the useful arts

and manufactures, at a period long antecedent to the
Christian era.  Such a people, inferior as they now

may be in science and civil liberty to some of the na-

tions of Europe, could not be regarded with indiffer-

ence, but ha then in particujar, as they still con-

tinue to have, powerful claims to the attention of
mankind. By combining and comparing these early
accounts with more recent materials, and by the

help of some small personal information, we may be
enabled to make some additiens to, as well as to cor-

rect some inaccuracies in, the Article on CHINA in

the body of the Encyclopeedia.

The conterminous empires of Russia and China
occupy between them about one-fifth part of the
habitable globe, in pretty nearly equal portions; but
the population of the latter is about four times greater
than that of the former, even after including its re-
cent addition of ten millions of Poles. We can
easily trace the boundaries apd mark the extreme
limits of these two great empires, by parallels of
latitude and meridional lines of longitude ; but when
we come to reduce them to square miles, or speak of
their contents in acres, the mind i$ bewildered in the
maimtude of the numbers required to express them,
and forms but an indistinct idea of their superficial
extent. For this reason we shall centent ourselves
by merely tracing the boundary lines.:

T!)e frontier of China, on the side of Russia, in- Boundaries
cluding every part of Tartary under its immediate
protection, and from which it derives a tribute, is a8
under: Commencing at the north-eastern extremity,
where the Uda falls into the sea of Otchotsk, in the
55th parallel of northern latitude, it stretches west,
and W. S. W. along the limits of the Tungousi Tar-
tars, the Duourian Mountains, along the Kerlon,
which divides it from the Russian province of Nert-
chinsk, till it meets the 50th parallel. It then con-
tinues along that parallel from 117° to 70° of E. lon-
gitude, separated from Tobolsk and Irchutsk by the
Sawansk, the Altai, and the Bercha mountains. On
this line, and about the 106th merdian, on the
river Selinga, are situated the two frontier trad-
ing towns of Kiackta and Mai-mai-tchin, the only two
points in the long conterminous line of boundary
where Russians and Chinese have any communication.
From hence, descending south along the Kirghis
Tartars, Western Toorkistaun, and Little Thibet,
it is terminated in this direction by the Hindoo
Coosh; and turning to the S. E. along the Him-
maleh Mountains, Bootan, Assam, thetBurman
Empire, and Tunquin, it again skirts the sea in the
parallel of 21° as farﬁto the eastward as 128° (in-
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Chins.  cluding Corea, to 130°), and ncar the Uda, from
\w»= = whence we set out, to 143° of E. longitude.  Yet
in all this extent of frontier, which cannot be less
than 10,000 geographical miles, the Chinese ter-
ritory has hitherto preserved itself so invulnerable,
and even inaccessible to foreigners, that not a Rus-
sian, a Turcoman, an Afghaun, a Hindoo, Burman,
or Tunquinese, by land, nor an European nor an
American, among the numbers that annually pro-
ceed to Canton for the purposes of trade, have at
any time been able to transgress any part of this
Inviolabi- most extensive boundary, without the knowledge and
lity of the  permission of its vigilant and jealous government;; aid-
Frontler.  od, however, by a moral barrier, of itself perhaps insu-
perable,—the impossibility of communication, from
the total ignorance which prevails, from the highest to
the lowest of the people, of every language but
their own, and the unaccountable ignorance of other
nations of their language. A singular instance may
here be mentioned of the inviolability of the frontier,
notwithstanding the perseverance of the individual
who attempted it, from the unwearied vigilance of
the government. Mr Manning, an English gentle-
"man of property and education, went to Canton’
many years ago, with the view of proceeding into
the interior of China, and of domesticating himself
for some time with the people. On his arrival there

" he adopted the Chinese dress, suffered his beard to
grow, and sedulously applied himself to the study of

* the language, both written and spoken. When the
time approached that his appearance, manners, and
.language were considered to be sufficiently Chinese
to escape detection, it was communicated to him, by
a sort of demi-official mcssage, that his intentions
were known, and that it would be in vain for him to
make the attempt, as measures had been taken to
make it impossible for him to enter the Chinese ter-
ritories beyond the limits of the English factory.
He alleged that his views were innocent, that he was
simply an individual, urged solely by curiosity and a
desire to mix among the people, and to witness the
happy condition of this far-famed nation, wholly un.
connected with any political, commercial, or religi-
ous views,—and he particularly urged, that he was
no missionary of any kind, as those of that character
had of late given uneasiness to the government,—
but he urged his suit in vain. He next tried Cochin-
China, but with no better success ; the same kind of
political jealousy prevailing in that country as in
China. Determined, however, not to be thwarted
in his object, he proceeded to Calcutta, travelled to
the northern frontier of Bengal, found means to pene-
trate through Bootan to Lassa in Thibet, and was on
the point of realizing his long deferred hope by & jour-
ney along the Tartar frontier to the capital of China,
when he was detected by the Chinese authorities, and
ordered immediately to quit the country—so utterly
impossible is it to deceive this watchful government.
With regard to their own people, the laws are strict,
and remarkably severe against any one who shall
seeretly or fraudulently pass the barrier ; and if any
individugl communicate with foreign nations beyond
the boufldaries, the penalty is death by strangulation.
This interdiction of intercourse with a people who

’,
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have nothing in common ‘with the rest-of the world, China.

.will account for the total ignorance that so long pre-

vailed, and the little knowledge we yet possess, re- Erroneous

specting this singular and original people; for that

they are an original and unmixed race we conceive the Origin
no reasonable doubt can be entertained, though aof the Chi-

different hypothesis has been held by learned and"®*

ingenious men. By De Guignes and Fréret, ar-
guing from the communications of the Jesuits, they
were supposed to be derived from a colony of Egyp-
tians ; by the earlier Jesuits they were set down as a
tribe of the Jews; and by Sir William Jones as the
descendants of the Cshantrya or Military Caste of
Hindoos, called Chinas, * who,” say the pundits,
¢ agbandoned the ordinances of the Veda, and lived:
in a state of degradation.” With subwission to
such high authorities, we should as soon think of
deriving the trunk of a tree from its branches, as
the people of China from any of these. That they
are not Egyptians, the ingenious Pauw has most
clearly and satisfactorily demonstrated, by proving *
that, in no one iota, does there, or ever did there,
exist one single resemblance. As little similarity is.
there between them and the Hindoos ; no two peaple,.
indeed, could possibly differ more than they do in
their physical and moral character, in their lan.-
guage, and in their political and religious institu-
tions. The colour of the Hindoo is ebon black or
a deep bronze; that of a Chinese a sickly white, or
pale yellow, like that of a faded leaf, or the root of
rhubarb ;—the features of a Hindoo are regular and
placid ; those of a Chinese wild, irregular, constant
only in the oblique and elongated eye, and the
broad root of the nose ;—the Hindoos are slaves and"
martyrs to religious ordinances; the Chinese bave
superstitions enough, but, strictly speaking, no religi-
ous prejudices;—the Hindoos are divided into castes ;
the Chinese know of no such division ;—the historical
records of China go far beyond the time that these
supposed Chinas, of Sir William Jones, peopled the
country ; the Hindoos have not a page of history ;—
the language of Hindostan is alphabetic; that of
China a transition from the hieroglyphic to the
symbolic; and there is not the slightest analogy in
the colloquial languages of the two countries. But
Sir William Jones had a theory to support, which
made him overloek many inconsistencies ; and he had
no knowledge of the Chinese language. The name
of Chinas seems to have caught him, a name, how-
ever, utterly unknown to the Chinese themselves.
The madman, who, in the third century before Christ,
is accused of burning all their books, but who con.
quered the revolted provinces and reunited them to
the empire, endeavoured to give to China the name
of his own dynasty, T'sin, which might have been
known to the Hindoos, and, threugh them, to the
Arabs, from whom Europeans had their Sina and
China; but this dynasty, if we take Sir William
Jones's dates, reigned a full thousand years subse-
quent to the supposed emigration of the Chinas,
The most ancient name for China, which is still in
use, is Tien-sha, under heaven, or inferior only to
heaven, but the most common appcllation is Tchung-.
guo, the middle kingdom : and here it may be pro-.
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China.  ner to observe, that this name is not given, as the
="~ French missionaries would lead us to sappose, from a

notion, among this people, that China is placed on
the middle of the earth’s square surface, but from
the circumstance of the peror Tching-whang
having fixed his court at Lo-yang, in the province of
Ho-nan, when he gave to this capital the name of
Chung-quo, the middle of the kingdom, which, in
fact, is nearly the truth, and this name was after-
wards transferred to the whole empire.

Dr Marshman has set the question, as to any
similarity between the Sanscrit and Chinese lon-
guages, completely at rest. The priests of Budh,
who were permitted to enter Chiua in the first cen-
tury of the Christian era, endeavoured, with their se-
ligion, to introduce the Sanscrit alphabet, or series
of sounds rePresented by the Devn: i character,
and this geries being placed at the head of Cang-
he's Dictionary, induced Dr Marshman to suppose,
that there might be some connection between the Chi-
nese and the Sanscrit languages; had he, however,
read the prefaceto that dictionary, he wouldhaveseen,
that the compilers announce it as a system brought
from the West, which the lesrned of China could
never be prevailed on to adopt. This Hindeo
series of alphabetic sounds did not, however, mislead

"him; he was fully aware that a pure, unchangeable,

monesyllabic language, could net arise out of a -
syllabic one ; that a language which admitted o
m from its original monoeyllabic root, but re-

ined it in its primitive form, whether employed as
a noun, a verb, or a participle, could not bave been
devived from another language whoee dhatoos or
roots, by a complicated mechanism, assumed a hun-
dred different shepes ; nay, whoee inflections, in
some instances, are 60 numerous, as to produce more
than a thousand modifications of an from one
radical word. Added te all which, when he reflected

that there were in the Sauscrit alphabet four or five

sounds which the organs of a Chimese could not by
any possibility enumerate, he found it utterly in.

ecompatible to associate the two lan,

and was confirmed in his idea by the sest of facts,
He took the Ramsyuna, which is supposed to be the
most ancient poetry in the Sanscrit language, and the
Bhee-king of the Chinese ; in ten of the former,
containing four humdred and Jﬁy-nine words, he
found only thirteen monosyllables, and of these
thirteen, seven do not oocur in the Shee, ner are
any two of them wsed to express the same idea in
both languages. He next took four pages of the
Mahabharu, in the Bengalee dialect, containing two
hundred and sixty-five words, in which he found
only seven monosyliables, and of these tAree only
were Chinese.

Proceeding in the same manner, he proves, what
was scarcely neceseary, that there exists not the
tnll:em}ldkbtrae:: ’re'emblmoe between the Chinese and

(2 anguagee. In examining the speech of
Judah to Joseph, in the 44th chaptersof Genesis, he
finds it to contain two hundred and six words,in which
there occur sixteen monueyllables, but of these seven
only are Chinese words. In Abraham’s intercession
for Sodom, out of two hundred and thirty words, ten

only are monosyllshles, and of these four are‘Chinese.  Chins.
Again, in the maledictory prophecy of Nosh, relg. ‘o™=

tive to his grandson Canaan, in twesnty-six words

there is but one monoeyllable. It would be most ab-
surd, therefore, to conclude, that the Chinese deriv-
ed their language frem the Hebrew, when ope word
only accurs out of twenty-nine, es in the first ex-
ample,—one out of fifty, as in the second,—or one in
twesty-gix, as in the third ; and he thinks it more
rational to infer, that, as it is neither derived from
the Sanacrit nor the Hebrew, it is an original lan.
guage, invented by themselves. Neither is there any
resemblance to be found in the manners, customs,
pbysical character, aor religious creeds of the two
people. There are, in fact, a colony of Jews in
Chira, whoss entraace can be t beyond the
Christian era ; who use the Hebrew language ; who
abstain from swine’s flesh, the great article of Chi-
nese food ; use circumcision, and celebraie the Pass-
over, neither of which the Chinese know any thi
about ; and it may, therefore, fairly be
that they are neither Jews, Hindoos, nor Egyptians,
but an original people, who have kept themselves
more unmixed with cther nations than any
existing on the face of the earth. (Bamrow’s Tra-
vels in China. Marshman's Clavis Sinica.)
M,mdmeoﬂuwdm‘hmwww
the: igi from the heights of T . Origin.
16 . in hct, obvioas enough, thet the Tavtaes s
Chinese are one and the same race; and the ouly
ion seems to be, whether the latter, guided by
monntain-streams, descended from the bleak and
barren elevations of Tartary, which, bulging out of
the general surface of the earth, have been compar.
ed with the hoss of a shield, to the fertile plains and
temperate climate of China? or, whether the former
are swarms sent off by an over-abundant populati
and driven into the mountains? The former suppo-
sition will be regarded, perhaps, as the more proba-
ble of the two. In all the institutions which the
change from a pastorsl to an agricultural state would
necessarily require, the ancient manners and customs
of the Hyperborean Scythians, as described by He-
rodotus, are still discernible among the Chinese. A
Chinese city is nothing more than a Tartar camp,
surrounded by mounds of earth, to preserve th
selves and cattle from the depredations of nei
bouring tribes, and nocturnal attacks of wolves
other wild beasts; and a Chinese habitation,
Tartar tent, with its ing roof supported
poles, excepting that the Chi
walls with brick, and tiled the roofs
When the famous barbarian Gengis-Khan
irruption into the fertile plains of China, and
r;ncuionofaChinaecit,hisnoldienirmediab-

houses, leaving the overhanging roofs supported om
the wooden cglnmnl, by which they were converted
into excelleat tents for themseives and horses. Yot
such is the facility with which Chinese and Tartars
amal, te, that although this celebrated barbarian
could neither read ner write any language, he listen-

ed to the advice of the oonqnned,—boumeumi-

ble of the change of situstion in which he found him-
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id every thing he could to zepair the errors

seif,—did .
=’ he had commitved,—and beth he and his sucoessors

left good names behind them in the annals of the
country. In like manner the present Mantchoo Tar-
tars, who liwed in tents, and subsisted om their cat-
tle and by hunting, immediately accommodated
themselves to the manners, the customs, and the in-
‘stitutions of China, pveserving nothing ef their own,
net even their religion, and acarcely a westige of an-
cient supesstitions that do not ovincide with these of
the Chinese,~—one of the most singular of which is,
their agreement in the birth of man and of the ser-
woman, and the universal use and estimation of
the ancient Scythian emblem of the dragom. Next
to the Chinese, the Turks seem to have
ot e o s T
ians from whence ,
are Tartars. Some Gmmmhs pointed out
a sinilarity between the Turks and Chinese in seven-
teen different customs ; he might have extended the
parallel ¢o more than twice that number—(Recher-
ches sur les Chinots, &c. par M. de Pauw.)

It has long been objected in Burape against the
authenticity of the early part of Chinese history, that
it abounds with absurd fictions and irreconcileable
contradictions ; and that it sets up a chronology and
cosmogony at variance with the sacred writings, and
the generally received opinions of mankind. This,
however, is not the fact with regard to Chinese his-
tory in its pure and original state, divested of the
reveries of Fe or Budh, which the priests of this sect
imported with their religion, and found means to
propagate a.lwngl the vulgar. The Hindoo periods of
the creation and destruction of the universe,—the
miraculous ions,—and all the absurd stories
of gods, demi , and heraes, are scouted by the
learned of China. The period -they assign for the
commencement of their civilization, is pertectly oon-
sistent with the time when, according to holy writ,
the great oatastrophe befel the earth; and though
they are unable to establish the truth of the early
part of it by any concusring centemporaneous histo-
ries of other countries, yet neither can any extra-
neous authority be produced to contradict theirs ; the
probability, therefore, of the truth or fulsehood, must
rest on the internsl evidence of their own history,
and the manner in which that history has been com-
piled, preserved, and hended down to posterity.

We may take it for granted, that when the Empe-
ror -hee summoned to Pekin the most learn-
od men of the empire, for the purpose of translating
into the Mantchoo language an abridged bistory of
China, from the earliest times, those annals only
were consulted which were considered most authen-
tic, , those which are compiled and published
bymof Hon-in. Pere Mailla was one of
those missionaries who viewed the Chinese through
the eye of prejudioe less than most of the Jesuits,
He was employed by the Emperor in making a sur-
vey of the empire, whioch cest him and his co
the labour of ten years ; he passed forty-five years
of his life in the country, and rally about the
esurt, during which sime he e himself perfectly
scquainted with the Mantchoo and the Chinese lan-
guages. ‘When, therefore, Kaung-hee undertook the
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landable design of giving to his Mantchoo subjects Cliina.
an authenticated history of China in their own lan- ™ V™/

guage, Pere Mailla conceived the idea of proceed-
ing pari passu with a translation of the same work
into French ; and having lived to complete this Her-
culean labour, it was published at Paris, after many
difficulties and delays, by the Abbé Grozier, in four-
teen large quarto valumes, under the titde of « His-
tofre Generale de la Chine.”

The history of China commences, in fact, at a pe-
riod not much more than 3000 years before the birth
of Christ, by describing the little horde, from whence
the Chinese .had their origin, to be in as barbarous
end savage a state a3 can well be imagined ; roving
amang the forests of Shen-see, just at the foot of the
Tactar mountains,—without houses,—without any
clothing but the skins of animals,—without fire to
dress their victuals,—subsisting on the &poils of the
chace, on roots and insects. Their chief, of the
name of Yoo-tsou-she, induced them to settle on this
spot, and they made themselves huts of the boughs
of trees. Under the next chief, Swee-gin-shee, the
grand discovery of fire was effected, by the accident-
al friction of two pieces of dry wood. He taught the
peaple to look up to Tien, the great creating, pre-
serving, and destroying power ; and he invented a
method of registering time and events, by making
certain knots en thongs or cords twisted out of the
bark of trees. Next to him followed Fo-fkee, who
separated the people into classes or tribes, giving to
each a particular name ; discovered iron ; appointed
certain days to show their gratitude to heaven, by
offering the firat fruits of the earth; and invented
the Ye-king or Kowa, which superseded the knotted
cords. Fo-hee reigned 115 years, and his tomb is
shown at Tchin-ghoo, in the province of Shen-
see, at this day. His successor, Chin-nong, invented
the plough, and from that moment the civilization of
China proceeds by rapid but progressive steps.

As tge early hi of every ancient e is mare
or less vitiated by fable, we ought not to be more fas-
tidious or less indulgent towards the marvellous in
that of China, than we are towards Egyptian, Greek,
or Roman history. The main facts may be true,
though the details are incorrect; and though the
accidental discovery of fire may not have happened
under Swee-gin-shee, yet it probably was first com-
municated by the friction of two sticks, which, at
this day, is a8 common method among almost all sa~
vages of producing fire. Nor is it aps strictly
correct that Fo-hee made the accidental discovery
of iron, by having burnt a quantity of wood on &
brown earth, any more than &at the Phenicians dis-
covered the mode of making glass by burning green
wood on sand; yet there is nothing improbable,
neither in the one nor the other, that these two
cesses first led to the discovery of both. And if it
be objected against the history, that the reign of a
hundred and years exceeds the usual period
of human existence, it should be recoliected, at the
same time, that such an instance is as nothing, when
compared with those contemporaneous ones record-
ed in biblical history. Thus also considerable al-
lowances are to be deducted from the scientific dis-
coveries of Chin-nong in botany, when we read of
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his having in one day discovered no less than seventy

~ =’ different species of plants that were of a poisonous

Authentici-

nature, and seventy others that were antidotes against
their baneful effects. )

The next sovereign, Hoang-tee, was an usurper ;
but during his reign the Chinese are stated to have
‘made a very rapid progress in the arts and conve-
‘niences of civilized life; and to his lady, See-ling-
shee, is ascribed the honour of having first observed
the silk produced by the worms, of unravelling their
coccoons, and working the fine filaments into a web
of cloth. The tomb of Hoang-tee is also kept up
to this day in the province of Shen-see.

From these few recorded facts, out of a multitude
stated by Chinese historians, we think it may be in-
ferrcd, that at a very distant period, and at the ear-
liest dawn of civilization, a small horde of Tartars,
descending from their elevated regions, seated them-
selves on the plains of Shen-see, at the foot of the
mountains ; and, under the guidance of a succession
of intelligent chiefs, changed the pastoral and vena-
torial life for one more stationary, and at length be-
came cultivators of the soil, and spread themselves
over the fine fertile regions, now known by the name
of China. (Hist. Gen. de la Chine, par P. Mailla.)

Some doubts havc been entertained with regard

ty of their to the authenticity of that part of Chinese history
me" which relates to the reign of the three first sove-

reigns, Io-he, C/zin-non'g, and Hoang-tee, which is
supposed to have been contained in a book called
the San-fen ; and of the five following reigns, end-
ing with the joint government of Yao and Chun, as
‘detailed in another work named the Ou-tien. Of
the first of these works the Chinese avow that no-
thing is known ; and all that remained. of the second
was an imperfect fragment preserved by being in-
‘serted at the head of one of their most ancient and
most valued books, called the Skoo-King, of which
we have a translation, or rather a bad paraphrase, by
Pere Gaubil. This fragment relates chiefly to the
reign of Yao and Chun. The rest of the Shoo-king
contains an abridged history of the empire from the
joint reign of these two sovereigns, down to the time
of Confucius,—being a compilation by this celebrat-
ed sage. The authenticity of the Shoo-king must,
however, depend on two circumstances; first, whe-
ther it is the same that was composed by Confucius;
and, secondly, whether the materials which this sage
possessed were authentic. If he really had copies
of the San-fen and Ou-tien, the Slmo-lting may fair-
ly be classed with the history of Herodotus, with
.whom Confucius was contemporary,—the Chinese
historian having the additional advantage of previous
written records. But, adntitting this to have been
the case, there is still an awkward and suspicious
chasm in the history of China, the cause of which
draws largely on our faith. The Emperor Che-
whang-tee, of the dynasty of T'sin, after reducing, as
we bifore observed, the refractory provinces, con-
ceived the mad scheme of destroying all the writings
of the ewpire, under the idea of commencing a new
set of annals with his own reign, in order that poste-
rity might cousider him as the founder of the empire.
Some sixty years after this barbarous decree had
been carried into execution, his successor, desirous

as far as might be possible to repair the injury, held China
out great rewards to those who could produce any ™~

art of the annals of the empire, more especially the
Eundred chapters of the Shoo-king. After some
time a copy of the Shoo-king was procured in this
manner. All ancient writings, und those of Confucius
in particular, were comprised in short sentences,
forming a kind of poetry, not unlike the Proverbs of
Solomon ; and they were in the memory of moet
persons then, as they are now, who had any preten-
sions to literature ; but sixty years having been suf.
fered to elapse before any encouragement was held
forth for the revival of letters, most of those who
had known the Shoa-king were either dead, or so
old as to have loat the recollection of it. At length,
however, a man named Foo-seng, of the age of ninety
and upwards, was discovered, who, in earlier life,
could repeat the whole Shoo-king by heart. To this
man the historiographers of the empire were sent:
but his articulation was so imperfect, and he was
unable to write, that the parts of it which he recol-
lected could only be obtained through the medium
of his daughter, who, having received the words from
ber father, repeated them to the historians. In this
way they proceeded, until twenty-nine of the books
or sections of the Shoo-king had been committed
to writing, which Foo-seng had comprehended in
twenty-five; but here they were compelled to stop,
the infirmities of Foo-seng not allowing him to pro-
ceed. A document thus obtained, did not pass for
genuine among the learned ; yet all were eager to
procure copies of it, to compare such passages as
each might recollect to have heard their fathers re-
peat. The early annals of China, however, do not
rest solely on this record. Half a century after this, a
prince of Loo, in pulling down an old building (some
say the house in which Confucius lived), to erect on
its site a temple in honour of that philosopher, dis-
covered in one of the walls an imperfect copy of the
Shoo-king, with two other works of Confucius. They
were much devoured by the worms, and written in a
character which had gone out of use. The learned
men were assembled to collate this newly discovered
copy with that taken from Foo-seng’s recollection,
and it is said that they did not materially differ, ex-
cept in the division into chapters. They therefore
proceeded in decyphering the remaining part of the
characters, and, after much time and labour, obtain-
ed twenty-nine complete articles, in addition to the
twenty-nine recollected by Foo-seng, making the
fifty-eight chapters of which the Shoo-king at the
present day is composed.

The story is told by Chinese writers with some
variations; but it is a common saying, that * both
the ancient and modern Shoo-king were taken from
the wall of a house.” According to some, the old
man Foo-seng hid a copy of the book within the
wall of his house, and, to avoid the rigour of the per-
secution that was carried on against men of letters,
put out his own eyes and affected idiotism. The
whole story, however, is not very consistent, and it
has been conjectured that it was invented as a salvo
to the mortified vanity of the Chinese, who were un-
able to make out a connected series of annals trom
a high antiquity; and that, in fact, Confucius was
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the first regular historian of the empire, and proba-

\e~ = bly the person who first led them on rapidly to a.

state of civilization. One thing, at least, is pe_rfeg:t:
ly well ascertained; no writings of any description
prior to those ascribed to Confucius, exist in China.
Where the Shoo-king terminated, Confucius com-
menced his own annjs, called the Tckun-iou, _which
carried down the history of the empire to his own
time, and, of this work, a copy had been secreted
by one of the historiographers. Many other manu-
scripts were frem time to time brought in, from
which were selected all that belonged to the history
of the empire, by a commission, of which Tse-ma-
tsin was placed at the head ;-after his death, his son
T'se-ma-isien completed this great work about a cen-
tury before the Christian era, which is still extant,
and its author considered and known by the name
of the Restorer of History. From that period to the
present time, there seems to be no reason to doubt
the authenticity of Chinese history, or to accuse it
of undue partiality. The history of a dynasty is not

" made public from authority, until that dynasty has

ceased to reign; and it does not appear that any
injustice is done or attempted by the succeeding
dynasty. Some of the atrocities of Gengis Khan
are related on his first incursion into China, but
ample justice is done to him and to his successors.
And the present Tartar dynasty, in publishing the
annals of that of Ming, whom they ‘displnc.ed, dpes
not appear to have done it any violent injustice.
This event occurred under the eye of several Euro-
pean missionaries, then resident in the capital ; and,
by their concurring testimouies, the affairs of the
empire were left, as the Chinese state, to priests,
and eunuchs, and jugglers; and it is favourable to the
character of the college of Han-lin, that, for the sake
of accuracy, the history of the dynasty of Ming was
retarded for some time by the Chinese members re-
fusing to allow the Tartar race, then on the throne,
the title of imperial, until the last remaining prince
of the family of Ming should be extinct; but the
Tartars insisted on dating the commencement of
their own dynasty from the day they were in posses-
sion of Pekin ; to which at length the Chinese mem-
bers were reluctantly compelled to assent. In the
instance of Gengis-khan, they were more success-
ful. The name of this marauder does not appear in
the list of Chinese Emperors, nor those of the two
next in succession, Ogdai-khan, and Menko-khan,
though their exploits are amply detailed in Chinese
history. The Mongoo dynasty commences only with
Kublai-khan, who was not declared emperor till the
death of the last remaining branch of the family of
Song. Their account of these Tartars is probably
very correct. They had neither treasure to pay
their troops, nor magazines of provisions for their
subsistence. They lived by the chace and by plun-
der, driving before them large herds of cattle, whose
flesh served them for food when other supplies fail-
ed, and their skins for clothing. They put to death
men, women, and children, without compunction,
plundering the towns and villages through which
they passed, and carrying off the young women ; and
when the Chinese took up a strong position in the
passes of the mountains, it was the practice of Gen-

gis-khan to seize all the old men, women, and chil-
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dren of the neighbouring country, and drive them ‘™~

forward at the head of his army, and thus approach.
ing the Chinese under cover of their own friends and
relations, succeed in coming upon them without their

being able to strike a singleblow. And it is added, -

that, had it not been for the remonstrances of a Chi-
nese who had united his fortunes to those of the in-

vaders, Gengis-khan had determined to put to death.

all the agriculturists for plowing up the ground and
destroying the grass, on which his num.erous cavalry-
was to be subsisted.

As their history relates solely to- the internal

events and transactions of the empire, and as their
policy has been to exclude all communication with
foreign nations, we have no means of vcrifying the
facts that are related ; but it is in favour of their ac-
curacy to find a fact recorded in the progress of a
revolution brought about by a change of dynasty,
which is also related by an European traveller, who,
was himself a party in the transaction, and who is,
worthy of implicit credit in all that he states to have
fallen under his own knowledge and observation
Marco Polo states, that Sian-foo was taken by the
Mongoos after a siege of three years, chiefly by
the means of machines made by his father apd uncle,
which hurled stones of three hundred pounds in,
weight; and it is recorded in the history of China,
that the city of Siang-yang held out against the
troops of Koublai-khan for four years, but was at
length reduced by means of certain machines for

hurling stones of an extraordinary. weight, con-

structed by one Alikaya, who had travelled to China
from the western countries. :

Another instance of the fidelity of the Chinese.

historians is affirmed by the faithful traveller Marco
Polo. It is recorded that Kublai-khan adopted the
Chinese manners and customs, and gave encourage-,
ment to the arts and sciences, commerce and manu-
factures; that he opened the ports of China to all
foreigners ; that he sent embassies and expeditions
to almost every part of the world, ard received tri-
bute from the sovereigns of Pung-kia-la (Bengal),
Soo-ma-ta-la (Sumatra), and Mal-la-kia (Malacca);

-subdued Corea, but failed in his expedition against

Japan, or, as they call it, Ge-pun-quo, the kingdom
of the rising sun ; all of which will be found related
in Marco Polo; whose accuracy in relating what was
told him, appears in amvther Chinese book called
Fo-quo-kee, a history of the kingdom of Fo, giving.
an account of the temples of India, visited by a Ho-
chang or priest, in the fourth century, in which,
among other things, is noticed the yells and musi-,
cal strains made by invisible spirits in the great de-
sert of Sha-moo, to frighten and bewilder the tra-
veller; a fable repeated by Marco Polo, in speaking
of the same desert, nine hundred years after~
wards (Hist. Gen.; Morrison's Dictionary ; Marco
Polo.)

But whether the ancient history of China be true Govern-
or false, whether Yao or Chun were real or fictitious ment.

personages, and Confucius the real author of the re-
ligious, moral, and political maxims ascribed to these
sovereigns, the Chinese at lcast entertain no doubts
on the subject; and on these maxims are all their
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institutions founded, as we find them- ewisting at the

o\~ present day. In all these justitutions may be dis-

covered the traces of a primeval state of society,
The leading features of the governmemt etill wear
the stamp of the first rude attempts to restrain sa-
v man within the pale of social life; paternal
solicitude and protection on the part of the chisf’;
obedience and service on that of the people. TFhe
same principles which their history states to have
regalated the pastoral tribes of Fo-hee on the pluins
of Shen-see, 4000 years ago, actuate the measures
of the Chinese government of the present day. A
few modifications of the ancient patriarchal system
has served to convert tribes of hunters and shep-
herds into a nation of agriculturists, and lept them
so; for of all governments that the history of the
world has made known, none have had that perma-
nency and stability which China has enjoyed. Like
other governments, the machine may occasiopally
have been enlarged; a few wheels may have been
added ; s movements sometimes disturbed ; ite ope-
rations impeded ; and & spring or a wheel injured or
destroyed ; but the damage has soon been sepaired,
and without altering or improving the prineiples of
the construction. ﬁebellion, revolution, and orelgn

, have occasionally remeved old famihes
from, and placed new ones on, the vacant throme;
and for a moment disturbed the movememts of the
machine, but a little time has generally restored the
usual harmony of its operations. It becomes, there.
fore, an object of interest to imiuire,onwhat i

. ciples and by what praetice, the largest mass of po-

pulation, which in any age or country has been uwited
under one government, has been tegether in
one bond of union, for a peried of time extending
far beyond that at which the history of the eardiest
European nations way be sid to commmence. It
has assuredly not been owing to the superior virtues
of its prinees ; for China has had its Neros and Cali-

as well as Rome; nor to the superior virtaes
of the people; for Chinese morality consists more in
profession than in practice; and yet the affectation of
superior virtues in the one, and of morul sentiment
in the other, have gone fur in giving support to the
system of government and securing the permanency
of the ancient institutions of the country.

Ancient , universally appealed to, is slmost
the only rule of conduct, and the only limitation or
control prescribed to the executive authority vested
in the monarch. The public voice is never herrd, but
the public opinion is sedulously courted by the so-
vereign, and conveyed to every part of the empire
through the medium of the Pekin Gautl:.m’"l‘hh
yehicle of imperial panegyric is published duily; it
iaw:ent fonhmi‘:;to' almegznr:vinegs, and read in alt
the public taverns and tea-houses. It is one of the
most powerful engines of state; and a series of this
g:per would expluin the nature of the government,

tter than all the moral maxims of antiquity on
which it is supposed to be founded. Through it are
all the measures of the government, or rather of the
sovereign, communicated to the public. If he fasts
or feasts, promotes or degrades, levies or remits
taxes, feeds the hungry, clothes the naked, rewards
virtue, or punishes vice, or, in short, whatever Jaud-

-

able action he mey perform, it is abnounced in this Chios
state paper, with the motives and the ressons that ‘™~

mn{ have given rise to it. Every sentence of death,
with an abmtract of the charges and the trial, every
mitigation of punishment, are also published in this
Gazette,

The grand leading principle of this patrierchal

Government is to place the Sovereign at as greas

a distance from the people, and as far removed from
mortality, as human invention could suggest. They
not only stile him, the “ Son of Heaven,” but be-
lieve him to be of heavenly descent ; and this super-
stitious notion appeared in a manner sufficiently re-
markable, by the obstacles thrown in the way of the
present Mantchoo , on account of their f
mily not beisg sble to trace their deacent farthex
back then eight generations ; a defect of ancient ori-
gin, which was considered by the Chinese as a2
reproach. Ksung-hee, aware of their prejudi
caused the genea?ogy of the Tartar family to be
published in the Gasette. It stated that “ the
daughter of heaven, descending on the borders of the
lake Poulkouri, at the foot of the White Mountain,
and eating some red-fruit that grows there, coneeived,
and bore a son, partaking ef her nature, and endow-
ed with wisdom, s , amd beauty ; that the peo~
ple chose him for their Sovereign, and that from him
were descended the ¢ Son of Heaven,” whe
llledthelhru:heeof China.” A:dmthin ox i
wiped aw: reproach, an: satisfied the
ubjem«»f‘yﬂle“eehuidlimpire." Y

In the cspacity of Sovereign, the Emperor of
China is to sustain two distinct characters.
The first is of a High Priest, in which he, and
be alove, mediates and intercedes with heaven for
all the sine and misdeeds of his In this cha-
ricter he only can officiate at solemn feasts, when
heaven is to be propitiated by suitable oblations. He
alone has the merit of all the prosperity that the em-
menjcp;'bmhenhoafecnmm-dup\ﬂicu-

ity to be the ¢ uence of some act committed,
or some duty neglected by him. When, therefore, in-
:}u.;re::htkms, famu;.u, or inundations, af-
A e people, he affects the deepest humility,
pears in the meamest dress, strips the p.lne:yof.z
ormnaments, and suspends all the Court anmsements ;
but even in this state of humiliation, he is held wp
a8 the peculiar object of heaven's attention, whether
it be to punish or to bless. :

His second charucter as Sovereign of the Empire
is that of “ the father and mother of his people.”
In this character, it is mppoeed, that his subjects
bear the same relation to hum thet be stands in te-
wards Tien or heaven. His ministers or magistretes
exemhiswill,ndmsugond to be pinced s
agents between him and the people, in the same
manner as heaven has its agents to regulate the di-
vine decrees on earth; but all power, homour, ofi-
ceo,andemolumel;)u,euumg:mlﬁm alone, aad
are revocable at his pleasure. His prerogative is
undefined and undivided, umatmm«r by any writ-
ten Jaw, and checked only by ancient custom,
#ro) even than law. ¢ Heaven,” says Confu-
cius, has not two sons, earth has not two kings, &
family has not two masters, sovereign power has Dot
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China. two directors--one God, one Emperor,” not for
% China alone, but for all the earth, the rest of the

Sovereigns being considered as his vassals. This
doctrine was boldly avowed on the occasion of Lord
Ambherst’s embassy, when the ceremony of prostration
was demanded, not as a mere ceremony, but as the
sign and seal of vassalage ; and, on this ground, was,
of course, resisted.

This self-created’ universal autocrat is not only
the fountzin of gll honour in his wide dominions, but
of all mercy. He is held up, on all occasions, as the
mediator for his people, stepping in between the
sentence of the law and the execution of it, and with
a fatherly tenderness remitting a certain portion of
the punishment which the law awards, and which the
magistrate has no power to dispense with. If a ma-
g::rate instructs the people, it is in the name of the

ror ; if he flogs them for a misdemeanour, he
remits a certain number of blows as the Emperor’s
grace ; he orders his ministers to attend at all times
to the complaints of the people ; and that none may
be denied access to the chiet magistrate of the dis-
trict, a gong or drum is suspended at the outer gate
of his dwelling,—but woe be to him who ventures
to sound it without substantial reason—the Empe-
ror's grace would not save him from at least a dozen
strokes of the bamboo. Navarette says- that the
judge’s drum at Nankin is covered with the hide of
an elephant, and the drum-stick, a huge piece of
timber, slung by strong ropes from the roof of the
house. This poor Jesuit had a ready credulity to
receive all for truth which the Chinese told him..

The name of the sovereign, however, rarely ap-
pears but in an amiable light ; the people hear of him
only as distributing rewards, punishing oppression,
relieving the distresses of the poor, opening the
public magazines in times of scarcity, and remitting
all taxes where the state of the treasury will afford
it. Thus, it appears, that Kien-lung, having re-
ceived a report from the Board of Revenue, that a
balance remained in the tre: of seventy millions
of ounces of silver, issued an edict, by which he ex-
empted all his dpeople from one year's taxes. This
is all very good, and so is the whole theory of this
arbitrary government, as delivered in the following
rescript, which the minister of Timour-kban put into
the hands of this sovereign; were but the practice
conformable with it, we might call it truly Utopian.
1. Study with eager attention the will of heaven. £.
Be careful to tread in the steps of your ancestors,
and to imitate their virtues. 3. Cease not to show
your respéet and gratitude to the august parents
who gave you birth. 4. Watch over your people
with a fatherly fondness. 5. In the exercise of so-
vereign power, preserve an upright heart, and an
elevated soul. 6. Be moderate in your pleasures.
7. Drink little wine. 8. Do not lavish your trea-
sures. 9. Extend your benefits to men of merit.
10. Make your justice formidable to criminals. 11.
Drive from your presence knaves and fatterers. 12.
Cherish upright and sincere men, and receive with
temper their wise remonstrances. 18. Study the
character of those you employ, and proportion their
employments to their talents. 14. Regulate your
. time to your occupations, g0 that they may suit each
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other. 15. Let not a day pass without studying the Chins.

maxims of the ancients. And he concludes by ob-
serving that, by putting in practice these fifteen
precepts, he would secure to himself a happy reign,
and to his people prosperityand the blessings of peace.

In Kaung-hee's declaration on the appointment of
his successor, a short time previous to his death, he
obeerves, that ¢ the true way for a sovereign to per-
form his essential duty towards heaven and the me-
mory of his ancestors, is to procure for the people
peace and plenty ; to make his own happiness con-
sist in the iness of the people, and his own heart
the heart of the whole state;’ and he adds, ¢ al-
though, since I have occupied the throne, I cannot
say that I have succeeded in changing the bad cus-
toms, and reforming the morals of my people; al-
though I may not have been fortunate enough to
give plenty to every family, or the necessaries of
life to every individual, yet I-may venture to assert,
that, during my long reign, I have had no other view
than to procure for the empire a solid peace, and to
render all my people satisfied in tbeir respective
conditions. ﬁuring my whole reign, I have caused
the death of no one without a suflicient reason, I
have never ventured upon any useless expence to be
defrayed from the public treasury; it is the blood of
the people. I have drawn nothing from it that was
not ne
for relieving the calamities of famine,” &c. &c.3

The ancient and established maxims of filial piety
form, however, the grand basis of, the Chinese go-
vernment. Every son is supposed to hold the same
relation to his father that the people do to the so-
vereign; and the same unnatural and unwarrantable
power which is given to the father over his children
could not consistently be withheld from the empe-
ror. No wickedness or unnatural treatment can, on
the part of the parent, relieve a son from his duties.
The merit of every good action performed by the
son is ‘ascribed to Ze education given to him by the
father, but the son bears his own disgrace. In like
manner, the sovereign receives the whole merit of
the country’s prosperity, but his ministers incur the
disgrace of all its misfortunes. To be consistent in
thus placing the young and vigorous at the mercy
of the old and feeble, the Emper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>