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history of their sciences, and to the lives and discoveries of their
predecessors.

I cannot help comparing the interest felt by all classes of men
for, say, Shakespeare, and for the minutest details of his life and
works, with that felt (even by specialists) for, say, Sir Isaac Newton.
I cannot help comparing the numbers of editions of Shakespeare's
works with those of Newton's Principia and Optics. I think of the
interest in Plato, as compared with that in Hippocrates; of the
interest in Horace or Juvenal, as compared with that in Pliny’s
Natural History. Of the millions who have learned Fuclid by rote,
how many know or care whether Euclid is the name of a man or
merely the title of a book on geometry? Would the civilised world
take the interest in any new discovery connected with that famous
Greek, which it has lately taken in the wvarious investigations
relating to Homer and the scene of the Trojan war? We might go
through the literatures of ancient and modern times, and always
with the same result. The poets, the philosophers, the historians
live and appeal to all; those who have written of outer material
nature are quite forgotten, or remembered but by a few.

One, indeed, might make shift to dispense with the interest of
the multitude in these subjects, but that of scientific men them-
selves seems rarely enlisted by the history of their science. If this
be so, is the conclusion unavoidable that this topic—the history of
science—is so extensive that it is beyond the grasp of any one to
deal with it? This can hardly be true. Or is it that the history of
those branches of knowledge which themselves are most lauded at
the present day for their precision, and especially for their use—
that is, not for their own sakes, but as means to other, and of
necessity more important ends, and which are to be taught sooner
or later everywhere as among the most important educational
agencies—that the history of those branches is quite deficient in
interest ?

To confine ourselves to our own science (though what I say is
applicable more or less to others), do chemists at the present day
feel that interest in the chemistry of, say, fifty or one hundred years
ago, that a student of English, French, or German does in the
literature of those languages during the same time? Is there any
reason why he does not ?

It will be urged that the studies are not comparable : the study
of literature is of man's works, that of chemistry is of the works
of Nature. It is more important, it will be said, to ask Nature
than to read books. This, which is true, if properly explained,
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obtained from the history are of no importance, but rather from a
latent feeling that there is a want of union between the science and its
history. The facts and principles contained in the history of chemistry
are not those of the science itself, or, if they are the same, they are
considered from a very different point of view. The history of
chemistry, in short, furnishes the chemist, as the investigator of
certain properties of matter, with nothing which is of assistance to
him in increasing his knowledge of these properties, and is there-
fore of no use to him in the pursuit of his calling. Naturally
enough, then, he does not spend time on a subject—even the history
of his own science—which has no more import for him than the
history of grammar or of maritime discovery. But the penalty
paid for this is severe, for there is no literature which sooner
becomes antiquated, and even obsolete, than the scientific, which so
soon ceases to have an intrinsic and acquires a purely historical
value. '

In perusing now the writings of Priestley or Scheele, Lavoisier
or Davy, or even of more recent men, the interest, such as it is,
felt in them is not derived solely from the number of new facts they
contain—for they contain none, all the hard won facts of these men
having long ago been swallowed up and assimilated in the general
body of science—or the accuracy of the theories recorded, but the
interest is mingled partly with curiosity to observe how far the
author's knowledge was an advance upon that of his predecessors,
how far that of the reader is an advance upon that of the most
famous experimentalists and discoverers of their own or of any
succeeding epoch ; partly with a personal interest in the men them-
selves, as possessed of genius, energy, and success in the discovery
of chemical phenomena. But no chemist who wishes to be abreast
of the facts of his time would think of studying Priestley’s views on
vital air, A.p. 1774, while last year's Jahresbericht is lying u‘ncut-.
Following up this argument, it is plain that older writings 15;111 be
perused still less frequently for the facts and ideas they furnish, so
that when at last writings cease to have immediate connection with
the present, they cease to attract the modern student.

Now, since only the modern cultivator of a branch of science—the
student of chemistry, for instance—can intelligently read older buu];s
and correctly estimate the work of his predecessors, and yet does 16
not, it can hardly be expected that others will who have not t].:;a
corresponding taste and knowledge. Thus, between those who will
not and those who cannot record the events of the past, the Emﬁt, the
ideas to be derived from the contemplation of the history of science, are






may be discovered—there can be no doubt as to the practical
result, that no original work on the subject has appeared during the
last five-and-forty years in this country. The want of historical
interest, knowledge, and criticism was conspicuous when a recent
occasion called for the exercise of all three, and when a feeble, half-
spirited caveat was entered against a now famous utterance, asif
the author of it were doubtful of the accuracy of his facts and the
strength of his position. The treatment of history by the British
writers is not of a kind to enable us to arrive at general ideas. As
historians they have taken up what seems a perfectly barren posi-
tion—they either apologise for, or petulantly complain of their
facts. Their criticism, when there is any, consists in applying the
historian’s knowledge as a standard by which to judge that of a
writer 50 or 100 or 1000 years earlier, without considering the
manifold conditions and surroundings—some facilitating, others
retarding—under which all knowledge is acquired at all times. So,
instead of dealing with the chemistry of the Dark Ages, or of the
time of Charles IL, or of any other time as a fixed immutable
phenomenon in the history of European thought, instead of searching
for the causes from which these remarkable phases of science origin-
ated and prevailed to the extent they did, it has been too much
the habit to find fault with the working of those epochs, to complain,
for instance, that so much time was spent by the alchemists in
trying to realise their belief that transmutation is possible, or to
prepare the elixir of life. If any time could be spent to less
purpose than that by the alchemists, it would be that spent by
historians in complaining that the alchemists had so spent it.

And when we come to the minuter details of history, there is still
a defect in the search for causes. There is much about what was
discovered, but not about the why and how. The main question,
however, ought to be, What is the idea which gave origin to a given
course of investigation, or which dominated at a particular time}
Tn how far was the idea confirmed, and thus became part of the
established body of science, something which, being necessarily true,
remains alwhys available? Such methods of historical inquiry
are those which attract the great bulk of mankind. It is the
energising thought of the investigator which appeals direct to our
own minds, and not the bare facts which he discovered. Contact
with such a mind and with such thoughts is a far richer snientiﬂlc
training than the mere learning of secrets ‘wrung fl'UIfl .Na,tura.s
close reserve ;" and it is in history conceived in this spirit, not 1n
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taught inductively.* T should feel inclined, however, to ascribe
higher than merely practical aims to the bistory; for, the recording
of discovered facts being left to the science, the history should be
concerned with the course of the discoveries, and the subjection of
this course to the ideas of the epoch in which they were made.

In speaking as I have done of historians, I am perhaps guilty
of dealing to them the same kind of criticism as they bestowed
upon their predecessors. I am perhaps not considering sufficiently
that when they wrote they were not so far removed from what were
deemed pestilent errors as we are now, and especially that the
higher method of regarding history was unknown to them. This,
however, 18 but saying in other words that if the science has
progressed during the last fifty years, so has the treatment of its
history ; that if new facts and generalisations have been added to
the general system, new facts and generalisations have been won in
the domain of history ; that if, as I said before, a chemist feels it
his duty rather to study the annual survey for 1874 than Bishop
Watson's or Bergman's Hssays, so the historian would not engage
in the perusal of Thomson's or Brande's Skefches, if he had the
recent contributions to chemiecal history of Dr. Kopp still to read,
. or Andrien’s exposition of dlchemy.t

It is our regret that, for the most recent information and newest
lights upon the subject, we must go to France and Germany,
because, with all our endeavours, we seem as unable to hold our
own, to quote the phrase onece more, against foreign competition in
this  department of investigation as in others. For the second
time the Germans are engaged in recording the history of the
sciences. The older series appeared about the beginning of the
century, and it contained works which, in spite of the progress of
discovery, are still valuable. The newer series is appearing under
the joint patronage of the King of Bavaria and the Academy of
Seiences at Munich, and is executed by some of the most dis-
tinguished specialists in Germany. We turn to France, and we
find there a series of histories, mot on the same scale as the
German, it is true, but perhaps better suited for popular reading.
It differs also in being a private enterprise; but this shews

* It is a modern fancy that a science should be taught inductively—that is, as
the facts were discovered. It is unnecessary to confute so unpractical a notion;
but it is worth while remembering that Berzelius anticipated it long ago, and
pointed out its deficiencies. : %

+ In the Encyclopadia Britannica, 1. 459-467. Edin., 1875. 9th Edition.
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science to the earliest periods of recorded chronology. They thought,
perhaps, that since it was so venerable and weighty by its age,
which was undoubted, it must be still more reverenced if it ecould
be shewn to have had an existence from the very beginning of time.
But if we follow the example thus set us, and also carry back to
a very early time the origin of the modern science, it would be
necessary to explain the sense in which the word origin is used. I
should employ it then to denote, not a commencement relative or
absolute, but rather the caunses and conditions of growth, and the
emergence of a defined course of thought from among a set of stray
observations and casual remarks. What these causes and condi-
tions were could be considered only in the history itself.

From what has been said there seem to be various ways in which
the history of chemistry, like other histories, may be treated. In-
fluenced by the importance of the ideas of any epoch, we may seek
to bring them into prominence, and pass over slightly the manner in
which they developed. To some extent this mode of dealing with
history is not without advantages. It happens, however, sometimes
that the ideas are not presented in their entirety in a concrete
example. More frequently they dominate in the general tone of
thought or manner of regarding phenomena, and it would accord-
ingly require several examples for every side to be exhibited.
In the selection of these examples, however, and treatment of
them, it is possible to investigate the history of chemistry from
another side, and with rather different results. For if we choose,
as we must do, the best instances of any period—the representative
men whom it presents—we shall arrive at a knowledge, not of the
abstract impersonal ideas of the time, but the influence of these
agents in embodying them, in modifying and reducing them to
practice. Thus, if by the former process we recognise in the ideas the
highest historical abstractions, obtained by the adjustment of many
opposing claims, of many conflicting facts and hypotheses—and by
filling up from other sources and knowledge of what ought to be,
the imperfect notions inductively obtained — the embodiment of
these ideas are the authors of the discoveries which led to them, the
men who changed the aspect of the science for their successors, until
their own changes had to be changed, and whose names dme‘gnata
their whole epoch. History of ideas becomes history of their ideas;
and in contemplating what they attempted, and wherein they suc-
ceeded and failed, we obtain one of the lessons which history supplies.

Tt is not possible for me to enter on further details, to search out
causes, or even to sketch, on the wide plan referred to above, an
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first appears as a branch of occult learning; and the germs of the
idea which burst into full flower in the following period can be
plainly traced in this. To this time also point the great number of
Greek MSS. found in the public libraries of Europe, which deal
with chemistry under the name of “the sacred art,” and which have
recently attracted so much attention among chemical historians.
As yet our knowledge of these remains is very imperfect ; but we
have reason to believe that by a careful examination of them some
light may be thrown upon the origin of the idea of transmutation.
One thing seems certain, that the idea can be traced back to the
third, or perhaps even the second century of our era, and that the
name chemistry is of very early origin.

Periop 1L

This corresponds to the Middle Ages of European history. Just
as in the political events of this period the East and West were
closely associated, a similar connection existed in science and
literature. This, which is the period of alchemy, embraces the
great names of Rhazes, Avicenna, Djaber in the East, and the
equally famous names of Albertus Magnus, Roger Bacon, Lully, and
Basil Valentine in the West. It includes no fewer than seven cen-
turies—from the eighth or ninth down to the sixteenth.

Perion III.

At this time begins a new epoch, inaugurated by the zeal of
Paracelsus—the epoch of medical chemistry. The theories of this
time were of comparatively short duration. They dominated for
barely two centuries, corresponding with the first two of modern
history, after the Reformation. The chemists of this period were
energetic and successful, and have left their names stamped deeply
on the science to this day. Besides Paracelsus were Libavius,
Glauber, Van Helmont, Agricola, and many others of great ability.

Periop IV.

This falls within the seventeenth and eighteenth centuries, and
it is the first in which chemistry stands out as a definite subject,
with a special field of investigation apart from applications, with a
body of ascertained facts and methods, and with what may be call:ad
a general principle. It was inaugurated by Boyle, reaffhed its
highest theoretical position in Stahl, and was concluded amidst the
brilliant discoveries of Black, Cavendish, Priestley, and Scheele.
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to this subject. * He quotes the well known passages from the
lexicon of Suidas, who flourished in the eleventh century, and who,
in his explanation of the word ynuefa as the preparation of silver
and gold, tells how the Emperor Diocletian sought out and burned
' the books on the subject, to prevent the Egyptians becoming rich
thereby and resisting the Romans. The other passage is under the
word 8épac, skin, where Suidas explains that the golden fleece won
by the Argonauts through the love of Medea for Jason, was not a
fleece of gold at all, but a skin, on which was written the mode of
preparing gold chemically. “From these two passages,” he pro-
ceeds, “ there can be no doubt that the word chemistry was known
to the Greeks in the eleventh century, and that it signified at
that time the art of making gold and silver.” He mentions that

“though the lexicon of Suidas be the first printed book in which
- the word Chemistry occurs, yet it is said to be found in much
earlier tracts, which still continue in manuseript. Thus Secaliger
informs us that he perused a Greek manuscript of Zosimus, the
Panapolite, written in the fifth century, and deposited in the King
of France's library. Olaus Borrichius mentions this manuseript,
but in such terms that it is difficult to know whether he had him-
self read it, though he seems to insinuate as much. + The title
of this manuscript is said to be ¢ A faithful description of the sacred
and divine art of making gold and silver, by Zosimus, the Pana-
polite.” In this treatise Zosimus distinguishes the art by the name
xnputa, chemia. From a passage in this manuscript, quoted by
Scaliger, and given also by Olaus Borrichius, it appears that
Zosimus carries the antiquity of the art of making gold and silver
much higher than Suidas has ventured to do.” He thereupon
quotes the passage which narrates how the angels rewarded women
for their love, by teaching them the operations of nature, and then
adds:—

« Zogimus is not the only Greek writer on chemistry. Olaus
Borrichius has given us a list of thirty-eight treatises, which he
says exist in the librarvies of Rome, Venice, and Paris; and Dr.

* The History of Chemistry, by Thomas Thomson, M.D., i. 3. London, 1830.
The story about Diocletian has got into general history : it is rel_‘crmd ta,.fur
instance, by Gibbon, Decline and Fall, chap. xiii, who styles it the first
authentic event in the history of alchemy.” :

t De Ovtw et Progressu Chemie, p. 12. [Hafnie, 1668. Bc-rrhich‘ms’rw_nrds
seem quite explicit: Verba Zosimi, quae juxta mecum in Manuscnphx '}Jnhlmth
Reg. Parisine exstantia legit, adeoque in notis ad Busebii Chronica jam ante
expressit Sealiger, ita habent.]
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of an historian, indicates that the author thought that historical
conclusions could be arrived at by a different method from that
by which eonelusions—say, in chemistry—could be arrived at, and
that assertions evidently unproved, at least by himself, could pass
current in history, though they could not pass current in science ;
because he has applied no eriticism to the statements of his antho-
rities, but allowed them, full of curious matter as they are, to be
forgotten; beeause, while admitting that the MSS. quoted by these
authorities date back to the fifth century of our era, and that
they ave likely, therefore, to contain something, either positive or
negative, about the state of chemistry in those days, he has not
shewn any consciousness of this possibility—has not apparently put
himself to the trouble of discovering if anything more was known
about them. In short, the whole subject has been practically
ignored by Thomson.

That there was a great deal to be ascertained recent investigation
has shewn. '

Since Thomson’s history nothing has appeared on the subject in
English, except by Mr. Rodwell, in some articles contributed to
Nature, and afterwards reprinted in a single volume.® The author
Las said a little move about the Greek MSS. He has also described
one in the National Library at Paris from personal inspection ; but
his decision respecting them all is adverse to their claims to anti-
quity, to their genuineness—that is, to their being really the work
of the persons whose names they bear, and he seems to think that
they are not so old as the fourth or fifth century, but were most
probably written subsequent to the origin of alchemy, which he
places in Arabia, not long prior to the eighth century.

The authority upon whom he seems chiefly to rely is the French
chemical historian, Dr. Ferd. Hoefer.t Hoefer certainly has the
merit of disentombing the Greek chemical MSS. of the Paris
library, of describing them, and of giving extracts from them both
in the original and in a French translation. He shewed, however,
no evidence in the first edition of his history that he knew there
yere similar MSS. in existence elsewhere—that was excusable ;

* The Birth of Chemistry, London, 1874, He does not specify :.ﬂliﬂh of the
Pariz MSS. he saw. His examination of the subject is quite brief ; he men-
tions Borrichius and Juncker, in addition to Hoefer, but he does not seem
to have noticed the extent and complexity of the questions involved, nor does he
quote Kopp. o .

+ Histoire de la Chimie, 2 vols. Paris, 1842-43. 2nd Edition, 2 vols,, Paris,
1566-65.
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Experience has shewn me how unexpectedly information turns up
in out-of-the-way quarters, which enables one to settle without
hesitation important facts or dates, and to demolish a whole
superstructure of hypotheses founded with apparent stability on an
assumed fact, which no one is prepared to call in question. For
my own part, I believe that very interesting information might be
gained by a collation of these MSS., and until this be done, opinions
about them are—opinions. What has been accomplished in this
direction hitherto is but small, when one remembers the labour,
talent, and genius which have been lavished for centuries upon the
ancient classical authors, and which is lavishing as copiously as
ever, and, though to a much smaller extent, upon many later and
less interesting and important writers. It is singular, however,
that of all the scholars of the past who have caused the printing of
piles of unread Greek and Latin, not one has attempted to print
even respectable extracts from one of the collections. Promises of
editions were made,® and fervent wishes for such were expressed
by older scholars, but the former were never fulfilled, and the latter
never gratified, and at most passages of a few pages have been
reproduced.

The oldest printed collection, by Pizimenti, appeared in 1573.
It contained writings of Democritus, Synesius, Pelagius, Stephanus,
and Michael Psellus, but they were not in the Greek, but in a Latin
translation. Nothing more was done till Fabricius printed in his
great work t not only a collection of literary and bibliographical
notices of the MSS., but also the text of writings of Heliodoros and
of Synesios. In 1745, as T have already mentioned, extracts from the
St. Mark’'s MS. were given by Jo. Steph. Bernard. They consist
of passages in verse by the authors Theophrastos, Hierotheos,
Archelaos, Heliodoros, Christianos, treating of xpvoomoita, but
the chief article is a AfEwov kard ororyeiov Tijc ypusomotiac—
that is, an Alphabetical Catalogue of Goldmaking,—which occupies
twenty-eight pages. In 1777, Gruner edited the first Actio of
Stephanos, with a Latin translation, from the Gotha and Breslau
MSS.; and in 1807, the chemical vow or oath—/sidis, Christiani et
Pappi philosophi jusjurandum chemicum—from the same MSS. At
the end of last and beginning of this century, a work on the Paris
MSS. was begun by Ameilhon, and extracts from it were published

* Teo Allatins, the librarian of the Vatican, spoke in 1634 of an edition of
the (3reek alchemists, but it never appeared.

+ Fabricins, Bibliotheca Grece, Hamburg, 1718-28, and edited by Harles,
Hamburg, 1790-1809.
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turies), and others who gave lists partly seriptural, partly mythologi-
cal, partly real, do not exhibit any knowledge of the Greek writers.
This was to be expected. Roger Bacon and his contemporary, Robert
Grossteste, were almost the only men of their time who knew Greek ;
indeed, till the capture of Constantinople in the fifteenth century
by the Turks, when many Greeks fled to Italy and Germany and
France, bringing their language and literature with them, both
were practically unknown in the West.* The European alchemists
had, as it appears, obtained the principles of their art from the
Arabic schools in Spain; and thus, while they never mention the
Greeks, they are constantly alluding to Geber, Avicenna, Rhazes, and
other Arabians. But after the sixteenth century, notices of these
MBS, appear in various works, as in literary histories, and especially
in library catalogues. None of the great collections of alchémical
writings—Manget's Bibliotheca, Zetzner's Theatrum Chemicum, the
Museuwm Hermeticum, &c.—contain treatises which, so far as I know,
have been identified with any of the Greek.

Among the deseriptions may be mentioned that of Reinesius, who
states very clearly his opinion that the treatises were composed in
Alexandria, brought to Constantinople, where they took form; and
then were carried to the West by the Christian exiles. Reinesius,
however, deals only with the Altenburg-Gotha MS. A MS. collec-
tion was also known to Gesner, and one belonged to the famous
Dr. John Dee, the physician of Queen Elizabeth. At a later date,
Borrichius enumerates the MSS, in the Vatican, at Paris, Venice,
Munich, and Cologne.t Morhof also devotes a good deal of space
to the question, and quotes Reinesius, Gesner, Dee, and Borrichius.}
Fabricius adds those of Milan, the Escurial, Venice, Breslau, Gotha,
and Wolfenbiittel ; and Reuvens § mentions some of these, and adds
Leyden. When it is remembered that the works of all these authors
(except Reuvens), and of many others besides, were printed long
prior to Dr. Thomas Thomson's history, it will be seen that he
ignored the matter entirely.||

* According to Warton, Greek was well known to the Saxon scholars. History
of English Poetry, vol. i, p. evi, London, 15840..

+ Borrichius, Hermetis, Lgyptiorum et Chemicorum Sapientia, p. 79, Hafnize,
1674

1 Morhof, Polyhistor, pp. 100-112, Lubecm, 1714.

§ C. J. C. Reuvens, Lettres a M. Lefronne . . . sur les Papyres bilingues
et Grees, . . . du Muste . . . de UUniversité de Leide. Leide, 1830.
Troisitme Lettre.

| Dr, Thomson has the following note to Suidas in his History, . 3 :—"The
word ynueie is said to occur in several Greek manuscripts of a much earlier date
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1570,* wrote the two Vienna MSS,, and that at Breslau. These
are quite recent; and if, as is possible, they are merely transerip-
tions of some of the older existing MSS,, they can be only of very
slight critical value. Their value, of course, would be raised if they
are obviously independent of any of the other copies. In any case,
the possible distinetion must never be forgotten between the actual
author, whoever he may have been, whether the same as, or, as is
most probable, different from the ancient Greek whose name he
bore, the compiler of the collection, and the transeriber of a par-
ticular copy.

As was to be expected the worth of these MSS. has been very
variously estimated. Reinesius threw doubt upon their age and
authenticity—that is, he did not believe that the treatises were the
production of the ancient more famous men whose names were
attached to them.t While I do not mean to say that the treatises
are mot supposititious, it is also possible to believe that the authors
of some of them, at any rate, may have had the misfortune to have
lawfully borne the names they are known by. Olaus Borrichius,
again, attached very great importance to them, because he saw in
them distinet proofs of the great antiquity of the Hermetic art, and
he went the length of lamenting that so much time and labour had
been spent on Martial and Petronius, while these MSS. were left
to decay without attention. He was as bitterly opposed by Conring,
who attacked the supposed antiquity of Hermes and the Hermetic
science. Both sides of this disenssion seem to be beside the subject ;
for, as in most such, the debate has turned less on what 45, than on
what has been sakd, or how it has been said. It may turn out, after
properly conducted inquiry, that Hermes Trismegistus was a real
person, and the Emerald Table genunine, recondite, and rare, or that
they are both trumpery inventions of the Middle Ages; but there
is little use in discussing opinions so long as defined facts are
wanting.

Among modern critics, Hoefer, as I have already said, is inclined
to set considerable value upon them, and to ascribe to the authors
knowledge of chemical phenomena. Kopp, again, confesses that
he has found less chemistry in them than he anticipated ; but he
also admits that this may be due to the phraseology employed,
which, he says, is often quite unintelligible to him.

* Shaw's Boerhaave's New Method of Chemistry, vol. i, p. 21],- London,

1753
+ Morhof, Polyhistor, p. 101, Lubecw, 1714.
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much of Kopp's criticism, to which the author just quoted has not
made any reference,

Allowing, however, that alchemy began in Arabia about the eighth
century, there would still have to be considered the origin of these
Greek writings. No similarity, so far as T know, has yet been
traced between them. Whence, then, did the Greeks derive their
notions? Supposing a similarity were to be traced, the question
would be, which borrowed from the other, or did both borrow from
a common source, say Hgyptian, or Indian, or, as was recently
re-advanced by Dr. Gladstone,” from China? In reply to the first
we know that in all other cases the Arabs borrowed from the
Greeks—philosophy, especially mechanical and physical, and medi-
cine. It would certainly be most unexpected if the Greeks borrowed
their alchemy from the Arvabs.t If, on the other hand, both
borrowed from a common source, alchemy cannot be said to have
originated in Arabia. In any case, the eighth century seems too
modern. The works of Geber, if what we have are the genuine
productions of a man who flourished in the eighth century, shew too
great knowledge—a too confirmed and condensed reasoning for the
subject treated of to have been of recent growth; and the author
speaks of the ancients, a term he would hardly have applied to
those who had cultivated an art which had begun fifty or even one
hundred years before his time. We are not in the habit of calling
Priestley and Lavoisier, or even Boyle or Lord Bacon, ancients.

In any case the connection between the Greek and Arabic writings
~ would have to be made out—if there be any. Kopp seems to have
no doubt that alchemy, if ever pursued in Egypt, was brought to
Europe not by the Byzantine Greeks, but by way of Spain through
the Arabs; and this certainly agrees with all we know of the
events of the Saracen invasions and conquests.]

* «The Birth of Alchemy.” Argonauf, No. 25 for January, 1876, pp. 1-6.
I say re-advanced, for the Chinese have been credited with a knowledge of
chemistry for a very long time, Borrichins was of opinion that it was carried
to them by the expeditions of Sesostris, or prior to these, and adds: * Unde &
Chinenses plurimis ante Constantinuin Magnum seculis arte Chemici inclaruere,
ut ex Martinii Histor. Chin. liqvidum est. Hoangtius, ingvit, in magna urbe
Puliang in Chemicis laboravit MMD. annis ante Christum, qvangvam & hac
pauld liberalis.” Hermeis...Sapientia, p. 90, Hafnime, 1674 : :

+ See on the indebtedness of the Arabs to the Greeks for their learning,
Warton’s History of English Poetry, vol. i., p. xci., London 1840. In a note to
this passage reference is made to Reinesius' “ very curious account of the

Manuscript Collection of Greel: Chemists in the library of Saxe-Gotha,” one of
the few allusions in English to the MSS. known to me. :

T Beitrdge, p. 316.
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language employed by the writers is exceedingly obseure; but it has
seemed to me that if we could get at the central point—unless there
be several, if you will excuse such a statement—the interpretation
of the obscure language would be simple. The difficulty now is to
get at the idea through the language. At the centre we should be
able to trace the ramifications of the idea to the remote outskirts;
but at the outskirts as we are, we are away from the centre, and
can trace hardly any connection with other parts of the circle of old
chemieal views,

From what has been done within the last year or two, there are
indications that the physical and medical knowledge of the early
periods of our era are attracting attention, and are worthy of it.
This last year extracts from Arabic authors on physical questions
have been printed. From these it is obvious that the Arabs in the
twelfth century were able to determine the specific gravity of
different bodies with equal accuracy with ourselves, and there are
indications of chemical knowledge in these extracts also.*

In his edition of the Arabic work Fikrist, Fligel alludes to the
connection between the Greek MSS. and the Arabians, and says that
Egypt is confessedly the home of alchemy—the black art—swhose
name Kem is of the same descent as chemistry, and points out
coincidences in the names of the Greek authors with those in
Oriental writings. +

These are indications of interest being taken by philologers in the
early history of physical and chemical science. The most interest-
ing notice of all, however, is that of a papyrus in the library at
Leyden, which was described by M. Reuvens in the work already
quoted ubove.f As this subject has not been mentioned in any
English work, so far as I know, I shall abstract M. Reuvens’
account.

The papyrus is 0-3 metre long by 0-18 metre broad—that is, a
small folio. It contains ten sheets folded in two and stitched, thus
forming twenty leaves, eight of which are written upon. These
sixteen pages contain forty-five lines each, in a beautiful and legible

* Quarterly Journal of Science, No. LIL, October, 1876, pp. 494-517.

+ Kitab-al-Filirist, Leipzig, 1872, 2er Band, pp. 186-196. This connection of
the name of the science with that of the country was stated by J. Chartier in h_m
work, La Science dw Plomb Sacré des Sages, ou de U Antimoine, . . . Paris,
1651, p. 5. See Kopp, Beitrige, p. 70, who has given various opinions as to
this derivation, but has not quoted any allusion to it so early as this of Chartier's.

+ Reuvens' Lettres & M. Letronne, . . . Leide, 1830, Troisidme Lettre,

Art. xi., Papyrus 66, p. 69, sqq.
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tions. This chemist then, whom, though dead by 777, we may
yet regard as the representative of 778, or of Chemistry in the
eighth century, and the starting-point of our reflections, was called
Dschabir, or more commonly Geber.

Hardly anything is known of his life. He was an Arab, born
at Tarsus according to one account, was a pupil of Dschaafer ess-
Sadik, whose works he edited, and was himself the reputed author of
a vast number of works on almost every department of learning,
He is best known, however, by his writings on Chemistry, which
have descended to us in Latin translations made probably during
the Middle Ages from the Arabic. These translations were pub-
lished at the beginning of the sixteenth and during the seventeenth
centuries, and, from the Latin, versions were made into English,
French, and German. It was in 1678, just two hundred years
ago, that the English translation appeared, to which I shall refer
in due course. '

From my having called Geber the greatest of medizval chemists,
I may have led you to expect something very wonderful, but it is
possible you may be disappointed when the extent of his know-
ledge and scope of his science are put before you. Let me give you
a short summary of both.

In his writings, then, Geber describes gold, silver, copper, tin,
lead, and iron, and mercury. The first six were recognized as
metals ; their alloys were known, and their amalgams. That some
of these metals could be converted into earthy powders by burning
in the air, as well as by other processes, was also known. The
oxides best known were of copper, iron, and mercury, and the yellow
and red oxides of lead. White arsenic was a familiar substance,
and its power of whitening copper is referred to in support of the
author’s general theory. :

Sulphur yas a substance regarded as of great value and impor-
tance. The native and purified sulphurs were made use of, but
precipitated éulphur is described as well. The element was dis-
solved in an alkaline menstruum, and this was decomposed with
acetic acid. Curiously, however, Geber does not remark the strong
fotid odour which is produced in this decomposition. The effect of
acting on copper and mercury with sulphur is specially referred to.

The alkaline carbonates are mentioned. Carbonate of potassium
was obtained from cream of tartar by ignition, solution, and
crystallization—sodic carbonate, or salt-alkali, from gsea-shore plmt?.
Caustic alkali was got by acting on the carbonate with caustic







6 Plalosophical Society of Glasgow,

stand that the chemists must have had to content themselves
with very broad differences of temperature, and in fact they
could do little else than distinguish between, e.g., the tempera-
ture of boiling water and say a visible’low red heat, between
that and a red heat, between that and a fire urged to its ntmost
by vents and draughtholes placed in a particular way in the
furnace. So important, however, was this subject of heat and its
regulation felt, that Gieber has written a separate treatise entitled,
“ Of Furnaces.”

He was also quite familiar with the operations of cementation,
t.e., of purifying gold by means of a mixture of an alkaline car-
bonate and pounded bricks, and of cupellation, 4., of assaying or
purifying gold by heating it with lead in a porous crucible called
a cupel, made of pounded bone ash. The account he gives of this
operation—apparently one of the oldest in metallurgical chemistry
—is one of the most complete in the whole of his writings, and is
so exact that it might be followed almost at the present day.
Indeed, it bears a singular resemblance to the account of the same
process given by the late Professor W.  A. Miller, in his ¢ Elements
of Chemistry,” part ii.

Another important operation was distillation, the separation of a
more volatile from a less volatile fluid. Tt was employed for the
preparation of nitric acid, the purification of acetic acid, and such like
purposes.  This has always been one of the most important of
chemical processes, as it is undoubtedly one of the oldest. It was
in use long before Geber's time, for, so far as one can gather, it was
employed by the chemists at the beginning of our era—say 500
years before Geber. Indeed, there is every likelihood that so
obvious and efficient a process must have been invented almost
as soon as attention was directed to the ebullition and evaporation
of fluids. The distillation described is of three kinds—ordinary
distillation by ascent, distillation by descent, and what is called
distillation by a filter—a species of filtration in which a bunch of
fibres, or a piece of porous paper or cloth, is hung over the edge of
a vessel with one end immersed in the fluid requiring filtration.
* Then, by capillary attraction, the fluid drains through the fibres and
drops into a vessel placed beneath the projecting end.

And now, what was the theory which Geber maintained and
tried to apply practically, besides defending it against the
assaults of those persons who decried it? It was this:—
The metals (then known) are bodies composed of two funda-
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I can offer is, that there was the preconceived idea of the possibility,

or, rather, natural necessity of progression towards perfection among |

the _Ifueta.la, that the eduction of one metal from another by a
chemical process was interpreted, from ignorance of the permanence
of bodies, to-be production of the one metal from the other, and
that he failed to verify by actual tests the results of his operations,
and was thus untrue to his own principles. That Geber believed
in transmutation, in a transmuting substance or substances, and in
his having succeeded, is apparent in his writings.

The above, the composition of the metals, is the great principle
which pervades his works; but one sees incidentally remarks of a
general kind, which show that the author attempted to assign
reasons for the phenomena he observed, or that these phenomena

~were merely illustrations of certain general principles. For ex-
ample, the notion of affinity makes its appearance in its original
form, viz,, that of relationship, One substance acts upon another,
because there is some kind of communion between them. Mercury
amalgamates, therefore, rapidly with gold, and lead, and tin, but
less readily with silver and copper, and not at all with iron, because
it has so little mercury in its composition. From this he draws
very cleverly a conelusion which I give in the original words
(Russell’s translation, p. 160):—

“Study in all your works that argentvive may excel in the com-
mixtion. And if you can perfect by argentvive only, you will be the
searcher out of a most precious perfection ; and of the perfection
of that, which overcomes the work of nature. For you may cleanse
it most inwardly, to which mundification Nature cannot reach. But
the probation of this, viz, that those bodies which contain a greater
quantity of argentvive, are of greater perfection, is their easie
reception of argentvive. For we see bodies of perfection amicably
to embrace argentvive.” .

In the preceding I have culled just a few of the leading points
of interest which are to be met with in the books of this father of
modern chemistry, as he is not inappropriately termed, Were this
a suitable opportunity, and if there were time enough it would be
easy by giving quotations and descriptions to show how far the
writer had advanced in the knowledge of certain classes of sub-
stances and reactions, and how sound his view was of the relations
of man and nature. But as this would cccupy a succession of
hours I cannot undertake the task now. My object at present is
rather to show the sum of his knowledge, and we find it comprised

LI
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an aid to medicine and pharmacy. It must not be forgotten,
however, that the influence he exercised as a physician was literally *
unbounded down to the sixteenth century. Just as the church held
men’s minds enthralled on theology, and philosophy, and every-day
life, so Avicenna’s word was final in medicine, and was worth any
number of other men’s reasons. This lasted until the sixteenth
century, when the influence of the church was attacked by Luther,
and that of Avicenna was demolished by Paracelsus.

From 978, the birth year of Avicenna, down to 1278, there
is again hardly a name to be quoted in the History of Chemistry.
The only exceptions, perhaps, are Albertus Magnus, who was
born in 1193, and died about 1280 ; Roger Bacon, born about
1214, died 1274; Michael the Scot, born about 1200, died about
1270-80. These are names better known in the history of philo-
sophy, and physics, and Aristotelian learning, than in Chemistry.
All three ave credited with chemical writings; but these contain little
more than a recapitulation of Geber’s doctrines: the theory of
composition and transmutation is the same, and as for the positive
knowledge of substances there is nothing to add.

1278. Perhaps the true representative of Chemistry in 1278 is
" Raymund Lully, who was born in the island of Majorca in 1235,
and died in 1315.* About this time, therefore, he was in his forty-
third year, and he had already spent an adventurous life. He had
travelled in Spain, and Italy, and France, and Africa, studying
Arabie, and trying to convert the infidels. In Milan he
took to alchemy, and, long after, he succeeded in preparing the
philosopher’s stone, with which in England he effected several
historical transmutations. These appear in all the histories by
the partisans and defenders of alchemy as among the best authen-
ticated cases. Apart from this, however, there is his actual
Chemistry, which remains in his very numerous writings. His
general theoretical views, like those of Bacon, Albertus Magnus,
and Arnold of Villanova, are still Geber’'s. He believed in the
composition of the metals, and of necessity in their relationship
and mutual transformation. He was, besides, quite familiar with
all the facts of the science that had been discovered in the 500
years which had elapsed from the days of Geber. For example, h.E
could prepare alcohol by distilling red wine, and he could make it

* Some say 1335. There is a good deal of confusion about the events of
Lully’s life.
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nothing but an allegorical account of the preparation of the
philosopher’s stone ; and whose writings, or at least those ascribed to
him, are full of what appears at first sight to be a set of conundrums,
couched in very obscure language.

Just 400 years ago, also, lived George Ripley, Canon of Brid-
lington, Yorkshire, who worked at the Hermetic art, travelled on
the Continent and lived long in Rome, and finally retwrned to his
native country in 1478 in possession of the secret. He entered
the Carmelite Order, lived a very retired life, was suspected of
magie, wrote several books, one of the chief of which is the * Book
of the 12 Gates,” spent enormous sums in the defence of Europe,
especially of the Island of Rhodes, against the Turks, and died about
1490. Through the mist of language one can see that he held the
Geberian view of the composition of the metals, but added nothing
to what was known of chemical facts. He seems, however, to
have thought that the philosopher’s stone, if it could be got, would
be the best of all medicines for human ailments,

But while in the 15th century alchemy was flourishing in the
highest degree, there was a Benedictine monk at Erfurt, who was
investigating a substance which had been known for long, but
which does not play any prominent -part in the previous history of
Chemistry. This monk was called Basil Valentine, and the sub-
stanee he examined was antimony.

As in previous cases, however, there is considerable doubt as to
the existence of a real person of this name at the date men-
tioned, and very considerable doubt as to the manner in which his
writings (which were concealed in a hole in a wall) were disclosed,
long after his death, by the place being opened by a thunderbolt.
It seems that in the list of the friars at Erfurt, Basil Valentine's
name does not occur, so that all the rest of the story is probably
an invention, but there is no doubt about the existence of the
books, whatever may be said of their true date and authorship.

The chief work of this author is entitled the Z'riumphant
Chariot of Antimony, and though the author, both in it and in
other works, shows that he was quite imbued with alchemical
" notions, he must have amassed an immense amount of knowledge
about bodies in general, and antimony in particular, either by his
own exertions, or by reading what others had done. If the latter,
the authors that he consulted are no longer in existence; but on
all accounts, it seems more correct to believe that the most of what
he describes was his own discovery.
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time ta impose upon those ignorant of metals, was the effect of
mixing metals in different proportions ; and he showed that these
mixtures contained no gold or silver.

Thus, at the end of the 15th century, during 800 years, chemists
had made distinct progress in the knowledge of different substances.
But two things remained unchanged—1st, the aim, to transmute
inferior metals into gold and silver; 2nd, the general theory of
composition of the metals, The only advance was to include under
Chemistry other substances, and to aseribe to them the same composi-
tion. Parallel, too, with this purely scientific side of the subject,
had undoubtedly run an applied or practical side. Medical men,
alive to the importance of getting new medicines, had not been
slow to avail themselves of the newly-discovered compounds; and
hence the Zriumplant Chariot of Antimony contains allusions
to the medicinal effects of the antimonial compounds.

1578. I ask you, therefore, now to pass to the next centennial
period, to 1578, and observe the changes.

In the interval a man hadlived, who, deficient in learning and
training, deficient in. every grace of manner, of a common, some
have said of a vicious and debased, life, had altered almost the
whole face of an important branch of science. This was Paracelsus,
who lrved from 1493 to 1541. He it was who attacked and over-
threw the Galenic and Arabic medicine, who freed men from the
influence of an authority which had become an incubus, rather than
a rational help, who gave a fresh impulse to inquiry without dread
of the consequences. He it was who did away with the terrible
preseriptions of the then physicians, and introduced what were
distinetly called chemical medicines, But he did not confine him-
self to this alone. He attempted to give a rational explanation of
disease by founding on chemical actions in the body. It is needless
to say how vain this attempt was in the sixteenth, when physicians
and physiologists are not yet ready for it in the nineteenth, century ;
but Paracelsus gave an impulse to the study of medical Chemistry,
as distinet frnm alchemy, which lasted down to the beginning of
the presen*s century, and is well seen in the fact of Chemistry
having been almost always pursued until then by medical men, and
forming an essential part of a medical training. But Paracelsus’
views had not carried conviction universally. He was keenly
opposed by upholders of the older system, and as Paracelsus was
far from being perfect or logical in his doctrines, it was not difficult
to refute many of his positions. Still, his influence was felt in the
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what he called the acid spirit of sulphur, dissolved in water, is
converted into the stronger and less volatile acid liquor.

You will remember that in the general course of history the
sixteenth century is one of the most notable, The spread of the
Reformation, the discovery of Ameriea, inventions and discoveries
in astronomy and other branches of physics, and the extraordinary
burst of literary genius—all these showed that some enormous clog
had been removed from the human spirit, and that it was revelling
in its newly acquired liberty. It was not to be expected, of course,
that all would share in this progress alike, but one can see an
immense advance and insight in general. The idea of science, as
distinguished from ecclesiastical and scholastic dogmatism and
authority, had struck root; and it was formulated and worked
out by Lord Bacon at the beginning of the seventeenth century,
and dominated in the work of that century.

1678. Of all byegone periods in the history of Chemistry the
seventeenth century is one of the most remarkable. It was prolific
in the highest degree in chemical writings of every kind of merit
—from the clearest statements of facts by Glauber and Glaser and
Lemery, and the most trenchant criticism by Boyle, down to the
vaguest and most unintelligible allegories by those who still
cherished the dream of a mystical philosopher’s stone.

In fact, the cultivators of the subject are divisible into several
groups, and if I just mention a few of the works which were pub-
lished about 1678—200 years ago—you will understand what very
different kinds of chemists there must have been.

Well, there were published in London in 1678 :—

The Works of Geber, the Arvabian Prince and Philosopher.
By Richard Russell.

' Basil Valentine: his triumphant Chariot of Antimony; with
Annotations of Theodore Kirkringius, M.D. Also by
Richard Russell. :

Ripley Revived ; or, an Euposition upon Sir George Ripley's
%Ie{msdica-l’asﬂiml Works ; written by Eirenceus Phila-
lethes. ;

T have already spoken about Geber and Basil Valentine ; but

this third work is in"the usual style of alchemical allegory, though
it contains some plain chemical processes.® Alongside of these

* Posides these there is a swarm of alchemical works bearing date from
1660 to 1680, i
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But it took very long before Boyle's idea was adopted—in fact,
I question whether in the popular mind it has been adopted yet.
It exercised little or no influence on the chemical work of the
following century, and the arguments drawn from experiment
had to be put in force again for so important a substance as
chlorine.

1778. The interval between 1678-1778 was a very eventful one.
A whole theoretical epoch is included—the epoch of Phlogiston.
Erroneous that theory may have been, but under it Chemistry
became a science, and the new substances and reactions, and general
principles and methods discovered were more than equal to those
of the preceding ten centuries. To say nothing of the discovery of
the gases, and of new metals, analytical Chemistry and technical
and manufacturing Chemistry came into existence, and the ball
which had been slowly rolling, but was gradually acquiring.
increased velocity, was now bounding along without a stop, Prior
to 1778 —in 1772—had begun the attack by Lavoisier on the
Phlogistic system. It was concluded for himself by 1778, or
shortly after, but it was some years before it had asserted its
supremacy among the chemists of Europe.

The last quarter of the eighteenth century was distinguished
not only by Lavoisier’s great reform in the manner of regarding
combustion, but by a succession of chemists whose lives overlap,
and who one and all have left deep marks on the science.

Beginning with Black, : : : . Born 1728—1799

We have Cavendish, . . . 3 1731—1810

Priestley, . 1733—18504

Bergman, . 1735—1784

James Watt, 1736—1819

Watson, 1737—1816

Scheele, 1742—1786

Lavoisier, 1743—1794

Berthollet, . 1745—1822

Fourcroy, . 1755—18509

Richter, 1762—1807

Vaungnelin, . 1763—1829

Wollaston, . 1766—1828

Dalton, - 1766—1844

Thomas Thomson, 1773—1852

Thénard, . 1777—1857
Labarraque, 1777—1850 °

Courtois, 1777—1838

And then in 1778 we have the illustrious names of Gay-Lussac
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practical quantity. He did not at once grasp the significance of
the elemental characters of iodine and chlorine, and was not at
once prepared to accept the hydrogen acid theory, but he did at
last give in his adherence, and his monograph on iodine and its
compounds 15 a classical research, and exhausted the subject.
(Gtay-Lussac’s name is indissolubly connected with the discovery
of cyanogen, the first compound and separable radical. He was
one of the first to make balloon ascents for scientific purposes. But
his greatest contribution to Chemical Science is the enunciation of
the law of volume combination, which has certainly proved the
resting place of modern theory. This law is the complement of
that of combination by weight, and it had escaped Lavoisier and
all the other chemists who had investigated the composition of
water. Gay-Lussac’s researches are very numerous, and extend to
every department of the sciemce. In especial he improved the
method of making combustions of organic substances, and intro-
duced the wet assay of silver by a standard solution of common
salt, the volumetric, estimation of bleaching solutions by arsenious
acid, and alkalimetry by standard sulphuric acid. These are
only some of the discoveries and inventions with which he enriched
the science, and whether we consider his insight and ealm power
of working out his results, his wide views, his dexterity as a
manipulator, and the persistence of his inventions, we can quite
appreciate and agree with Sir Humphry Davy’s observation that
of all the French chemists of that time Gay-Lussac was the most
distinguished.

It is too soon, and it is hardly the place; to celebrate the centenary
of these two men of world-wide fame, but it is well to recall the
memory of those to whom the human race is indebted for its
progress, for its enlightenment, and for its well-being, From the
days of Geber until now there never have been wanting willing and
" able hands to carry on the work. Some, like Davy, with everything
in their favour, with almost everything successful, loaded with
honours and gifts, and rewarded with the expressed thanks and
gratitude of those he benefited. Others, like Glauber, who toiled and
laboured and made his discoveries, but received no good of them,
was neglected and died in abject poverty and misery. It is not
for us to say what verdict will be passed a century hence on
1878. Before that time there will be a great sifting of knowledge.
I cannot help thinking that at the present moment we have come
to a period of stagnation in almost every department of human









