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PREFACE TO THE FIRST GERMAN EDITION

NEARLY five decades have passed by since Hermann Kopp’s

_classical Geschichie der Chemie® began to appear, and it is
now fifteen years since this was followed by the same
indefatigable author's Entwickelung der Chemie im der
neueren Zeit.?

The publication of these comprehensive works, in con-

- junction with which Héfer's Histoire de la Chimie must be

named, and the further descriptions of the growth of
chemistry within particular periods given both by Kopp
himself and by other writers, might lead one to suppbse that
there was no pressing need for further work in the same
direction at the present time. '

This point can, the author thinks, be best discussed by
his making a few remarks here with resfect to the aim and
plan of the present volume.

In this History of Chemistry the attempt has been
made to describe within short compass the development of
chemical knowledge, and especially of the general doctrines
of chemistry which have thus been gradually evolved, from
their earliest beginnings up to the present day. After a

1 <t History of Chemistry.”
2 «¢The Development of Chemistry in Recent Times.”
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general account of the main directions followed by chemistry
in the various ages, the growth of particular branches of the
science has been more or less minutely detailed. .

In the general descriptions great emphasis has been laid
aipon the genesis of particular ideas, and their expansion into
important dogmas or comprehensive theories. At the same
time, in order that a vivid picture of the various periods and
their distinguishing characteristics might be presented to
the reader, short accounts have been given of the works, and
in some cases of the lives, of the men who originated and
developed such views.

In the special sections, on the other hand, the attempt
has been made to collect together fundamental facts, which
have been sifted and relegated to their proper branch of the
science, and thus to offer as clear a description as possible of
the state of chemical knowledge at the time in question.

That neither in this nor in the history of the develop-
ment of theoretical views could completeness be thus
achieved, hardly requires to be stated. But the author has
at all events endeavoured to give a fair synopsis of the most
important theories and facts which constitute the foundation
of chemistry as we now know it.

The growth of chemical knowledge during recent times,
since Boyle, and especially since Lavoisier, naturally forms
the principal subject of the following chapters. The author
is fully aware of the many difficulties which have to be met
here, difficulties which increase in extent the nearer we
approach to the history of our own period. We stand too
close to the development of the theoretical views of these
latter days to feel certain of always preserving the unbiassed
temperament which is essential to the true historian. But,
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notwithstanding this, the author has ventured the attempt
to carry the record of the history of chemistry up to the
present day.

In this task he has done his best to preserve throughout
an objective attitude; and he has further been guided by
the earnest desire to contribute effectively towards shedding
a clear light upon the opposing views held with respect
to the d'evelopment and the importance of the chemical
doctrines of to-day. It has also been his duty as an
historian to endeavour to apply to the services rendered by
eminent investigators of quite recent years a calmer and
juster criticism than has hitherto in many cases been meted

out to them.
ERNST VON MEYER.
Lnrpzia, 7th October, 1888,






TRANSLATOR'S PREFACE TO THE FIRST
ENGLISH EDITION

THE author, in his preface to the original German edition,
discusses the question whether there is any necessity for
a new history of chemistry in his own language at the
present day. That there is full room for one in this country
will be admitted upon all hands. It is therefore hoped that
the appended lvistory will prove not only useful to the student,
but also interesting to the general reader who is desirous of
gaining some idea of the development of chemical science.

The translator has done his best to reproduce clearly the
sense of the German original. And since Professor von
Meyer has been so kind as to read over the first corrected
proofs, as well as to answer a great many queries, it 19 hoped
that this has been achieved.

A considerable number of small alterations and additions
have been made for this edition, inost of them by the author,
but some by the translator with the author’s concurrence.
While these may reasonably be supposed to have improved
the book, they have not altered its character in the slightest
degree. The translator has further added a number of
duplicate references to English journals (to such papers as
were published both in German and English), and also a few
new ones, for the greater convenience of English readers.
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In conclusion, he would express his indebtedness to the
various gentlemen who have been kind enough to give him
the benefit of their criticism and advice upon different points,
with regard to which his own special knowledge was insuffi-
cient, and also to those others who have assisted him in the
matter of references, ete.

UNIvERSITY CoLLEGE OF N. Warks, BaNGogr,
March, 1891.

AUTHOR'S NOTE 'I‘O THE FIRST ENGLISH
EDITION

It was a great satisfaction to me that the translation ot
this history was undertaken by my former pupil, Dr. McGowan,
and I desire to express here my appreciation of the manner
in which he has entered into the spirit of the work, and to
offer him my hearty thanks for all his trouble in the matter.

May the book find many friends among the English-
speaking peoples, and help to stimulate the interest of its
readers in the development of our science.

ERNST VON MEYER.
LErezia, February, 1891,



TRANSLATOR'S PREFACE TO THE SECOND |
ENGLISH EDITION

THE present edition is a translation of the second German
edition (published in 1895), with a number of further addi-
tions and alterations, most of these latter having been made
by the author, but a good many of them by myself, with his
approval; and, as in the case of the previous edition, the
proof sheets had the benefit of the author’s revision after my
own corrections were made. '

In his preface to the second German edition Professor
von Meyer expresses his gratification at the success of
the English version, and then goes on to speak of the
additional sources of information on subjects of historical
chemistry which bave during the last few years become
available for reference. - Among these are the Berzelius-
Liebig and the Liebig-Wohler Letters, the Letters and
Journals of Scheele, Priestley’s Letters, and the autobio-
graphical fragment ‘which Iiebig left behind him. In
addition, there are the recently published and valuable his-
torical researches of Berthelot on the chemistry of the early
Middle Ages, and the writings of Ladenburg, Schorlemmer,
Thorpe, Grimaux and others on the development of chem-
istry within certain definite periods, or on the life and work
of particular chemists.
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I may, perhaps, be permitted to add my word of appre
ation to what the author has said with regard to the frien
reception of the flrst English edition both in this coun
and in America, and to express the hope that the prese
edition may be found at least equally acceptable.

GEORGE McGOWAN.

Earixag, Loxporn, W.
July, 1898.



AUTHOR’S PREFACE TO THE THIPT
GERMAN EDITION  _

A FEW words may be prefaced to the third edition of this
History of Chemistry. There are many signs that among the
rising generation there is an increase of the historical sense
with regard to chemistry and to science generally—a better
understanding of the reasons for their existence and growth.
This has shown itself in the publication of a number of
valuable historical works in the interval which has elapsed
since 1894, the year in which the second edition of this book
appeared. The monographs on the history of chemistry,
edited by Kahlbaum, have brought to light much treasure in
the shape of biographies, letters, etc.; while a journal, whose
aim is the study of the history of the natural sciences and
of medicine, was started three years ago and, thanks to
Kahlbaum’s zealous co-operation, stands chemistry in good
stead.

That this historical sense has also been growing in other
countries is evidenced—to give only a few instances—by the
publication of Berthelot’s works on the early history. of
chemistry, of Thorpe’s historical essays, and of Guareschi’s
monographs.

Wilhelm Ostwald, indefatigable as a pioneer in the field
of physical chemistry, has never tired of laying stress on the
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importance of historical studies for the understanding of
general chemistry ; according to hiin “there is no more
effective means of vivifying and deepening the study of a
science than to saturate onc’s-self in its history.” The
frequent courses of lectures on the history of chemistry which
are given in our (German) universitics and colleges are
further evidence of the interest now taken in the cvolution
of the science.

Besides the works alrendy mentioned, many others have
been made use of in the preparation of this edition—more
especially the continuously augmenting literature of experi-
mental research. How much that wns new and pioneering
has thus had to be included ! It required no close examina-
tion of the preceding edition to sce that some of the sections
of the latter required to be reeast to & considerable extent,
In all the chapters which deal with the chewmistry of recent
times, new matter has eithor been added or old matter
altered with a view to ity improvement. In this connection
I would wish to express my heartiest thanks to various
colleagues for the valuable help that they have given me.
Dr. Strunz, with his intimate knowledge of Paracelsus,
hns suggested several alterations which enable us to form
a truer estimate of this hitherto much-abused investigator,
My colleague, Prof. Fr, Foerster, has, by his advice and
valuable suggestions, helped e materially with the final
proofs of the section upon physical chemistry.

May the book in its new form again make itself friend:
and help to arouse and strengthen the interest in the history
of our noble science,

ERNST VON MEYER.

DuesnrN, Tth Ortober, 194,
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TRANSLATOR'S PREFACE TO THE THIRD
ENGLISH EDITION

THE present edition is a translation of the third German
edition, publishied in the early part of 1905, but it contains
at the same time some alterations and additions, made with
the sanction of the author; and, as in the case of the
two previous English editions, the proof sheets have had
the benefit of the author’s revision.

Sir William Ramsay has been kind enough to look through
most of the second half of the book, and has suggested a.
number of alterations and additions which have materially
imprdved the text. I should also like to take the oppor-
tunity.of thanking Miss H. M. E. Aitken for the care which

. she has taken over the indexes, most of which have

been done by her. I have also been much helped by
different members of my own family in the reading of the
proof sheets, ' '

GEORGE McGOWAN.

Earing, Loxpon, W.
September, 1908.
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A HISTORY OF CHEMISTRY

INTRODUCTION

CrEMISTRY has for the last two hundred and forty years
or so been defined as the study of the composition of
gubstances. Its first task, therefore, lies in ascertaining the
constituents of which the material world surrounding us is
composed in' reducing these constituents to their elements,
and in building up new chemical compounds from the
latter. Hand in hand with these analytic and synthetic
problems there goes the further task of determining the
laws which regulate the chemical combination of matber.
The problems just indicated occupy, in the widest sense
of the word, the attention of chemists to-day. The prob-
lems of chemistry were, however, different in former times,
and it is precisely these differences in aim which characterise
the various epochs into which the history of the science may

___’aherefore be divided.
.The oldest nations with regard to which we possess
£ ‘.a.ble information—the Egyptians, Pheenicians, Jews and
s , “{“\rs—-chd indeed possess a certain disjointed knowledge of

ch,&cal processes acquired accidentally; but these were
ap) for their practical results alone, and not with the
0% f deducing any comprehensive scientific explanation
fr Sum. We meet with similar conditions among the
ﬁ" situred European nations, the Greeks and Romans
® $most of their knowledge of chemical facts to the
pxx*t named. Nowhere do we find in ansiquity the
en&e&?% o gain an insight into chemical processes by
\ 5 B
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means of definitely planned experiments. Although the
Ancients were wholly without such data, furnished by exact
research, as are nowadays held to be indispensable, this
did not prevent them from speculating as to the nature of
the universe: indeed, those theoretical views upon the
pature of matter, on the “elements " of which the workl
was composed, have given to the earliest age of chemistry
its own particular stamp. Some of these systems—ospeci-
ally Aristotle’s system of the elements—continued to hold

sway for many centuries, and influenced more especially the

whole teaching of the Middle Ages.

From the above-mentioned doctrine of the nature of the
elements was developed the theory of the transmutation of
metals, or rather the fixed belief that one element can be
transformed into another. Even so far back as the beginning
of our own era, at first in Egypt, there began the striving to
transmute the base metals into the noble, to “create ” gold
and silver. ' |

The art by which this was to be achieved was termed
chemia (xnuela), a name dating, so far as actual proof goes
from the fourth century, but in reality probably from nn’
earlier period.! ‘ '

_ There are many indications that this conception of the
aim of chemistry and of the problems which it had to solve
predominated for centuries following, eg. it lies at the
root of the definition given by Suidas, the author of an
encyclopedia, who lived in the eleventh century: “ Chen.
f‘stry, the artificial preparation of silver and gold;” furtd i,

Xpvoomoula” was a very common designation for chemi4y Y
over a long period of time. / | \

This task, the solution of which was the aim c’ﬂle ‘

! This word is of Egyptian origin and is probably foun ot
ngpt.mn “word cham or chémi, the na.ms for E’;ypt. deﬁ',o:: f‘ne“’”"’l
lowever, ‘“‘black,” and hence there is still some doubt whethe  *ord
ﬁn_uf!a ?f thfa.t period denotes Egyptian art or, as Hoffmann i/ Article

Chemie,” in the Dictionary of Chemistry ,ed.ited b, Al'bn urg A
endeavours to prove, the employment of a black-colgu ,’P&mtim; ‘
\'nluu.b]_a for alchemistical purposes. The mode of writ!"eﬁ % and
the derivation of this word from xwuds, are to be regarded 1’1- &

/

P
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so-called Alch'emy,1 characterises the alchemistic period, a
period extending from at least the fourth century of our era
to the first half of the sixteenth. It is impossible to state
with perfect exactitude the date at which alchemy took its
rise, its origin being lost in the mists of the past. The
labours of the alchemists, who strove by all imaginable
methods to attain to the philosopher’s stone (by the aid of
. which not only were the noble metals to be produced from
thé base, but also the life of man to be prolonged), had the
‘effect of largely extending the area of the then existing
knowledge of chemical facts.

In the first half of the sixteenth century, almost contem-
poraneously with the Reformation, i.e. with the birth of a
new epoch in the world’s history, chemistry began to develop
in a new direction, without, however, losing all at once its
alchemistic tendencies. Chemistry, which had alrea.dy
proved itself a valuable helpmeet to medicine in the
preparation of active remedies, came to be looked upon as
the basis of the whole medical art. Health and illness were
reduced to chemical processes in the human body ; only by
means of chemical preparations could an unhealthy body be

. restored to its normal condition; in short, the absorption of
medicine in chemistry, the fusion of both together, was the
- cry which emanated from Paracelsus. Van Helmont, de le
Boe Sylvius, Tachenius and others were the chief exponents
of this doctrine, which characterises the period of Medical
or Iatro-Chemistry. The fact that technical chemistry was
advanced at the same time, through the labours of indi-
viduals such as Georgius Agricola, was without influence on
the prevailing tendency of the science of that age.

From the middle of the seventeenth century onwards, the
iatro-chemical current gradually underwent substitution by -
another. After that date chemistry strove hard to become a
self-supporting branch of natural science, quite independent
of every other. Indeed, the history of chemistry proper
begins with Robert Boyle, who taught, as its main object,

! This term with the Arabic prefix *“al” became naturalised at a very
early date.
B2
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the acquisition of a knowledge of the composition of
" bodies. ' ‘

The conception of this aim marks the date from which
chemistry may be regarded as a science striving towards
an ideal goal along the paths of exact research, without
regard to practical results, and solely with the object of
arriving at the truth.

By far the most important problem, whose solution
occupied all the chemists of note at that day, was the
question of the chemical reasons underlying the phenomena

" of combustion. Since Stahl’s attempt to explain the latter,
‘the hypothetical fire stuff Phlogiston—which was supposed
to escape during every combustion—was regarded as the
universal principle of combustibility. This doctrine held
'sway over chemists at the end of the seventeenth and
during the greater part of the eighteenth centuries to such
an extent that we are justified in characterising this period
(after the death of Iatro-chemistry) as the period of the
Phlogiston Theory. '

The fall of the latter, and its replacement by the anti-
phlogistic system of Lavoisier, bring us to the commencement
of the chemical era in which we are still living. For, upon
the foundation laid by Lavoisier and his co-workers, and
firmly fixed by Dalton, Berzelius and others, the structure of
the new chemistry rises. The founding and developing of
the chemical atomic theory, and its extension to all parts of
chemical science, characterise this latest epoch, to which the
period of Lavoisier’s reform of chemistry was a necessary
stepping-stone ; 1t is, therefore, to be designated as the
period of the Chemical Atomic Theory. An insight into
the conditions which it involved being only possible by
careful quantitative researches, the balance has been, since
the time of Lavoisier, the most valuable instrument of the
chemist. H. Kopp is, therefore, fully justified in naming
the epoch which begins with the French savant the period of
quantitative research. Of late years the first aim of chem-
istry, 4., the exact determination of the composition of
substances, has been accompanied by the investigation of
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the relations which exist between their physical properties
and chemical composition. Physical chemistry, with the
accompanying doctrine of affinity, has made immense
strides, and has greatly broadened its foundations during
the last two decades. But the light of the atomic theory
permeates the whole, so that, in spite of many attempts to
dispense with it, one is still forced to regard the latter as
the guiding star of modern chemistry.



-«

CHAPTER I

FROM THE EARLIEST TIMES TO THE BIRTH OF
ALCHEMY

THE characteristics of this period, which have been already
referred to, justify one in designating it the period of crude
empiricism with regard to chemical facts. In sharp contrast
with the disinelination of the Ancients towards experiment,
through which alone the secrets of nature are to be un-
ravelled, stood their great love of speculation, by means of
which they did not hesitate to attempt an explanation of the
ultimate reasons of all things. Aristotle, to whom the natural
sciences owed the direction which they followed for a very
long time, pointed to deduction as the road which should
lead to the goal. Instead of drawing general conclusions
from accurately observed facts, the Ancients preferred to
advance from the general to the particular. The position of
all the natural sciences in far-back times, especially that of
chemistry, is sufficient to prove how the most mischievous
errors crept in and became firmly established in consequence
of following the purely deductive method.

The philosophical writings of the Ancients, especially
those of the Greeks and Romans, give us a tolerably dis-
tinct idea of their theoretical views. Certain writings of
Aristotle, e.g. 7repi odpavoi and mepl yevéoews ral $lwpds,
and, also the “mepl NiSwr” of his pupil Theophrastus, are of
. especial value for the criticism of the empirical chemical

" knowledge of these times. The works of Dioscorides on
Materia Medica and particular chapters of the Historin
Naturalis of the elder Pliny give us an exceptionally clear
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insight into the knowledge of the Ancients. Dioscorides, who
was born about the middle of the first century at Anazarbos,
‘enlarged his acquirements, already great, by experiences
collected on long journeys. His fame as a physician holds
good among the Turkish doctors to this day. The work of
Pliny above-mentioned contains exceedingly valuable records
of the state of scientific knowledge in his time ; it also shows,
however, that the author was by no means master of the
immense amount of material which he had collected  from
tradition, but which he had not really assimilated.

Theoretical Views wupon the Composition of Substances, and
especially wpon the Elements.?

The question of the ultimate constituents of bodies, <.c., of
the elements which go to build up the world, occupied the
minds of the oldest nations. To give an exhaustive description
‘of their speculations on the point does not come within the
scope of this work ; what is wanted is rather to call special
attention to those views which have exercised a permanent
influence npon the chemical ideas of later times.

This applies in a particular degree to the doctrine of the
elements, which originated with Empedocles, although it
usually bears Aristotle’s name; also, but to a much lesser
extent, to the ideas of the older Greek philosophers regarding
the original material of which the world, according to them,
was built up. Views like that of Thales (in the sixth cen-
tury B.C)), that water is the ground material, or those of
Anaximenes and Heraclitus (in the same century), who

! Pliny the younger characterised the work of his uncle as *‘opus
diffusum, eruditum, nee minus varium, quam ipse natura,” and similar
admiration of it was expressed by other authors of the day. Our thanks
ave due to E. O. von Lippmann, who has recently published a memoir
entitled Die chemischen Kenntnisse des Plinius (““ Pliny’s Knowledge of

Chemistry ), in which the whole subject is treated in lucid style (wiile

Mittheilungen aus dem Osterlande, vol. v. p. 370).
2 Cf. Kopp, Geschichie der Chemie, vol. i. p. 29; vol, il. p. 267 ; also
Hisfer, Histoire dela Chimie, vol. i, p. 72

1

~
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ascribed to air and fire respectively the same rdle, have hs
no influence upon the development of - chemical knowledge.

Democritus (in the fifth century B.c.) also took a groun
material as the basis of his speculations, but subdivided th
further in that he imagined it to be made up of the smalles
possible particles, of atoms, which differed from one anothe
in form and size, but not in the nature of their substanc
All the changes in the world consisted, according to him, i
the separation and recombination of these atoms, which wer
supposed to be in a state of continual motion. This doc
trine, which at first sight appears to accord with our presen
chemical atomic theory, but which in reality has nothing i
common with the latter, was further developed by Epicuru
as may be well seen in the didactic poem of Lucretius, D
Rerum Natura.

The four so-called “elements”—air, water, earth, an
fire—were regarded by that intellectually great philosophe:
Empedocles of Agrigent (about 440 B.c.) as the basis of the
world ; but neither he himself nor Aristotle, who adopted thes
into his system of natural philosophy, looked upon them as
different kinds of matter, but as different Pproperties carriec
about by one original matter! Their chief qualities (the
prime qualitates of the later scholastics) he held to be those
apparent to the touch, viz, warm, cold, dry, and moist. Each
of the four so-called clements is characterised by the pos-
session of two of these properties, air being warm and moist;
water moist and cold, earth cold and dry, and fire dry and
warm, The differences in the material world were, therefore,
. to be ascribed to the properties inherent in matter. From
the assumption that these latter can alter, there necessarily
follows the immediate conviction that substances can be
transformed, one into the other. It is easy to see how, when
based upon speculations of this nature, the belief in the
transformation of water into air should establish itself, for
both have the property of moistness in common, while cold,
the individual property of water, can be converted by the

! Of. the ingenious exposition by Th. G‘o'mperz in his work

; ¢ Griechische
Denler,” p. 183 (Leipzig, Veit and Co.).
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addition of heat into the second chief property of air. And *
it is not surprising that considerations of this kind on the
states of aggregation of matter should lead to the idea of
transforming one kind of matter into another. It was doubt-
less by the generalisation of such views that the belief in the
possibility of the transmutation of metals, which formed the
chief feature of the alchemistic period, grew to the extent
that it did.

Aristotle considered that his four elements were insufficient
in themselves to explain the phenomena. of nature ; he there-
fore assumed a fifth one, termed ode/a, which he imagined
to possess an ethereal or immaterial nature and to permeate
the whole world. As the “gquinta cssentia” this played a
great part among the followers of the Aristotelian doctrine
in the Middle Ages, and gave rise to endless confusion, from
the endeavours of many (who, unlike Aristotle, supposed it to
be material) to isolate it.

There seems to be a high degree of probability in the
assumption that Empedocles and Aristotle did not themselves
deduce their theory of the elements, but derived it from
other sources ; thus the oldest writings of India teach that
the world consmts of the four elements mentioned above}
together with ether,® which last is most likely related to
Aristotle’s oda/a.

It is unnecessary to point out how widely the above views
of the Greek philosophers with regard to the elements de-
viate from the conceptions of modérn chemistry. :

With respect also to the meaning of the term “chemical
combination,” one meets, even if only occasionally, with
opinions diametrically opposed to those obtaining at the
present day ; the formation of a substance by the interaction
of others was looked upon as the creation of a new matter,
and the destruction of the original substances from which it
was produced was assumed. Everywhere men were contented

! Instead of air, the element wind is given.

2 Bo teaches Buddha. (as Dr. Pfungst has been good enough to inform
me) ; see the A nguttara Nildja, vol.i. fol. ce. Here consciousness is named
a8 the sixth element.



10 FROM EARLIEST TIMES T0 THE BIRTH OF ALCHEMY «r

with theoretical explanations, without attempting to prov
their correctness by actnal experiment. This want show
itself very markedly in the manner in which the Ancient
regarded the numerous chemical facts which they had learne
by empirical methods, and probably for the most part b;
accident.

The Empirical Chemical Knowledge of the Ancients

The Egyptians stand out prominently from among the
earlier civilised nations as having applied their knowledge o
chemical processes, acquired by chance observations, to usefu
purposes ; the needs of everyday life and the desire to mak:
that life a comfortable one were the incentives.

Their country formed a kind of focus in which was con
centrated the chemical knowiedge of the time, if one may st
designate an acquaintance with technical processes. The
Egyptians already possessed at a very carly date a larg
experience in the production of metals and alloys, in dyeing
in the manufacture of glass, and also in the making anc
application of pharmaceutical and antiseptic preparations
The chemical art proper, revered as © holy ” (dyla Téyvm), wa:
jealously guarded by the priesthood as o treasure at onec
precious and profitable. Only the elect might penctrate it:
mysteries. That laboratories, in which chemical operation:
of various kinds were carried out, actually formed adjunct:
to the temples, is clearly proven by the inscriptions found ir
such chambers, ¢.g. at Dendera and Edfu.

There can scarcely be a doubt that the Pheenicians and
Jews obtained their knowledge of the manufacture of import-
ant technical products from the Egyptians. In like manner
and to an even greater extent, there was a wealth of chemical
experiouce laid open to the Greeks, and afterwards to the
Romans, by reason of their close relations with the ancient
country Chémi (see p. 2, note 1). The writings of such

1 Cf. Kopp, Qesch. d. Chemie, vols. iii, and iv. 3 Hife, Ifist,, vol. i. .
106 ez seq.
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- eminent Greek philosophers as Solon, Pythagorus, Demo-

critus and Plato, who succeeded in gaining the confidence of
the Egyptian priesthood, contributed in no small degree to
tho spread of such practical knowledge.

But all the knowledge so gained was purely empirical ; long
ages were to pass before the various items of which it was
composed were brought together under a general scientific
standpomt. In this section of the book merely those por-
tions of applied chemistry which were known to the Ancients
will be discussed. That a people, so gifted as the Greeks,
should have failed to understand how to group together
the numerous observations in those subjects which lay ready
to their hand, and to draw conclusions from them, can only
be explained by the whole tendency of their thought, and
particularly by their overvaluing the deductive and under-
valuing the inductive method. Aristotle’s opinion that
“ industrial work tends to lower the standard of thought”
was certainly of influence here. In accordance with this
ictum the educated Greeks held aloof from the observation
and practice of technical chemical processes; a theoretical
cxplanation of the reactions involved in these lay outside
their circle of interests. To this want of sympathy is cer-
tainly to be ascribed the fact that the discovery of even the
most important chemical processes is but very seldom to be
connected with the names of distinet historical persons ;
while, on the other hand, the old historians give detailed
records of those men who advanced untenable opinions on the
constitution of the world.

Before giving an account of the state of practical chemical
knowledge in early times, it may be remarked, in passing,
that much uncertainty often prevailed in consequence of
different products being called by one and the same name.
Substances were not distinguished according to their chemi-
cal behaviour, the investigation of which possessed no interest
for the Ancients, but were classified according to their out-
ward appearance and source, a confounding of similar or
;dentification of dissimilar substances thus frequently result-
ing. Two samples of one and the same compound—soda, for
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instance—were looked upon as different, if the exterl’{al
appearance seemed to indicate a dissimilarity. Much dl.S-
crimination has been found to be, and still is, necessary in
order to clear up the indistinct points in the records of the
old historians.

Metallurgy of the Old Nations!

We find in the earliest records of the civilised nations (the

Egyptians, Jews, Indians, etc.) an acquaintance with the
working of different metals. By the younger of those nations
mythical personages were held to have taught this art, eg.
Prometheus, Cadmus, etc., by the Greeks. If the translations
of the Hebrew words in the Old Testament signifying
“metals” are correct, then the Jews were acquainted with
six, wiz. gold, silver, copper, iron, lead and tin; this may be
considered certain as regards the first four, which either
occur native or are readily reduced from their ores. They
are recorded in the Old Testament in the order just given.
The name “metals” is derived, according to Pliny, from
the fact of their mever occurring separately but in veins
together, uer’ d&A\Aa® Even at that early period, lustre,
ductility and hardness were held to be characteristics of a
metal. With regard to the origin of metalsand ores in the
interior of the earth, the Ancients had formed the most
extravagant conceptions; they believed, on the ground of

Aristotle’s weighty testimony, that they were produced by

the penetration of air into the vitals of the earth, and con-
sequently assumed that the amount of metal or ore increased
as the mine proceeded inwards. This view long continued
to be held. o

! The following works have been used for reference :—R. Andree, Die
Metalle bei den Nasurvélhern (Veit and Co., Leipzig, 1884) ; Beok, Geschichte
des Kisens (Vieweg, Braunschweig, 1884; 2nd ed. 1891); A. Rissing,
Geschichte der Metalle (Berlin, 1901) ; O. Schrader, Sprachzergleichung und
Urgeachichte (Jena, 1883) ; and also various treatises by K. B. Hofmann,
to whom the author is greatly indebted for much information on the
subject.

? Herodotus gives uéraAiov as signifying a mine,
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The Greeks, and especially the Romans, were intimately
acquainted with many metallurgical processes; Dioscorides,
Pliny, and later historians give fairly exact data for the ob-
taining and smelting of ores, but not the slightest attempt
is made to explain the 'chemica.l processes which this
involves.

The noble metals gold ! and sﬂver, whose stability in the
fire had not escaped the Ancients, were those earliest known
(in preh1stor10 times), and were highly valued; the fact of
their occurring native, and the ease with Whlch they can be
worked, afford a sufficient explanation of this.®>. The exceed-
ing malleabﬂlty of gold excited the astonishment of the
older nations in a high degree, and rendered possible the
gilding of objects by covering them with thin plates of the
metal. The later discovery of affixing a layer of gold by
means of the amalgamation process was known con51derably

before the time of Pliny.

' In the second century B.c. we meét with the first records 3
of a cupellation process, by which gold was freed from
admixtures (this process, however, had already been in actual
use for centuries); in fact, an operation similar to the so-
called lead process was then carried out, gold dust being
melted with lead and salt for a number of days. The puri-
fication of gold by means of mercury was also well known in
Pliny’s time.

1 Of. the careful study by H. Weissbuch :—Das Gold sm alten Aegypten
(Dresden, 19801),

2 The gold mines of Nubia (the Egyptian name nub, i.e. gold, is perhaps
connected with the designation of that conntry) were worked very ex.
tensively by the Egyptians. According to the records of Agatharchides
and of Diodorus Siculus, in which pity is expressed for the slaves employed
in the work, the finely ground gold ore was washed out and the heavy
residue melted. In the time of Rameses IL. the mines yielded gold to the
value of £125,000,000 sterling per anmum. The gold-producing land of
Ophir, from which the Pheenicians obtained the precious metal, is supposed
to have been in India, Midian (Arabia), or on the east coast of Africa. The
same energetio trading nation opened up for the Greeks the first gold mines
on the island of Thasos.

3 This record, which originated with Agathmcmrles. is to be found in
Diodorus.
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Silver, which the enterprising Phcenicians are suppose:d .
to have supplied to the other civilised nations from AI:menm
and Spain, where rich silver ores occur, was, a.ccordmg to
the record of Strabo, 4.e. at the beginning of our era, purified
in a precisely similar manner to gold, viz. by fusion with
lead. The separation of silver from gold does not appear
to have been known before our era, at any rate an extant
record ! states that Archimedes was not possessed of the
means to accomplish this. From indications which Pliny
gives, however, it appears that in his time a kind of cemen-
tation process was practised, which probably consisted in the
treatment of silver containing gold with salt and alum shale.
Moreover, an amalgam of gold and silver was regarded in
ancient times as a particular individual metal, being termed
asin® by the Egyptians, and #\exrpos by the Greeks (amber
being distinguished as 76 #f\exrpoy). From this also it may
be concluded that at that time no method was known of
separating the metals.

The data concerning copper (termed yahxds, aes?), which
has been known from time immemorial (being first found in
the neolithic stone age), frequently refer to its alloys with
other metals, especially to bronze; the latter, as is well
known, was very early used for making weapons, ornaments,
and utensils. Copper, which was universally employed in
prehistoric times, was found native in many places (¢.g. in
Egypt), or was readily smelted from malachite or gimilar
copper ores. All the civilised nations, which have been
named, were acquainted with bronze before they had learnt
to prepare its other constituent, metallic tin, no mention of
which is made in old Egyptian records. With regard to the
smelting processes by which the “aes” of the Ancients was
obtairted, nothing certain is known.

1 Archimedes attempted to determine whether the erown of King Hiero
contained silver, and, if so, how much ; 'this problem he tried to solve by
taking the specific gravity, not by chemical means,

2 The Greek word &onuov (asem) is derived from this,

? The Roman aes has the same stem as the Sanscrit word ayas, signify-

ing ore ; the later designation cuprum for copper is an abbreviation of aes
cyprium (so called becauss of its oceurrence in Cyprus). )
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Iron, the extraction and working of which was not dis-
covered till after that of copper and bronze, but which,

‘nevertheless, goes back to very ancient times also,' was pre-

pared in smelting furnaces ; the old authors do not, however,
give any particulars as to the actual process® The ores.

‘used are supposed to have been brown iron ore and magne-
-tite; that meteoric iron was first employed is an improbable

and unproven assumption. The tempering of iron was carly
learnt in Ancient Egypt; even in the time of Pliny the un-
desirable property of impure iron, which we now term brittle-
ness, was known, and its capability of assuming the peculiarity
of the magnet stone when brought into contact with the
latter was also observed. :

Lead 8 was likewise known from very early times, having
been prepared and turned to good account by the Greeks
and Romans, more especially. Little, however, is known with
regard to the smelting processes for it, Pliny’s records on the
subject being indistinct; but the smelting was probably
carried out on a refining hearth. On the other hand, we have
many details as to the use of lead for making water pipes,
writing tablets, coins, ete. Soldering with lead or with an
alloy of lead and tin was also well known. Since cooking
utensils were often made of lead, symptoms of lead poisoning
occurred frequently; but notwithstanding this, the metal
was used as a medicine.

Recent discoveries in Egyptian tombs have brought to
light the fact that tin also was prepared fairly pure in olden
times, and that it found numerous applications. Among the
Romans lead and tin were distinguished from one another as

1 According to Lepsius, iron has been in use in Egypt for more than
5000 years, having served primarily for the manufacture of hard instru-
ments, while utensils of all kinds were made from bronze.

2 Old Roman smelting furnaces with their appurtenances have recently
been excavated near Eisenberg in the Pfalz. The form of apparatus used
by the Egyptians for the smelting of iron can be arrived at approximately
from inscriptions, ete.; it is worthy of note that bellows of the same
shape as those of Ancient Egypt are in use in the interior of Africa at the

present day.
$ Of, K. B. Hofmann’s Das Blei bei den Volkern des Alterthums (Berlin,

1885). :
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plumbum wigrum and plumbum candidum.? The. alloy of
the two together, i.. solder, played, as already mentioned, an
important part in technical work. Still older, and _of even
greater significance, was the use of bronzeﬁ. which one
meets with among the most ancient civilised nations.

Zine,? as an individual metal, was certainly not known to
the Ancients, but its alloys with copper (ya\«ds, dpeiyatios)
found the widest application. .

Brass, the first description of which is given by Aristotle
as the “metal of the Mosynoeci” (from which the German
word Messing, signifying brass, is undoubtedly derived), was
for long regarded as copper which had been coloured yel.low
by fusing it with an earth (cadmda);* it was only recognised
as an alloy at a much later date. The change in colour
produced in copper by certain additions to it played—in the
transmutation of metals—an important part in the alchemistic
age.
.The first records as to mercury are to be found in
Theophrastus (about 300 B.c.), who gives its preparation

1 The word starnum, which now denotes tin, appears in Pliny’s time
to have signified an alloy of tin and lead. Whether the xacolrepos of the -
Itiad stood for tin is likewise highly problematical, It is equally un-
certain from whence the Phaenicians obtained this metal (or an alloy of
it) ; whether from India, with which they had commercial relations, or
from Britain and Iberia. The similarity between the Sanserit word kestira
and the Greek word ravoirepos has been vsed as an argument in favour of
the former assumption (cf. A. v. Humboldt, Kosmos, ii. § 409).

2 K. B. Hofmann oconsiders that the name bronze, with regard to the
origin of which there has been much dispute, is probably derived from the
word Bpovrfoiov, meaning an alloy, a word possibly borrowed from the
Persian, The view, held even so early as in Pliny’s time, that ‘“ bronze *
waas derived from (aes) Brundusinum, has been proved untenable.

3 Cf. K, B. Hofmann's paper ini the Zeitschrift filr Berg- und Hitten-
wesen, vol. x1i. Nos. 46—51. P. Diergart has discussed with much ingenuity
and in great detail the question whether Strabo’s ¢‘Imitation silver”
{(Scheinsilber ; yevbdpyvpos) was really zine, as many have maintained it
to be. He comes to the conclusion that it was not (Cf. Journ. pr. Chem.,
vols. 1xvi. p. 339 ; Ixvil. p. 326 ; Ztschr, Angew. Chem. for 1902, p. 511).

¢ Even so early as 300 B.c., ‘ cadmia * was famous as & medicine, The
word likewise means ‘“tutty ” (oxide of zine), or also rich zinc ore. Accord-
ing to K. B. Hofmann, it is not improbable that gadmei (cadmia, calamine)
is derived from cadmia ;-i.e. those three terms appear to be synonymous. ‘


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































