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PREFACE TO THE GERMAN EDITION

NEeARLY five decades have passed by since Hermann Kopp's
classical Geschichte der Chemie® began to appear, and it is
now fifteen years since this was followed by the same
indefatigable author’s Entwickelung der Chemie vn der
neweren Zeit.*

The publication of these comprehensive works, in con-
junction with which Hofer'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 suppose
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 respect 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

! ** History of Chemistry.”
* “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 upon 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. DBut the author has at all
events endeavoured to give a fair synopsis of the most
important theories and facts which constitute the founda-
tion 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 authoris
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
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temperament which is essential to the true historian.  But,
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 through-
out an ohjective 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 development 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.

LEetrzic, Tth October 1888.






TRANSLATOR'S PREFACE

Tue 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 Aisfory 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 is

hoped that this has been achieved.
A considerable number of small alterations and addi-

tions have been made for this edition, most 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
insufficient, and also to those others who have assisted him
in the matter of references, ete.

UsiversiTy CoLLEGE oF N. WALES, BANGOR,
March 1891.

AUTHOR'S NOTE TO THE ENGLISH EDITION

It was a great satisfaction to me that the translation of this
history was undertaken by my former pupil, Dr. M‘Gowan,
and T 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.

Lerzic, February 1891,
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INTRODUCTION

CHEMISTRY has of late years been defined as the study of
the composition of substances. 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 com-
pounds from the latter. Hand in hand with this there goes
the further task of determining the laws which regulate the
chemical combination of matter.

The problems just indicated ocecupy, in the widest
sense of the word, the attention of chemists to-day. The
problems of chemistry in former times were, however,
different, and it is precisely these differences in aim which
characterise the various epochs into which the history of the
science may, therefore, be divided.

The oldest nations with regard to which we possess
reliable information—the Egyptians, Pheenicians, Jews, and
others—did indeed possess a certain disjointed knowledge of
chemical processes acquired accidentally; but these were
applied for their practical results alone, and not with the
object of deducing any comprehensive scientific explanation
from them. We meet with similar conditions among the
earliest cultured European nations, the Greeks and Romans,
who owed most of their knowledge of chemical facts to the
peoples just named. Nowhere do we find in antiquity the
endeavour to gain an insight into chemical processes by
means of definitely planned experiments. Although the
Ancients were wholly without such data, furnished by exact

B
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INTROD. INTRODUCTION )

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
the base, but also the life of man to be prolonged), had the
effect, of larcely extending the area of the then existing
knowledge of chemical facts.

In the first half of the sixteenth eentury, almost contem-
poraneously with the Reformation, 7.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 already
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
watchword which emanated from Paracelsus. Van Helmont,
de le Bie Sylvius, Tachenius, and others were the chief
exponents of this doctrine, which characterises the period of
Medical or Tatro-Chemistry. The fact that technical chem-
istry was advanced at the same time, through the labours of
individuals such as Georgius Agricola, was without influence
on the prevailing tendency of the science of that age.

From the middle of the seventeenth century on, the
iatro-chemical current gradually underwent substitution by
another. After that date chemistry strove hard to become a
self-supporting branch of natural secience, quite independent
of all others. Indeed, the history of chemistry proper
begins with Robert Boyle, who taught, as its main object,
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
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regard to practical results, and solely with the object of
arriving at the truth.

The most important problem, whose solution occupied all
the eminent chemists of that day, was the question of the
chemical reasons of 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-phlo-
gistic system of Lavoisier, bring us to the commencement of the
chemical era in which we are still living. For, upon the founda-
tion 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 ; it 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 quantita-
tive 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 quantita-
tive research. Of late years the first aim of chemistry, v.c.
the determination of the composition of substances, has been
accompanied by the investigation of the relations which exist
between their properties and composition. But the light of
the atomic theory permeates the whole, so that one is forced
to regard it as the guiding star of modern chemistry.

To the characteristics of the more impartant periods in
the history of chemistry may be added here a few general
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remarks upon the manner in which it was studied, and on
the dissemination of chemical knowledge in the various
ages.

In early times actual chemical operations were carried
out only by a few of the initiated, whose art was therefore
known by the name of “holy” (dyia véyrn). In Egypt
particularly, the home of chemical knowledge, the latter was
jealously guarded by the priesthood, although eminent Greek
philosophers, such as Soclon, Pythagoras, Herodotus, Demo-
critus, and Plato, succeeded in gaining their confidence and
thus penetrating the mysteries. One frequently reads of
laboratories attached to the temples, in which chemical oper-
ations were conducted ; and rooms have actually been dis-
covered, for instance, in Edfu, Dendera, the inscriptions in
which show them to have been used for the above purposes.

In the alchemistic ages it was likewise the rule to keep
secret those processes by which the transmutation of metals
was to be effected. Notwithstanding this, however, numer-
ous operations became known, especially those which bore
on applied chemistry, and which were carried out practically
in drug- and work-shops, ete. The oldest of such processes
were the metallurgic ones followed in smelting works, and
which had already in Pliny’s time attained to a high degree
of excellence. Geber (in the eighth century) used well-con-
structed apparatus for filtering, subliming, and distilling, and
he was also acquainted with water and ash baths,

A systematie, if but slight, instruction in chemistry was
first made possible in the seventeenth century by the founding
of public laboratories and the establishment of chemical pro-
fessorships. Even in the century preceding we meet with
text-books of chemistry, such as those of Agricola (De Re
Metallica) and of Libavius (Alehemio and Chemia), in which
the most important of the operations then accurately known
are described. With the development of chemistry into an
independent science, the means of studying it increased, so
that in the eighteenth century theoretical chemistry was one of
the subjects taught in every university ; notwithstanding this,
however, it made but little progress compared with some of
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the other branches of natural science. A special section of
this book will be devoted to the great development of
chemical teaching in our own century, while the following
chapters will give a sufficiently detailed idea of the position

of chemistry in the various ages.



CHAPTER I

FROM THE EARLIEST TIMES TO THE BIRTH OF
ALCHEMY

Trg characteristics of the period which have just been
mentioned justify one in designating it the period of erude
empiricism with regard to chemical facts. In sharp contrast
with the disinelination of the Ancients towards experiment,
by which the secrets of nature are to be unravelled, stands
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 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 the purely deductive method.

The philosophical writings of the Ancients, especially
those of the Greeks and Romans, give us a tolerably distinet
idea of their theoretical views. Certain writings of Aristotle,
and also the “srepl MBwp” of his pupil Theophrastus, are of
especial value for the criticism of the empirical chemical
knowledge of these times.

The works of Dioscorides on Maferia Medica and
particular chapters of the Historia Naturalis of the elder
Pliny give us an exceptionally clear glance into the know-
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ledge of the Ancients. Dioscorides, who was born about
the middle of the first century in Anazarbae, enlarged his
acquirements, already eminent, 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 upon the Composition of Substamnces, and
especially wpon the Elements?

The question of the ultimate constituents of bodies, ..
of the elements which go to build up the world, oceupied the
minds of the oldest nations. To give an exhaustive deserip-
tion 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 per-
manent influence upon the chemical ideas of later times.

This applies in a particular degree to the doetrine of the
elements, which originated with Empedocles, although it
usually bears Aristotle’s name ; also, but to a 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 century
B.C.), that water is the ground material, or those of Anaxi-
menes and Heraclitus (in the same century), who ascribed
to air and fire respectively the same #éle, have had no in-
fluence upon the development of chemical knowledge.

Democritus (in the fifth century B.c.) also took a ground
material as the basis of his speculations, but subdivided this
further in that he imagined it to be made up of the smallest

1 Pliny the younger characterised the work of his uncle as ** opuis diffusum,
eruditum, nec minus varium, guam ipsa nafura,” and similar admiration of it

was expressed by other authors of the day.
2 Of. Kopp, Geschichte der Chemie, vol. i. p. 29; vol. ii, p. 267 ; also
Hifer, Histoire de lo Chimis, vol. 1. p. 72.
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possible particles, of atoms, which differed from one another
in form and size, but not in the nature of their substance.
All the changes in the world consisted, according to him, in
the separation and recombination of these atoms, which were
supposed to be in a state of continual motion. ‘This doc-
trine, which at first sight appears to accord with our present
chemical atomic theory, but which in reality has nothing in
common with the latter, was further developed by Epicurus,
as may be well seen in the didactic poem of Luecretius,
De Rerum Natura.

The four so-called “elements”—air, water, earth, and fire
—_were first regarded by Empedocles of Agrigent (about 440
B.c.) as the basis of the world; Axistotle himself did not
look upon them as different kinds of matter, but as different
properties carried about by one original matter. Their chief
qualities (the prime qualitates of the later scholasties)
he held to be those apparent to the touch, viz. warm, cold,
dry, and moist. Each of the four so-called elements is
characterised by the possession 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 aseribed 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 moist-
ness in common, while cold, the individual property of
water, can be converted by the 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 conception of transforming one
kind of matter into another. It was by the generalisation
of such ideas that the belief in the possibility of the trans-
mutation of metals, which formed the chief feature of the
alchemistic period, grew to such dimensions.

Aristotle considered that his four elements were insuffi-
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processes, acquired by chance observations ; the needs of
everyday life and the desire to make that life a comfortable
one were the teachers.

Their country formed a kind of focus in which was
concentrated the chemical knowledge of the time, if one may
so designate an acquaintance with technical processes. The
Egyptians already possessed at a very early date a large
experience in the production of metals and alloys, in dyeing,
in the manufacture of glass, and also in the making and
application of pharmaceutical and antiseptic preparations.
There can scarcely be a doubt that the Pheenicians and
Jews obtained their knowledge of the manufacture of
important technical products from the Egyptians. In like
manner, and to an even greater extent, was there a treasury
of chemical experiences opened out to the Greeks, and lafer
on to the Romans, by reason of their close relations with the
ancient country Chémi (see p. 2, note 1).

But all the knowledge so gained was and remained
empirical ; only a very long fime afterwards were its ifems
brought together under a general scientific standpoint. In
this section of the book only those portions of applied
chemistry which were known to the Ancients will be
treated of. That a people, so gifted as the Greeks were,
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 undervaluing 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 dictum the educated Greeks
held aloof from the observation and practice of technical
chemical processes; a theoretical explanation of the reactions
involved in these lay outside their circle of interests. To
this want of sympathy is certainly to be aseribed the fact
that the discovery of even the most important chemiecal pro-
cesses is but very seldom to be connected with the names of
distinet historical persons; while, on the other hand, the old
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historians give detailed records of those men who advanced
untenable opinions on the constitution of the world.

An account of the state of practical chemical knowledge
in early times will show that much uncertainty often pre-
vailed in consequence of different produects being called by
one and the same name. Substances were not distinguished
according to their chemical behaviour, the investigation of
which possessed no interest for the Ancients, but were
classified according to their outward appearance and source,
a confounding of similar or identification of dissimilar sub-
stances thus frequently resulting. Two samples of one and
the same compound—soda, for instance—were looked upon
as different, if the external appearance seemed to indicate
a dissimilarity. Much disecrimination has been found to
be, and still is, requisite in order to clear up the indistinect
points in the records of the old historians.

Metallurgy of the Older Nations?

We find in the earliest records of the civilised nations
(the Egyptians, Jews, Indians, ete.) an acquaintance with
the working of different metals. Mjythical persons are held
by the younger civilised peoples to have taught this art, eg.
Prometheus, Cadmus, ete., by the Greeks. If the transla-
tions of the Hebrew words in the Old Testament signifying
“metals” are correct, then the Jews were acquainted with
six, viz. 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 on the oldest monument in the order just given.

The name “metals” is derived, according to Pliny,
from the fact of their never occurring separately but in
veins together, wer’ dAia.® Already at that period glance,
ductility, and hardness were held to be characteristics of a

1 The following works have been used for reference:—R. Andree, Die
Metalle bei den Naturvelkern (Veit und Compagnie, Leipzig, 1884) ; Beck,
(Feschichte des Fisens (Vieweg, Braunschweig, 1884) ; O. Schrader, Sprachver-

gleichung und Urgeschichie (Jena, 1883).
? Herodotus gives péradlor as signifying a mine.
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metal. With regard to the origin of metals and 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 in-
creased as the mine proceeded inwards.

The Greeks, and especially the Romans, were intimately
aequainted 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 1s
made to explain the chemical processes which these involve.

The noble metals gold and silver, whose stability in the
fire had not escaped the Ancients, were those earliest known
(in prehistoric times), and were highly valued; the fact of
their occurring native, and the ease with which they can be
worked, afford a sufficient explanation of this! The ex-
ceeding malleability of gold excited in a high degree the
astonishment of the older nations, 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 already known
considerably before the time of Pliny.

In the second century B.c. we meet with the first
records ® of a cupellation process, by which gold was freed
from admixtures; 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

1 The gold mines of Nubia (the Egyptian name nub, i.e. gold, is perhaps
connected with the designation of that country) were worked very extensively
by the Egyptians. According to the record of Diodorus Siculus, in which he
expresses pity 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 annum.
The gold-producing land of Ophir, from which the Phenicians obtained the
precious metal, is supposed to have been in India, Midian (Arabia), or on the
east coast of Africa. The same energetic trading nation opened up for the
Greeks the first gold mines on the island of Thasos.

* This record, which ocriginated with Agarthides, is to be found in
Diodorus.
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Iron, the obtaining and working of which was not dis-
covered till after that of copper and bronze, but which,
nevertheless, goes back to very ancient times,' was prepared
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 magnetite; that
meteoric iron was first employed is an improbable and un-
proven assumption. The tempering of iron was early learnt
in Ancient Egypt; already in the time of Pliny the un-
desirable property of impure iron, which we now term
brittleness, was known, and its capability of assuming the
peculiarity of the magnet stone when brought into contact
with the latter, was also observed.

TLead and tin were likewise known to the Ancients; it
is, however, doubtful whether the latter was ever prepared
pure before our era. Nothing certain is known as to how
either of them was obtained, both being for long regarded
as varieties of one metal, and therefore distinguished as
plumbum nigrum and plumbum candidum. Lead was ex-
tensively used by the Romans in the first century A.p., for
example, in the making of water-pipes; the soldering of
these with tin, and conversely that of tin with lead, and
also the production of tinned vessels, were already known
at that date.

What has been said with regard to the application of

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

® 0ld 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 the ancient Egyptian bellows are
in use in the interior of Africa at the present day.

3 The word stannwm, which now denotes tin, appears in Pliny's time to
have signified an alloy of tin and lead. Whether the xacalrepos of the Hiad
stood for tin is likewise highly problematical. It is equally uncertain from
whenee the Phoenicians 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 Sanscrit word kastire and the Greek word
kageirepos has been used as an argument in favour of the former assumption
(cf. Al. v. Humboldt, Kosmos, ii. § 409).
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tin applies also to that of zinc. Both of them, after alloying
with copper, were used at the earliest periods for the manu-
facture of the most various utensils, while the records of the
metal obtained from the earth termed cadmie, which in all
probability was zine, are both few and unreliable.

Brass, the first deseription 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 yellow
by fusing it with an earth (cadmia); it was only recognised
as an alloy at a much later date. The change in colour
produced in copper by cerfain additions to it played an im-
portant 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 from
cinnabar by means of copper and vinegar, and terms it
«liquid silver.” Dioscorides describes the production of
mercury, which he at first termed $8papyvpos, from cinnabar
and iron, i.e. by a process of simple elective affinity, without,
however, making the slightest attempt to explain the process.
For the carrying out of this operation, an exceedingly im-
perfect distilling apparatus was used. It did not escape the
Ancients that other metals, gold in especial, were altered by
mercury (cf p. 13); indeed Vitruvius gives a minute process
for the recovery of gold in worn-out sewn draperies by
means of if.

An account will be given later on of several metallic

compounds known in ancient times.

The Manufacture of Glass—The art of making
vessels from glass originated in China and Egypt, and had for
a long time its chief habitat in Thebes ; from there it spread
to the Pheenicians and other Eastern nations, the Greeks
first acquiring it in the fifth century B.C. Pliny is the first
to give a distinet account of the preparation of glass by
fusing sand and soda together.’

1 The discovery of glass in Egypt was undoubtedly accidental, soda having
been added as a flux to sand containing gold for the purpose of obtaining the
latter.
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The artificial colouring of glass by metallic oxides, espe-
cially oxide of copper, was very early discovered. Many of
the remains which have been found in Anecient Egypt indicate
that the manufacture of glass must at that time have attained
to a high degree of perfection, the modes of production of
artificial gems, enamels, ete., being then known.

The first preparation of glass presupposes in any case
an acquaintance with soda or potash; the former of these
was found as a natural product on the shores of certain
lakes, eg. in Macedonia and Egypt, while carbonate of
potash was obtained from a very early period by lixiviating
the ashes of plants, and also, according to Dioscorides, by
igniting tartar. These two salts' were frequently mistaken
for one another on account of fheir similar action. They
were largely used for the preparation of soap, and also
directly for washing clothes, cleansing the skin and also the
teeth (just as the ash of tobaceo, which is rich in carbonate
of potash, is often employed as a tooth-powder at the present
day), and lastly, as ingredients of medicines.

To the art of pottery must be aseribed an age at least
as great as that of the preparation of the nobler metals and
of glass. Even the old Egyptians understood how to coat
their originally simple earthen vessels with coloured enamel.
At a later date the ceramic industry prospered among the
Etruscans, and also in many towns of Southern Italy and
Asia Minor. Porcelain, which was discovered and employed
by the Chinese, remained entirely unknown to the older
civilised European nations.

The Manufacture of Soap.—Of no slight interest is
the fact that the saponification of fats by means of alkalies,
with the ohject of preparlng soap—that is to say, a com-
phﬂatcd process of organic chemistry—iwas already practised
In ancient times. Pliny’s records on the subject leave no
doubt that in Germany and Gaul soap was made from
animal fat and the aqueous extract of ashes, the latter

! The Hebrew nefer probably denotes soda, while the Latin mnitrum

is employed by Pliny for both alkaline salts. Tha dmgnatmu alkali came
originally from the Arabs,

C
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being strengthened (rendered caustic) by the addition of
lime. Further, there was a distinction drawn between soft
and hard soap, according as potash or soda (the latter being
obtained from the ashes of shore plants in Gaul) was used
in its preparation.

Dyeing likewise belongs to the arts which the Egyptians,
Pheenicians, and Jews greatly developed. They knew how
to fix certain dyes on cloth by means of mordants, alum *
playing an important part here; indeed the dyeing of purple
had attained to a high state of perfection among the Phee-
nicians. Indigo blue seems fo have been more used at that
time for painting than for dyeing, but with this exception
mineral substances were employed as paints. The principal
of these in Pliny's time were white lead, cinnabar, vermilion,
smalt,? verdigris, red oxide of iron, and soot. Native sulphide
of antimony served as a cosmetic, the sulphides of arsenic,
vealgar and orpiment, being also employed. In short, the
Ancients had access to a considerable number of colouring
chemical compounds, some of these being the earliest chemical
preparations to be manufactured on a large scale.

The employment of such artificially prepared products
in medicine likewise extends to a period very far back, even
although, in referring to this, one can only speak of the
first beginnings of a pharmaceutical chemmstry. But a con-
wection between the chemical art and pharmacy established
itself very early indeed, e.g. among the Egyptians, who were
doubtless the first to employ actual chemical preparations
for medicinal purposes. Thus verdigris, white lead, alum,
and soda served for the making of salves and other medica-
ments, while the preparation of lead plaister from litharge
and oil was much practised in the time of Dioscorides.  Iron
rust was a very old medicine, its use being ascribed to
sculapius, while sulphur and copper vitriol containing iron

1 Under orurmpla or alumen of the Ancients must be understood sub-
stances of astringent properties generally, although alum itself is what is
usually meant ; being prepared from alum shale, it contained green vitriol as
an impurity.

2 Davy found cobalt in certain antique glasses, and assumed from this that
smalt had been used in their manufacture,
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(chaleanthum) were valuable ingredients of the medical
treasury before our era; but the important preparations of
antimony and mercury can be proved to have first come
into notice in the alchemistie period.

Most of the officinal compounds just referred to were also
used for other purposes, as has already been mentioned in a
few cases. The combustion produect of sulphur, for instance,
was employed for fumigation (Homer), and for the purification
of clothes (Pliny), while copper vitriol and alum were used
in dyeing operations—In closing this short account of the
knowledge possessed by the Ancients with regard to chemical
compounds, the following substances may be mentioned,
substances whose practical application dates from a very
early period. In ancient times lime was burnt, and after
being slaked, was used for preparing mortar, and also, as
already stated, for causticising soda (ef. p. 17). Of the
acids, acetic acid' in the form of erude wine vinegar was
the earliest known, its presence being assumed in all acid
plant juices. The mineral acids, which are of sueh import-
ance in technical chemistry, were only discovered in the
succeeding epoch.

Other organic compounds known at the beginning of
our era, and doubtless even before then, were sugar (from
the sugar-cane), starch * (from wheat), many fatty oils, from
seeds and fruits (the oil being extracted either by pressing
or by boiling with water), and oil of turpentine, which was
obtained by the distillation of pine resin in very imperfect
apparatus. Compounds such as spirit of wine, carbonic
acid, etc., which are formed in many processes of fermenta-
tion, e.0. in the making of wine, beer, and bread, remained
unknown to the Ancients. Tt is true that they noticed in

! The Ancients had the most extravagant ideas with regard to the solvent
power of vinegar upon mineral substances, as may be gathered from the con-
cordant statements of Livy and Plutarch that Hannibal, in his PAsSsage across
the Alps, cleared the way of rocks by means of it. The story which Pliny

tells of Cleopatra may also be recalled here,—how she, in fulfilment of her

wager to consume a million sesterces at one meal, dissolved costly pearls in
vinegar and drank the solution.

® duvdor, so called from its being prepared without millstones, and the
production of which is described by Dioscorides.
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these cases and also in others—natural emanations of gas,
for instance—the presence of a kind of air prejudicial to
breathing, but it did not oceur to them to recogmise in this
a gas different from atmospheric air.

This lack of the gift of observation, this disinclination to
go to the root of any phenomenon, in fact, a cerfain in-
difference with regard to natural events, are characteristics
of the attitude of the Ancients with respect to nature. In-
stead of experimenting with natural products, they infinitely
preferred to call speculation to their aid, so that the most
superficial observations gave rise to opinions which, when
uttered by high authorities, attained to the dignity of
dogmas. How otherwise than from an extreme lack of
the desire of observation can one explain Aristotle’s assertion
that a vessel filled with ashes will contain as much water
as one which is empty 2 A further instance of the credulity
of that time is given in the conviction expressed by Pliny,
and universally held, that air can be transformed into water,
and wice versd, that earth is produced from water, and that
rock-crystal also proceeds from the latter. The assumption
that water can be transformed into earth has often come up
again at later periods, having exercised the minds of people
even in comparatively recent times; as 1t subsequently
assumed the form of an important question of dispute, it
will be referred to in detail later on.



CHAPTER II

THE AGE OF ALCHEMY

IN the introduction to this book Egypt is spoken of as the
mother-land of Alchemy. The university of Alexandria was
especially instrumental in the propagation of the latter during
the first centuries of our era; it was the carrier and inter-
mediary for the alchemistic views at the time of the fall of
the Western Roman Empire.

The attempts to convert the base metals into the noble
ones had their origin in superficial observations, which ap-
peared to give a strong support to the belief in such trans-
mutation. Among such accidental observations was that of
the deposition of copper, from the waters which accumulated
in copper mines, upon iron utensils left therein. What
more natural than to conclude that a transmutation of iron
into copper had occurred? For the produection of gold or
silver from copper, the transformation of the latter into
yellow or white alloys by means of earthy substances such
as calamine or arsenic appeared to give warrant. Finally,
the fact that a residue of gold or silver remained behind
when an alloy with lead or an amalgam with mercury was
strongly heated, indicated the generation of those noble metals.

To these considerations of a practical nature, which
strengthened the convietion as to the transmutation of
metals, but which inferred a gross self-deception on the
part of the observer himself, there came to be allied, in this
epoch for the first time, the tendency to group together
chemical facts from common points of view.
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It was precisely in the mode in which 1t was attempted
to explain the composition of the metals that there lay a
powerful and ever-active charm, leading to the belief in the
ennobling of the baser metals and to continually repeated
efforts to achieve this. The first beginnings in an experi-
mental direction, which we meet with early in the alehemistic
period, although very incomplete, indicate nevertheless a
distinct step in advance as compared with the deductive
method which had hitherto reigned supreme, and whose fruits
consisted, for the most part, in the setting up of mystic cos-
mogonies. The few observations made remained, however,
isolated—that is, were not grouped together in a connected
manner.

That the attempts to attain to a knowledge of the
processes of nature by the inductive method were but slight
at best in the alchemistic period, is explained by the
supremacy of the Aristotelian doctrine, which, amalgamated
with the Neo-Platonic philosophy, enchained the minds of
men almost throughout the whole of the Middle Ages. Even
the Christian theology had to compromise with this system,
the product of the joint work being scholastieism, which
imprinted its stamp upon all the mental efforts of that
time and prevented their free development. The relation of
the alchemistic tendencies to the Aristotelian philosophy has
been already indicated (p. 9).

The limitation of this epoch between the first appearance
of alchemistic coneeptions (in the fourth century) and the
bold attempt of Paracelsus to call in chemistry to the aid
of medicine (in the beginning of the sixteenth century) is
thus a natural one, since, during the whole of this time, one
and the same keynote runs through all the questions bearing
upon chemistry, viz. the idea of the ennobling of the metals,
People were so convinced of the practicability of this for many
centuries, that every one who devoted himself to chemistry,
and many others besides, strove towards this long-desired
goal. The early mixing up of astrological and cabalistic non-
sense with these alchemistic endeavours marks very dis-
tinctly the degeneration of the latter.
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Alchemy by no means ceased to exist on the appearance
of the new iatro-chemical doctrines, but gradually receded
as chemistry became more of a science. True, its seductive
problems are often seen to light up the chemists’ camp un-
cannily, and to exercise upon even the most eminent of them
an undoubted influence; but upon the main lines which
chemistry has followed ever since the time of Boyle, the
phantasies of alchemy have had no appreciable effect.
Notwithstanding, however, that this influence was but slight,
a short account of the position of alchemy during the last
four centuries cannot properly be omitted, and will therefore
be added as an appendix to this section of the book.

GENERAL HISTORY OF ALCHEMY.!
Origin ® and First Signs of Alchemistic Efforts.

The sources from which the belief in the practicability of
the transmutation of metals was nourished, and which in the
course of centuries gradually expanded into a broad stream
of the most mischievous errors, have their origin in the gray
mists of antiquity. No actual proof of these must be
looked for: we depend, with regard to them, upon mythical
and mystical traditions. The first historical sources are,
further, small in volume and very muddy. But we find
among various nations distinct signs of alchemy having been
pursued as a secret science and having been held in honour.

When one recalls to mind that Ancient Egypt was a
centre of the higher culture, and, especially, that it was a
country where the chemical art was practised, one feels no
surprise that the earliest reliable records of alehemy are to
be found there. Egyptian sources, partly such as have been
preserved to us 