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§ 1. Introduction.

In the Greek writings of the first millennium of the Christian era we find
our earliest evidence of that remarkable body of doctrine known as Alchemy.
Arising perhaps in the traditional knowledge of the Egyptian priesthood, it
flourished as a living science and creed for seventeen centuries. The earliest
alchemical works that have survived are all written in Greek, and the extant
Greek alchemical writings run to more than eighty thousand words. The bulk
of these documents is evidence of the attraction which the science possessed
for the philosophers of the Byzantine age. Alchemy was then no mere by-way
of thought, but one of the major departments of knowledge.

The alchemical writings have affinities with other contemporary works.
It is, therefore, well to decide on the meaning we shall attach to the word
Alchemy before discussing its methods and origin. In the forms &Ayepic,
&Axnuic;, ete. the word first appears subsequent to the date at which the most
important Greek alchemical texts were composed. These texts themselves
usually refer to their subject as ¢ The Work,” ¢ The divine and sacred Art,”  The
making of gold,” and but rarely use the much-discussed word ynpic, xupeic,
etc., which has since entered our vocabulary as Chemastry.

Alchemy and Chemistry were, of course, distinguished from each other
only at a late date. The derivation of chemistry from alchemy should not lead
us to assume that the alchemy of Greek times could correctly be called chemistry.
Certain substances may have been investigated for specific purposes, but we
know of no early investigation in that scientific spirit which is to be distin-
guished from practical crafts such as metallurgy or dyeing. Alchemy is distin-
guished from metallurgy, not by a scientific spirit, but rather by its special-
isation on a particular metallurgical problem and its exaltation of that problem
to a matter of more than material significance. The conception of rigidly
defined chemical individuality could not be in existence in the early days of
alchemy. On the old theory all matter was made up of mixtures in varying

proportions of the four elements, air, fire, earth and water. The alteration of
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the properties of a metal was thus not a task which presented itself as in conflict
with any established theoretical principle. Yet although alchemy, looked at
from the point of view of a practical craft, may be regarded as a department of
metallurgy, it had from its first appearance a supernatural element associated
with it.

The lack of interest in the general properties of matter is noteworthy. All
the practical instructions or recipes deal with the production of gold, silver and
purple, or in one or two instances precious stones. The texts make it clear
that numerous chemical phenomena must have been discovered in the course
of the alchemical processes, which include multifarious fusions, sublimations
and distillations. Yet the alchemists found none of these phenomena interest-
ing enough to mention. No one who had used sulphur, for example, could fail
to remark the curious phenomena which attend its fusion and the subsequent
heating of the liquid. Now while sulphur is mentioned hundreds of times
there is no allusion to any of its characteristic properties except its action on
metals. This is in such strong contrast to the spirit of the Greek science of
classical times that we must conclude that the alchemists were not interested
in natural phenomena other than those which might help them to attain their
object. Nevertheless, we should err were we to regard them as mere gold-
seekers, for the semi-religious and mystical tone, especially of the later works,
consorts ill with the spirit of the seeker of riches.

This religious atmosphere is present in almost all the alchemical texts and
serves to distinguish them from purely technical treatises. Certain of the
earliest alchemical works were, probably, at one time wholly practical in
content but even these seem to have been provided with a supernatural
setting in order to make them more acceptable to a later public. The
religious element in Greek alchemical works links them to Egypt rather
than to Greece. The deeply religious nature of the Egyptian seems to
make itself apparent here. We shall not find in alchemy any beginnings
of a science, but rather an attempted interpretation of secrets of the
past by men who believed that they might restore or rediscover lost or
concealed knowledge, once possessed by the priests of Egypt, or by ancient
philosophers. At no time does the alchemist employ a scientific procedure.
He does not survey the theory and practice of his art and build up a method
therefrom, nor does he ever base his practice on his theoretical beliefs concerning
the nature of matter and its interactions. He is for ever concerned in finding
out what the ancient authors meant. The reverence paid to the legendary
figures of ancient science, such as Democritus, Ostanes and Hermes, and conse-
quently to the authors who wrote in their names, paralysed research along new
lines. Under the Arabs rose the second wave of alchemical progress, leading
in a short time to chemical discoveries greater and more numerous than any
made by the Greeks.

§ 2. The Papyri.
We derive our knowledge of Greek alchemy from a large number of
mediaeval manuscripts and from a few papyri of earlier date.
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Three papyri in Leyden are the most ancient known which treat of the
subjects of alchemy or metallurgy. They are of about the third century A.p.,
and form part of a collection probably emanating from a tomb.! One contains
magical incantations of a fairly early gnostic character. In the same papyrus
is a list of 37 names of plants, minerals, etec., together with their mystical or
sacred names. This synonymy is of interest in view of the alchemical practice
of giving many names to the same substance. Two fragmentary metallurgical
recipes occur also in this papyrus, affirming by their position the association of
metallurgy with magic and gnostic mysticism. A second papyrus contains
names of a few substances used in connexion with the writing of magical
formulae.

The third alchemical papyrus at Leyden is more important for our purpose.
It contains 101 recipes, all of a character bearing upon alchemy. Sixty-five of
these are metallurgical. They are concerned chiefly with the making of gold
and asemos. Fifteen are concerned with writing in letters of gold and silver.
Eleven are recipes for dyeing stuffs. Ten are extracts from the Materia Medica
of Dioscorides concerning minerals used in the recipes. This is, therefore, one
of the earliest portions of a text of Dioscorides that we possess.2 Some of the
metallurgical recipes are of great interest as resembling those given by such
authors as the alchemical writer ‘ Democritus.’

The Leyden papyri have been dated to the third century by Reuvens and Leemans,
on the evidence afforded by the character of the script, and by their format. The authors
cited in them are ‘ Democritus,” Phimenas, Anaxilaus and ‘ Aphrikianos.” The dating of
¢ Democritus ’ is uncertain, but probably he is to be placed in the first century A.p. (see
p. 114). Phimenas may perhaps be identified with Pammenes, but even so he affords little
help in dating. The age of Anaxilaus is also doubtful. Aphrikianos, however, is very
probably Julius Sextus Africanus, who lived at the beginning of the third century A.p.
This would be in agreement with the dating arrived at from the other sources mentioned.

Of somewhat less alchemical interest than the Leyden papyrus, though
important on other grounds, is the papyrus of Stockholm, of about the same
date and character as those at Leyden. It contains 152 recipes, 9 concerned
with metals, 73 with precious stones and 70 with dyeing. Its date is probably
the same as that of the Leyden papyri.

§ 3. The Manuscripts.

There is a great body of Greek alchemical manuscripts, chiefly of the six-
teenth century or later. A few early manuscripts are known. The later,
with the exception of those containing the few texts referred to in § 4(d), are
all more or less accurate copies of these. The similarity of earlier and later
manuscripts shows that Byzantine alchemy was quite static.

The early manuscripts of primary importance are three in number. A

! This collection was acquired by the Government in 1828.
Chevalier d’Anastasi, Swedish vice-consul 2 See C. Singer, ‘ Herbal in Antiquity,’
in Egypt at the beginning of the nineteenth  J.H.S., xlvii. p. 22.
century, and was purchased by the Dutch
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fine MS. at Venice (Marcianus 299) is of the tenth or eleventh century. A
manuscript at Paris which we shall call the first Paris MS. (Paris. gr. 2325) is of
the thirteenth century. Another Paris MS. which we shall call the second
Paris MS. is of the fifteenth century (Paris. gr. 2327). It is a fuller copy of the
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Fic. 1.—THE SERPENT ¢ OUROBOROS’ WAS A SYMBOL DENOTING AT ONCE THE UNITY
OF MATTER, AND THE ‘CIRCULATORY’ TYPE OF ALCHEMICAL PROCESS PRACTISED IN
CERTAIN TYPES OF ALCHEMICAL APPARATUS. (MS. Paris, Gr. 2327, . 196.)

first Paris MS. These three MSS. contain almost all the surviving alchemical
writings which date from the first eight or nine centuries of the Christian era.

Of a different character are several late Greek MSS., the texts of which
cannot have been written earlier than A.p. 1000, nor perhaps later than
A.D. 1300. The methods and spirit of these are allied to mediaeval Western
rather than to early Greek alchemy. They are therefore more conveniently
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studied in connexion with the alchemy of the Middle Ages. Among these are
a recently discovered Codex at Holkham Hall (Holkhamicus 290) and a still
more recently discovered and as yet unpublished Codex at the Vatican (Vat.
gr. 1134).

The Greek alchemical MSS. of the British Isles, France, Italy, Madrid and Athens have
been adequately described and catalogued. Those of Central Europe have not yet been
systematically treated. In the libraries of Leyden, Vienna, Munich, Wolfenbiittel, Breslau
and Altenburg there are Greek alchemical manuscripts, which, however, do not seem to
contain anything of importance not found in the three primary MSS. at Venice and Paris.

Of the secondary MSS. a useful study has been made by Kopp. The contents of the
primary MSS. have been transcribed by Berthelot, Ideler, Ruelle and others. The edition
of Berthelot contains, in great confusion, the major part of the known Greek alchemical
texts. His transcription is based, for the most part, on the second Paris MS., collated
with several secondary MSS. Berthelot has translated most of the texts, but his inter-
pretation is necessarily strongly coloured by his views of the nature of the alchemical
processes, and these views are not accepted by all students.

§ 4. The Texts.

The older Greek alchemical texts are the work of some forty or more
authors whose period of activity is datable within fairly wide limits. These
authors fall naturally into five groups, of which we shall here be concerned only
with the first three. Many of the names given are mere pseudonyms.

(a) The earliest alchemical authors, who wrote at dates in no case certainly
known, but not later than the second half of the third century of
the Christian era nor earlier than the first century. These include : 3

Democritus Eugenius Pammenes
Isis Comarius Chymes
Tamblichus Cleopatra Pibechius
Moses Maria Petasius
Ostanes Hermes
¢ Chruth ” Agathodaemon

(b) The alchemical authors of the third and fourth centuries :
Africanus Heliodorus Pelagius
Zosimus Synesius Olympiodorus

(¢) The later commentators. These flourished between the sixth and
thirteenth centuries. They include :

Philosophus Christianus ~ Pappus Psellus

Stephanus Theophrastus Cosmas

Heraclius Hierotheus Nicephorus Blemmydes
Justinianus Archelaus

Philosophus Anonymus  Salmanas

3 No attempt is here made to distinguish  texts have been falsely attributed.
between genuine authors and those to whom
J.H.8,—VOL,, L. I
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(d) The recently catalogued MSS. of Italy, Spain and Athens have revealed
a number of late texts, the translators or authors of which may be
dated as later than A.p. 1000. Their works, as yet unpublished,
appear to belong to Western alchemy rather than to the Alexandrian
and Byzantine traditions. Nevertheless, no evidence has yet been
adduced that they exhibit Arabian influence except through their
Western originals. These late authors include :

‘Pivordwv TehavoPéPida (BnAoavoPa) (Arnaldus de Villanova)
*ApTrépTos BeokTdvikos (Albertus Teutonicus)

Comes de Santa Flore

Luciatus

(e) A very late list, contained in a MS. at Athens copied in 1804, refers
to Dioscorides, Theodorus Magistrianus and Jacobus Cabidarius as
alchemists. The date of this manuscript is a witness to the
remarkable persistence of the alchemical tradition in the Near
East.

(a) The earliest alchemical authors are sharply divided into two schools, to
which we add an indefinite appendage or third school :

(i) The followers of Democritus.—These carry out their alchemical work
by superficial colourings of metals and by the preparation of alloys
by fusion. The Democritan school includes Isis, Iamblichus,
Moses, Ostanes and Eugenius.

(ii) The school typified by Maria and Comarius.—These employ complex
apparatus for distillation and sublimation. The Marian school
includes also Hermes and Cleopatra. Agathodaemon, of whose
works fragments only survive, probably also belongs here. To this
school Western alchemy and, indirectly, modern chemistry owe
some debt. This is acknowledged in the common modern labor-
atory device known as the bain-marie, and in the design of our
distillation apparatus. The title balneum mariae seems to occur
first in the works of Arnald of Villanova (fourteenth century).

(iii) Fragments. There remain a number of authors of unquestioned early
date whose works are lost or survive only in too fragmentary a
state for us to determine their affinities. To this group must be
relegated Pammenes, Chymes, Pibechios and Petasius.

(1) The followers of Democritus.

DEMocrITUS (PSEUDO-DEMOCRITUS).—The mention of this author in one of the Leyden
Papyri places him before ¢. A.p. 250, the terminus ad quem of that document. Later com-
mentators refer to him as a remote and legendary figure. This is doubtless the result of
the pseudonym of the writer of the existing treatises. The reference of Pliny to the
Chirocmeta of Democritus shows that a collection of recipes for some kind of marvellous
manipulations, attributed to that philosopher but doubtless the work of a much later author,
was in existence in the first century A.p.

The term XeipdkunTa in the sense of ¢ artificial substances ’ is applicable to the Physica
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et Mystica, the most important work of the alchemist Democritus. It is in this sense that
the adjective XeipokpnTos is used by Aristotle (Meteor., 2. 1. 6).

It is, then, possible that this Democritan work of Pliny is identical with the alchemical
Physica et Mystica Democriti which we possess or with the older portions of it. The Physica
et Mystica contains no Christian references. Its magical portion, which is almost certainly
later than the practical portion, is not flavoured with the complex Gnostic beliefs which
abound in works of the second and third centuries. Moreover, the comparative simplicity
of the methods of the Physica et Mystica suggest that it is considerably older than those
authors that mention it. It is, then, probable that this work at least of Democritus is of
the first century of the Christian era.

Democritus was regarded as a father of alchemy by his successors. He appears as
the earliest exponent of the school of alchemical thought which has given its teachings to
the world in the form of short and definite recipes. The obscurity of these is due rather to
our ignorance of the nature of the constituents than to deliberate concealment or to a
mystical or symbolic terminology. The methods advocated by Democritus and his
followers include the preparation of alloys and the superficial coloration of metals; while
the processes of distillation and the prolonged action of the vapours of arsenic, mercury and
sulphur, much practised by the school of alchemical thought, of which the earliest exponents
were Mary, Comarius and Cleopatra, were either unknown to them or considered valueless
for preparing gold.

The works attributed to Democritus are :

(@) ®uoikk kai puoTikd. (B. IL p. 41. 1-49. 22.)¢
(B) Anpoxpitou BiPAcs €' TpoopwvnBeica Aeuximme. (B. IL. pp. 53-56.)

A Syriac version of the Physica et Mystica exists and was probably a means of trans-
mitting the knowledge of Greek alchemical processes to the Moslem world.

Isis.—The character of the mythology of the interesting text bearing the name of Isis
assigns it to the earlier period of Gnostic beliefs. The text exists in two forms differing in
the mythological part but identical in their alchemical content. The alchemical matter is

consistent with a date near to Democritus. This text also probably dates from the first
century. The title of the work is :

*lots wpopfiTis TG vigd oriis. (B. II. pp. 28-33.)

IamBricEUS.—That this author is not identical with the well-known writer Iamblichus
may be inferred from a consideration of his style and thought. The alchemical matter is
somewhat more advanced in type than that of Democritus, the influence of whose work is
noticeable. An attribution to the second or third century seems reasonable.

(=) ’lapPrixov kotoPaen. (B. II. 285.)
(B) ’lowpAixov Toinois. (B. II. 286.)
(y) XpucoU moinots. (B. II. 287.)

(8) XpuooU dimAwois. (B. II. 287.)

Moses.—The opening passage of the considerable work (B) attributed to this author
is a somewhat altered version of Exodus xxxi. 2-5. This suggests an attribution to the
Hebrew prophet, though it is to be remembered that Moses was a personal name affected
by the Byzantines. The alchemical matter is similar to that contained in the preceding
texts, and the works were probably written at some period of the first or second centuries.

(@) Mwotews dimAwots.  (B. II. p. 38, 13-29, 4.)
(B) Evmoia kal ebtuxia ToU xTicapévou kai
gmTuyic kapdTou Kol paxpoxpovia Biou. (B. IV. p. 300-315.)

OsTaNES.—The name was probably suggested by that of the Persian under whom
Democritus of Abdera is said by Diogenes Laertius and others to have studied. An Ostanes

¢ B. here and later M. Berthelot : Collection des anciens alchimistes grecs (Paris, 1888).
I
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is mentioned by Zosimus as an author of some antiquity, but there is no proof that he had
the author of this treatise in mind. The character of the work is such that it may be of the
first two centuries of the Christian era.

’Octévou @rAocodpou Trpds Tletaoiov Trepi Tiis iep&s TaUTtns xad Belas Téxvms.
(B. II. 261.)

EveeNIus.—The name is attached to a recipe of the Democritan type.

Evyeviou SimAwos.  (B. II. 39.)

(i1) The School typified by Maria and Comarius.

MAR1A, also called Mary the Jewess, must be one of the earliest alchemical authors.
In the third century she was known to Zosimus, who identified her with Mary, sister of Moses.
The works in her name can hardly be later than the first century A.n. Unfortunately they
survive only in quotations. Her Jewish origin is confirmed by the quotation (B. II. 103)

M1y 8éAe waletv xerpolv oUk el yévous *APpamaiov . . .

Her works are freely quoted by Zosimus and other authors. She appears from these
to have been quite the most remarkable of the ancient alchemists. She appears in these
quotations as the originator of the major part of the processes used by the Greek alchemists.
The elaborate ¢ kerotakis’ apparatus (p. 132 ff.), the hot-ash bath, the dung-bed and the
water-bath (bain-marie) are all apparently her inventions or discoveries, while it appears
likely that she perfected the apparatus for distillation of liquids (p. 136) in a form so efficient
as to have suffered little alteration in two millennia. Her practical character distinguishes
her very notably from all other alchemists. She describes apparatus in detail, even to the
method of constructing the copper tubes required from sheet metal. She appears to have
used almost every type of alchemical method, but perhaps to have paid most attention
to the use of alloys of copper and lead. The latter metal she refers to as ‘ our lead ’ as dis-
tinguished from ¢ common lead,” and it may well be antimony or some metallic sulphide
to which she refers. Democritus and Maria must hold the first place as practical alchemists.

The work of the other alchemists is in all probability merely the performance of vari-
ations of the processes invented by these authors.

CoMARIUS is perhaps the earliest of all our authors. The mythical and symbolic
matter, of which his fragmentary treatise is largely composed, is, when freed from later
additions, fully consonant with a first-century Egyptian origin.

Kopapiou grihocdpou &pxiepéws B18&akovTos
Thv KAeomrdTpav ThHv Belav kai fepdv TéXvnv
ToU Aifou THis prAocopias. (B. II. 289.)

CLEOPATRA.—Three treatises survive. The Chrysopoeia consists only of a page of
symbols and drawings reproduced on p. 117. The title of the treatise mentioned under
Comarius, and also internal evidence of Cleopatra’s treatise, indicate a first-century date.
The symbols and drawings of figures are probably the earliest drawings that we have of
chemical apparatus. ¢ A dialogue of Cleopatra and the philosophers’ exists in a mutilated
form; it is probably of the same date as the above treatises, but cannot be attributed to

Cleopatra.
(o) ’Ex T&V KheomdTpas Tepl péTpoov kai oTabudov. (Hultsch : Metrologicorum
scriptorum reliquiae. Lipsiae, 1864, 1. 253.)
(B) Kreomdrpns xpuoomofa. (Figures only, no text.) (B.I. 132.)
(y) Didhoyos gidoodgwy xai Kheomdrpas.  (B. IL. 290. Included under the
same title with the dialogue of Comarius and Cleopatra.)

HErrMES.—The name is attached to three fragments. These are unrelated in style

5 von Hammer Jensen : Die dlteste Alchimie. Copenhagen, 1921.
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and matter to the mystical works bearing the name of Hermes Trismegistus, but are con-
ceivably derived from some of the priestly works attributed to Hermes-Thoth and men-
tioned by Clement of Alexandria. Many other fragments are scattered through the works
of Zosimus and later commentators.

(«) ‘Epuol TpiopeyicTou 8pyavov. (B. IL p. 23, 8-17.)

(B) Atvryua (CE&v pfy - EoTon). (B. II. 115, 10.)

{y) Aiviyua ToU giAocogikoU AlBov. (B. IL. 267, 16-268, 2.)

zc%enm-rmxrv.to-mn'{a.

Do

F1¢. 2.—THE CHRYSOPOEA OF CLEOPATRA.

The emblem in the left hand top corner encloses the aphorisms: “Ev Té 7&v kal 81° arol
T Tdv Kal els aUTd TO WEV Kadl €l phy Exor TO T&V oUBE EoTiv TS MY : and : “Eis éoTiv & Sgis & Exwv TOV
16v per& 8Uo ouvBuara.  On the right of this emblem are symbols of which the meaning is
doubtful. Below these is a still with two condensing arms (cf. Fig. 8) and on the left
the serpent Ouroboros with the inscription: & & w&v. Above the serpent are sketches
illustrating a piece of apparatus of the kerotakis type, used for the fixation of metals.
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AGATEHODAEMON.—A deity of that name was worshipped in Greece and Egypt in
connexion with wine, and later figured in Gnostic hymns and inscriptions (cp. Isis and
Hermes). There was a geographer Agathodaemon, but there is no reason to suppose a
connexion with these texts. Olympiodorus (early fifth century) doubted whether Agatho-
daemon were ‘ an ancient philosopher in Egypt or a mystic angel, or a good genius (&y«86v
Saipova) of the Egyptians.’

Internal evidence suggests the first two centuries of the Christian era as a date for his
texts :

() An aphorism without title (Met& Thv - §&vbwots). (B. IL 115, 7.)
(B) Ayabodaiuwy els TOV xpnowév : *Opeéws ouvaywyt kai Umrépvnua.  (B. 1L
268, 3-271, 25.)

(iil) Fragments.

CHRUTH.—A MS. (Paris. gr. 2314) contains an unedited text entitled *EBpeois éx Tfjs
XvbaTikfis BiPAou THs xpuoomoifas (sic) Ths XpU® kal ToU Oppéws (sic) kai kAsoT&Tpas.
The text is late (probably ninth century), and the name xpU® may be a copyist’s error.
The name is placed here on account of its association with Cleopatra.

JoHANNES.—* Philosophus Anonymus’ (p. 122) refers to ‘ Johannes the arch-priest of
the ““ Tuthia > in Evagia . . .” as the oldest of the alchemical writers with the sole exception
of Hermes. Another list which places Johannes earlier than Democritus dates from the
seventh century.

The character of the work attributed to Johannes makes it certain that its author was
not earlier than the fifth century. It may be that this work is falsely attributed to a real
Johannes of the first century. The application of the title itself to this work seems to be
an error on the part of Berthelot as editor.

The work attributed to him is entitled :

’lwdvvou *Apyieptws ToU &v EPeryix mepl Tfis Oeias Téxvns. (B. IL. 263 and
130, 4.)

PAMMENES may be the Egyptian Phimenas of Sais to whom a recipe in the Leyden
Papyrus X is attributed. He is mentioned by Olympiodorus (fifth century). None of his
works survives.

CHYMES is mentioned as an ancient author by Zosimus, and a few quotations from his
works are found in the treatise of Olympiodorus, and in certain works of Zosimus. He is
associated by the latter with Mary the Jewess and may well date from the same early
period.

PrBEcHIOS.—The name has a mythological significance, being equivalent to Apollo
Bechis (Pliny, XXX. 2). He is mentioned, together with Mary, Chymes, Democritus,
Agathodaemon, in a treatise attributed to Zosimus. He might therefore be placed in the
first or second century. The attribution of this particular treatise to Zosimus is, however,
doubtful.

PETESIS or PETasTUS.—The name Petesis (Egyptian = Gift of Isis; in Greek, Isidoros)
is perhaps that of a real person. The treatise of Olympiodorus (c. 400) is addressed ‘ to
Petasius, king of Armenia.’ The latter title has, however, probably been added at a later
period. This treatise, moreover, mentions ¢ Petasius the philosopher ’ in such a way as to
make it unlikely that he is the person to whom the treatise is addressed. A Petesis is
mentioned by Zosimus as a contemporary of Hermes. The quotations from his works
show him to have been of the school of Comarius and Mary.

(b) Alchemical authors of the third and fourth century.

The work of Zosimus, like that of a few authors to be classed with him, is distinguished
from that of the earliest authors by its character as commentary. Zosimus is probably
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a practical author as well as a commentator, but very little of his work, if any, is truly
original. The other commentators of the fourth and fifth centuries are even less practical
in type, but are perhaps less barren than those of the sixth century and later.

Arricanus.—The first alchemical author who can be dated with any degree of accuracy
is Africanus. He is almost certainly identical with Julius Sextus Africanus who died in
A.D. 232. Scanty remains of his alchemical writings survive in quotations in the works
of Zosimus and Olympiodorus. They are not unlike those of Zosimus.

Zosmus.—Suidas mentions that Zosimus and Theosebeia wrote a work Cheirokmeta
(cp. Pliny on Democritus), a Chemical Encyclopaedia in 28 books. Of this certain existing
works of Zosimus are fragments. The Syriac version of Zosimus seems to preserve a
large portion of this work.

This most important of the Greek alchemists certainly belongs to the third century.
He cites Democritus, and most of the early authors, and also Africanus, who died in A.p. 232.
He is himself cited by Olympiodorus (beginning of fifth century). He mentions the
Serapeum (destroyed a.p. 390) as still in being. His allegorical writings are consistent
with the third century. A date of about 300 A.p. is probable. He is not identical with
Zosimus the historian.

Zosimus produced several works on alchemy and also a collection of some of the
alchemical works extant in his time. A part of this collection survives. Zosimus is heir
to the ideas of Mary and Cleopatra. He had some tincture of the experimental spirit, and
appears to have added something of his own to the tradition he had received. His remark-
able ¢ visions > do not readily receive a physical interpretation, and it is possible that these
and some of the work of his followers are mystically symbolic and not primarily practical
in meaning.

The following are attributed to him :

(o) Zodotuou ToU Beiou Trepl &petiis (Tp&Sis ).  (B. II. 107.)

(B) Zodowos Aéyer mepl Tis GoPéoTou. (B. 1I.113.)
Zoopos mpd€is B'. (B II. 115.)

) Tloinua ToU a¥tol Zwaoipou mpdéis y'. (B. IL. 117.)

8) Zwoiuou ToU Belou Tepl &petiis kil épunveias. (B. II. 118.)

) Tlepi THjs éSaTuioecs UBarros Befov.  (B. II. 138.)

) Tlepi ToU orol feiov USartos. (B. 1I. 141.)

) Tlepi ToU eiou UBartos (in some MSS.). Zwoipou ToU TTavoworiTou yvioix
UtropvnpaTa epl ToU Oefou USarros.  (B. II. 143.)

) Tlopaivéoels ouoTaTikal TV Eyxeipouvtwy THv Téxvnv. (B. IL. 144.)

(1) Zowoipou Tol TlavotroAiTou yvnoia ypaet mepl Tiis lepds kol Beias Téxvns,
Tfis ToU XpuooU kal &pyupolU Toifioews kot EmITOMRY  KepoAxihddn.
(B. 1. 145.)

) BipAos &Anofs Zogt Alyutrtiou kai fefou ‘EBpaiwv xupiou T&v Suvdpewv
ZoPamd. Zwoipou OnpPaiov puoTikn PiPAcs. (B. IL. 211 and 213.)

) Zwoipou Tpds OedBwpov kepdAaua. (B. IL. 215.)

) No title. Inc.:—kai 871 ToUs Xpnoipous Adyous . . . (B. IL 219, 1.)

) “Y8papyUpou moinots. (B. IL. 220.)

) Zwoipou Trepl dpydvewv kal kapivwv. (B. I 224.)

) ToU adrol Zwoipou mepl dpydvwv kal kamivewv yvnola Umopvrperta Tepi
ToU & oTorgeiov. (B. IL. 228.)

(1) Tlepi ToU Tp1Pikov kai ToU gwAfjvos. (B. IL. 236.)

(p) TO TpdTov PipAov Tfis TeheuTeias &moxfis Zwaipou OnPaiov . . . (B.IL.

239.)

(s) ‘Epunveia Trepl évTwv &mAds kai Tepl TV pdTwv. (B. II. 247.)

(T) No title. Inc.:—8Uvauis, uetd 8¢ v épyaciav . . . (B. IL. 248, 11.)

(v) Tlepl Aeukcdoews.  (B. IL. 211.)

(¢) ‘Epunveia mrepl TéV pwTwv. (B. II. 249.)

(x) Tepi aif&Awv. (B. IL. 250, 13.)
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The following works may belong to the remains of the Encyclopaedia of Zosimus and
Theosebeia :

() TTepl TV UmooTéTwov kKol T& & cwpdTwv KoTd TOHV Anpdkprtov TOV
eiévta.  (B. I1. 148.)

(B) Tlepi Srxpopds xoAkolU kekoupévou. (B. IL. 153.)

(y) Tlepi ToU &1 TéwTev TGV Uypdv T6 Belov U8wp xoAolow: kal ToUTo ouv-
0eTév EoTiv kai oUy &mAoUv. (B. IL. 154.)

(8) Tepi ToU &v TavTi kapdd &pxréov TS Epyov. (B. I1. 156.)

) Tlepi Tfis Kot TA&TOS 8KBbOEWS TO Epyov. (B. II. 159.)

) Tepl ToU T gomiv kor&k THY TéYVNY, ovoia kad &vousia. (B. II. 167.)

) Tlepi ToU 81 vt epl wds Papfs f) Téxvn AeAdAnkev. (B. IL. 169.)

) Tlepl ToU Tpophv elvan T& &' ocduara T&Y Papddy, eioiv. (B. II. 170.)

)

)

)

)

)
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1) Tlepl ToU xpnoTéov oTuTTnEI& 0TpoyyUAf] &vTidoyos. (B. II. 171.)
Tepl Geicdv. (B. I1. 174, 11.)
Tepi oTabpidv. (B. II. 177.)
Tlepl kooews cwpdToov. (B. IL. 179.)
TTepl oTaBpol Eavbmoews. (B. II. 181.)
) Tlepi Be10U &BikTou UBatos. (B. II. 184.)
) Tlepl oxevaaias & dypas.  (B. II. 186.)
) Tlepi oikovopias ToU THs payvnoias cwpaTos. (B. II. 188.)
) Tlepl cwpatos payvnoias kai oixovopias {adrob). (B. II. 191.)
) Tlepi ToU A1BoU Tfis prAocogias. (B. II. 198.)
) Tlepl &poppdv ouvbécews. (B. IL. 204.)
)
)
)
)
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Tlepi Enpiov. (B. II. 205.)

Tlepi 100,  (B. II. 205.)

Tepi aiTticov. (B. II. 206.)

Without title. Inc.:—Y®papylpou milp Tupi kpatolvrtes . . . (B. II
206, 8.)

() Without title. Inc.:—OUtos & yaAk&vBpwmos dv &p&s . . . (B. IL

207, 1.)

(o) Kadpids mAvots.  (B. IL. 207.)

(BP) Tepl Pagfis. (B. II. 207.)

(vy) Tlepi avBwoews. (B. IL. 208.)

(88) To &éprov UBwp. (B. II. 209.)

(ee) Tlepi Aeukedoews. (B. IL. 211.)

P
X
v

HEerioporus.—His work is addressed to Theodosius, presumably Theodosius I
(379-395). Itisan alchemical poem and bears no evidence of being the work of a practising
alchemist.

Title : ‘HA108wpou @rAocdgou Trpds Oeoddoiov TOV péyav Paocidéa Tepl THs TV
P1AocdPwV PUoTIKTs TéXVns S1& oTixwv idpBwv. (Goldschmidt: Heliodori carmina
quattuor.  Religionsgeschichtliche Versuche und Vorarbeiten,” XIX. 2. Giessen. 1923.)

SYNESIUS is not the famous bishop of that name, since he writes prior to the destruc-
tion of the temple of Serapis at Alexandria (a.p. 390). His one work is:

Zuveoiou prAocdpou Trpds Alookopov eis Thv BiPAov AnpokpiTou, ds év oyoiors.
(B. II. 56.)
PELAGIUS.—This author mentions Zosimus (¢. A.p. 300) and is mentioned by Olym-
piodorus (c. A.p. 425). He is thus about A.p. 370. He wrote :
TeAaxyiou pdocdgou Trept THs gelas TawuTns Kol iepd&s Téxvns. (B. IL. 253.)
OLYMPIODORUS wrote in A.D. 425 a history of his times. Thus his lengthy alchemical
work may perhaps be c. 400-425.

§ Or onpaoics.
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*OAvpTriodwpou TolU prAocdpou *AheSavdpéws els TO kT’ évépyelav Zwoipov Soa
&md ‘Eppol kal TV prhocdewv floav sipnuéva.  (B. II. 69.)

(¢) The Commentators.

The remaining writers on alchemy are merely commentators, and few,
if any, exhibit anything original. Disputes as to the meaning of the phrases of
the ancient authors occupy much of their space. The development of elaborate
analogies such as that between alchemy and music also interests them. Rhap-
sodical passages acclaiming the marvellous transformations brought about by
the art appear, while the alchemical content remains completely static. Only
when Western or Arabic alchemy came to the Greek world did a new type of
alchemical work appear. Up to the tenth century the alchemical works written
in Greek had made no advance on those of Zosimus. The knowledge of work
which was done by the Arabs in the ninth and tenth centuries did not reach
the Byzantine Greeks until a date entirely beyond our period.

The earliest commentators are sometimes interesting, but the later are a
wilderness of futile subtlety.

PrarosorHUS CHRISTIANUS.—This name is attached to a very considerable treatise.
The ¢ Sergius * to whom it is dedicated may be Sergius Resainensis, who lived in Alexandria
in the early sixth century. This date is compatible with the general character of his work,
which is undoubtedly a compilation of which probably only the first item is original. In
certain MSS. works are attributed to this philosopher which are elsewhere ascribed to
Zosimus. It seems likely that Philosophus Christianus incorporated the compilation of
Zosimus into his own work.

The following works, with the name of Christianus attached, are elsewhere attributed
to no other author :

() ToU XproTiavol Trepl eboTabelas ToU xpuocol. (B. 1I. 395.)

(B) ToU alrrol XpioTiavol Trepl ToU fefov UBartos.  (B. 11. 399.)

(y) Tis f) T@v &pxdiwv drxgwvia. (B. II. 400.)

(8) Tis 1) xx®Aov ToU USatos oikovopia. (B. 11. 401.)

(¢) *H ToU pubikolU USatos moinots.  (B. IL. 402.)

(3) AvTifeais Aéyouoa 811 TO Belov UBwp €v oTt TE idet kal 1) AUots aldriis.
(B. I1. 405.)

(n) *AAAn &mropia. T &v &PUooaiov UBwp v T &p1Budd Seikviety E6éovoa 1
ToUTov émfdvots.  (B. IL. 407.)

(8) ToU xpioTiavol alvoyts. Tis f) odtia THs Tpoketuévns ouyypagpiis. (B. II.
409.)

(1) "OT1 TeTpaydds Tis UAnNs Siaapoupévns, Sidpopor &woyivovTanr TGV Tro1foewv
ol T&Eers.  (B. I1. 409.)

(x) Tléoau eloiv af kot €lSos kal yévos Atxgopal TGV Twoioewv. (B. II. 410.)

(A) TIcds Bet voeiv alrrds kol oxfiuaot yewpetpikois. (B. II. 414.)

() Tis 1) év &mroxpUgols TV TaAaiddv Ekdi1douévn T&Eis.  (B. II. 415.)

STEPHANUS is dated by his connexion with Heraclius 610—641. His alchemical works
are entitled :

() ZTepdvou *AAe§avBpéws olkoupevikol prAocdpou kal S18aokdAou Tfis peydins
kol feps ToUTns TéXvns Tepl Xpuoomoias. mp&&is mpwTn to dvvéTn
(9 texts). (Ideler, 1I. 199.) The letter ToU a¥ToU Ztepdvou EmwioToAr
Tpds OedSwpov is inserted in the first work after the second part (Trp&Eis
Seutépa).  (Ideler, II. 208.)
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(B) ZTegdvou ToU TauueyioTou @rAocdgou kai oikoupevikoU Si18ackdAou Tpods
‘HpdrAetov Tov péyav Baoidéa Sidaokohia Tepi THs lepds kai peydAns
émoTAuns Tiis xpuoomotias. (Ideler, IT. 243.)

HeracLivus and JusTINIANUS.—The treatises attributed to Heraclius have disappeared.?
A portion of a treatise attributed to ’louoTividvos Paoidels remains, but is undoubtedly
the work of some other person.

PrirosorEUs ANoNYMUS.—This author cites Stephanus, who is undoubtedly of the
seventh century. He must be dated as of the seventh or eighth century.

() *Avemrrypdgou grdocdpou Trepi Beiou UBartos This Aeukdooews. (B. II. 421.)

(B) ToU orrol *Avemypdgou @idoodpou koatd &koloubiav ypnoews éppaivov
T Tfis XpuooTotias ouverrTuyuévov ouv Oe®d. (B. II. 424.)

(Y) *Avemyp&oou gihogdgou Trepi Tis Belas kol fepds Texviis TGOV rAocdpwv.
(B. II. 433.)

PAppUs is probably of the seventh or eighth century, as is shown by his mention of
Stephanus, and is represented by the fragment :

TTémrrou prhogdgou (Bpkosy. (B. II. 27.)

THEOPHRASTUS, HIEROTHEUS, ARCHELAUS.—These three writers of alchemical verse
are apparently of the eighth to ninth century, being cited by no earlier author, and resembling
Stephanus and his followers in their declamatory style.

OcoppdoTou QrAocdgou Tepl TRs aUTHs Oelas Téxvns Bi1&x oTixwv idpPoov.
(Ideler, II. 328. Goldschmidt, ¢bid. 34.)

‘lepoféou prAocdpou Trepl THs aUTHs Beias Kai iepd&s Téxvns dix otixwv. (Ideler,
I1. 336. Goldschmidt, ibid. 42.)

*Apxerdou prhocdou Tepl THis aUTHs iepds Téxvns S1x oTixwv iduPwv. (Ideler,
I1. 343. Goldschmidt, bid. 50.)

SarmaxNas from his style and language appears to be of the ninth to tenth century and
wrote a work MéfBoBos 81’ fis &moTeAeiTan 1| TPaIPoEdNs XAX3x KaTaokevaofeioa Tap&
ToU &v Texvoupyiq TepiPonTou "ApaPos ToU ZoApava. (B. II. 864.)

PsELLUs.—The famous Michael Psellus (1018-1078) wrote two alchemical works of no
originality and of no special interest for our theme. They were, however, of importance
as a means of spreading alchemical ideas in Western Europe.

(o) ToU YeAAoU Tpos TOV TraTpidpxnv KuptéTaTtov MixanA: mepl ToU Smreds
ToinTéov Xpuodv. (Parisinus, gr. 2328, . 10; 3027, f. 52.)

(B) ToU uaxopiou kai Tavoopou YeAhoU EmioToA) mpds TOV &yidTXTOV
Tatpidpyny TOV ZigiAivov Tepi Ypuoomoiias. (Parisinus gr. 2327, f. 1
and other MSS.) (Cat. MSS. Alch. Gr., Vol. VI1.)

Cosmas.—Probably c¢. a.p. 1000 as shown by the use of the barbarous terms
gaAévITpov, TIamapikov, pacouxdn. His work is entitled ‘Epunveia Tfis émoTAuns Tis
XpuooTrotias iepopovéyou ToU Kooud.

NicEPHORUS BLEMMYDES.—A writer of the thirteenth century and inhabitant of Con-
stantinople. Despite its late date his work does not display the characters of Western or
Arabic alchemy, but is derived from the work of Democritus and his school. It is entitled :

Niknedpou TolU BAeppudou epi xpuoomotias. (B. I1. 452.)

Axonymous Works.—In addition to the works which bear an author’s name there

7 These treatises are catalogued by Miller not to be found in the MS. itself. (E.
as existing in the MS. Y 13 of the Escurial. Miller : Catalogue des Manuscrits grecs de
Though mentioned in the list of contents I’Escurial, 1848.) (See Cat. MSS. Alch.
(copied from the old list of M. 299) they are  Grecs, Vol. V.)
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are a number of anonymous treatises and fragments. Of these a few are of interest. Certain
MSS. contain the Lexicon of Gold-making, Ae§ikdv katd oToiyeiov Tfs Xpuoomoitas (B.
II, 4), a dictionary of alchemical terminology. It is not very informative. Occasional
items such as
*AvBpoddpas goTl TrupiTns kai &poévikov.

are of value, but some of the substances are defined on the system of obscurum per
obscurius, and other definitions involve contradictory statements. Thus the term
Magnesia is explained three times in an entirely different way. A part of this Lexicon
has clearly been compiled at a late date and uninselligently, but it contains a residue of
valuable information.

A list of alchemical symbols contained in certain MSS. is of great value. The MSS.
as a rule employ symbols in place of the names of the substances employed. The list of
these covering several folios and reproduced by Berthelot (Intr. 104-120) has been of use
in interpreting the MSS.

§ 5. Substances used by Alchemists.

The Greek alchemists employed a considerable variety of substances in
their operations. Some can be identified. The first essential ingredients of
their operations are the metals, gold, silver, copper, mercury, iron, tin and
lead. These were termed ocwpaTa or true bodies, in contradistinction to
&owpaTa, substances other than metals. In addition to the substances that
we know as the metallic elements, the ccpaTta included a number with metallic
lustre formed for the most part of mixtures or alloys of true metals. Among
these were the following :

&onuov. Asemon. A lustrous alloy of varied composition, silver, copper,
tin, lead and mercury being frequent ingredients.

XpuookdpaAhos. Chrysocorallos. Apparently a superfine gold or substance more fine
than ordinary gold. Its composition is not known,
but it may have been a fine red gold-copper alloy.

KAauB1avds. Claudianos. A copper-lead alloy.

fiAexTpOV. Electrum. A gold silver alloy.

poAupdoxaAkov. Molybdochalkon. A copper lead alloy, or perhaps a metallic sulphide.

@peiyoAkov. Orichalkon. A form of brass containing copper, zinc, and perhaps
arsenic.

o1dnpdyoAkov. Siderochalkon. Presumably an alloy of copper and iron.

Besides the metals and their alloys the alchemists had at their disposal a
great number of native minerals. Many of these may be identified, such as:

S\&PaoTpos. Alabaster. Possibly also a preparation having the appear-
ance of alabaster.

oTuTrTNpPiC. Alum. Not always identical with modern alum and
possibly used as a term for arsenic.

&vBpodapas. Androdamas. Possibly arsenical pyrites.

oTiupt Antimony sulphide.

&pyvpiTns. Argyrite. Perhaps native silver sulphide or argentiferous
galena.

&poevikov. Arsenic. Certainly orpiment, yellow arsenic sulphide.

&poevikdv EavBdv. Yellow arsenic. Orpiment, as distinguished from white arsenic.

kUavos. Blue. Probably azurite, native hydrated copper car-

bonate, but possibly native hydrated copper
sulphate.



124 TAYLOR

&Apupla, &Aun. Brine. Perhaps also used figuratively for other liquids.

Kad peia, Cadmia. A product deposited in smelters’ flues, chiefly
consisting of the oxides of zine, copper and
arsenic.

yipubiov. Ceruse. White lead, but also perhaps other white sub-
stances such as arsenic trioxide.

X&AkavBos. Chalkanthos. Impure copper and iron sulphates derived from
the oxidation of pyrites.

XCAKITIS. Chalkitis. Probably the same as Chalkanthos.

XPUo KON, Chrysocolla. Apparently malachite, but also used in other
senses in these texts.

Kivv&Bapis. Cinnabar. Native mercury sulphide, but the word is also

used of realgar and perhaps red lead, which
are all similar in colour, and were imper-
fectly distinguished one from another.

Y. Earth. Earths of various kinds are used, Chian earth
being perhaps the commonest.
ids. Tos. The term has the meaning of ‘ rust’ or ‘ calx,’

and also the sense of the Latin ¢ virus.” The
use of the word is often difficult to follow.
Nb&pyupos. Litharge. This translation is doubtfully correct. The
sense in which the alchemists use the word
is that of ‘silver-producing stone,” and it is
doubtful whether lead oxide is ever intended.

&oPeoTos. Lime.
TiTavos. Limestone or chalk.
uéppapov, Marble. The word is used as a generic term for prepara-

tions resembling marble in appearance, as well
as for marble itself.

payvnoic. Magnesia. Not the modern magnesia, but usually an alloy
of the four base metals, copper, iron, lead and
tin : the sense of the word appears to be very

wide.

WiATos. Minium. A term used for red lead, realgar and cinnabar.

piou. Misy. Basic iron sulphate.

vitpov. Natron. Native soda.

OXpx. Ochre. Perhaps has the additional meanings of realgar
and cinnabar.

TupiTns. Pyrites. The term probably includes iron and copper
pyrites, galena and mispickel.

oavdapdayxn. Realgar. The modern Sandarac is a resin.

&As. Salt.

o&pl. Sori. Similar in nature to misy.

Oefov. Sulphur. The term includes not only the element sulphur,

but also similar substances such as arsenic
sulphide. The term has not, however, the
wide meaning it acquired in mediaeval times.

A host of less important and often more obscure materials were used.
These include honey, gum, milk, bile, urine and vegetable products. A complete
list extends to some five hundred items.

§ 6. Imatation of Silver.

Many alchemical recipes are concerned with the making of silver and of the
alloy &onpov. This was expected to have the brilliant metallic surface
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and general appearance of silver. Such recipes are found mainly in the earlier
texts, in particular in the Physica et Mystica of Democritus, and in the Papyri
of Leyden and Stockholm. The methods employed in the preparation of silver
or asemos fall into two groups.

(@) Processes for the whitening of copper by means of arsenic.
(b) Recipes for the melting together of such metals as would give a hard
and white alloy with a silvery lustre.

(@) The usual method of whitening copper was to coat it with some
preparation of arsenic and then to heat gently. A superficial layer of copper
arsenide is thus produced. It is white and lustrous, tarnishing to a yellow tint,
much as with silver. One recipe indicates the boiling of copper with an arsenical
solution which would whiten the copper in the manner still used in the familiar
‘ Reinsch test’ for arsenic.® These recipes can be used in the laboratory to
produce a whitish metallic substance, with some resemblance to silver. One
recipe attributed to Democritus runs as follows :

NoPaov dpoévikov oxioTov,? Toinoov TéToAar 10 B&AAe el Telyos
oTpoyyUAov kai kaUoov: dmrnvika 8¢ SiaryeAdon), !t émPaidov ydAa (TréAan)
€6oupikds TO pnkéTi péyavT Onvika 8¢ Tayf, &pov kad Asiwoov 2 peTd
orutrtnpias &nmopiBeions olpw Boapdhews fuépas 3' ki dvaEnpdvas eig
fAov, Aeiou Ay &Auny, ToU alrol dAds &vbos EmiBodie, (Exe) fiuépas 3,
kol yiveran, kad AaPov dvaghpaive TéAw eis fiAtov, ToUTo B&AAe eis Teliyos,
Eper EAaiep Kikive i papavive 13 Ews EavBov (ylyvnTon), ToUTe Emifodie 14
XOoAkov, kol AevkavBioetan. ToUto 8¢ ord Trolel kad A oowdapdyn . . .
(B. I1. 54.)

This recipe is typical and neither more nor less lucid than most. A mixture
of arsenical substances and organic matter is prepared and projected on copper.
The dilution of the arsenic with inert substances ensures slow volatilisation and
therefore protracted action on the metal, while the presence of organic matter
protects the copper from oxidation and reduces the arsenic compounds to the
elementary condition in which they are most active. The reaction of the
arsenic and copper produces a layer of the white and lustrous copper arsenide.
In certain other recipes the copper appears to have been melted with the
arsenic compounds producing a solid white alloy.

(b) The other method of preparing silver was the making of an alloy,
white in colour and fairly hard, by fusing together various metals or their

8 It is quite possible that this recipe ma; 12 Aefwoov  ‘ temper * or ‘soak.” The
p p y p

owe its success to the presence of silver or
mercury in the mixture used.

? Probably arsenic trioxide.

10 Metallic leaves or foil, presumably of
copper.

11 BixyeddoT).
here seems very doubtful.
recurs in other recipes.

The sense of &iaysAdw
The word

word has the sense of treating a solid with
a liquid.

13 These oils are probably not actual
‘castor’ and ‘radish’ oils (v. note 24).

14 The sense of the word in Greek alchemy
seems to be simply ° place upon,’ or, as the
later alchemists said, ¢ project.’
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compounds. The recipes indicate the preparation of the following alloys or
metals.

(i) Tin. Purified by methods similar to some in use at the present day,

tin is said to yield &onpov, a lustrous metal resembling silver, to
which, indeed, pure tin has some likeness.
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Fic. 3.—THESE DRAWINGS ILLUSTRATE TYPES OF APPARATUS FOR DISTILLATION AND

SUBLIMATION CLOSELY RESEMBLING THAT USED IN CHEMICAL WORK UP TO THE CLOSE OF
THE EIGHTEENTH CENTURY. (MS. PARIs, Gr. 2327, 7. 81.)

(i) A lead-silver alloy seems in one case to be indicated.
(i) A copper—zinc-tin alloy with some arsenic. This is identical with

some modern speculum metals which are white and exceedingly
lustrous.

(iv) Copper with about 1 per cent. of arsenic and a small amount of
silver. This would almost certainly be white and lustrous.
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(v) Copper—lead—iron—arsenic alloy. This would be white, but as the
quantity of lead and arsenic does not appear its properties are
doubtful.

(vi) Copper-iron-lead—silver alloy. Certainly white, since only 36 per
cent. of copper is used.

(vii) Tin with traces of copper and mercury. Probably the copper would
harden the tin and the mercury would improve its lustre.

(viii) Copper—zinc alloy with traces of arsenic and other metals. Since
only 40 per cent. of copper is present, this alloy will be white.

(ix) Copper-silver alloy (50 per cent.). This is harder and slightly less
lustrous than pure silver.

These alloys are prepared by methods which seem unnecessarily com-
plicated to us. The complication is due in part, at least, to the fact that the
alchemist had no means of judging the purity of his materials or of finding out
the composition of a satisfactory product. Small differences of composition
often profoundly modify the colour and other properties of an alloy, and a
chance success has often been attributed to the use of some inert ingredient.
The retention of such ingredients leads to the adoption of these complicated
mixtures. The making of alloys is not easy even to-day, for, during fusion,
volatilisation or oxidation removes such metals as zinc, arsenic, lead and
mercury to an extent which cannot be certainly predicted. Thus slight
variations in the conditions of fusion often alter considerably the appearance
of the product.

§ 7. Imatation of Gold.

The preparation of a gold-like substance was the main object of practical
alchemy. The problem was far more difficult than for silver. For a metal to
pass as gold it had to withstand the fairly reliable tests then available.

First of these was the test of the touchstone. The gold was rubbed on a
hard black stone and its quality judged from the colour and extent of the
streak produced. To pass this test a metal would have to resemble gold in
colour and in hardness.

Second was the test by fire. This rules out alloys of base metals, but a
slight oxidation at a high temperature was evidently not considered incom-
patible with gold. Modern jewellers’ gold will not stand prolonged heating
without change, since it always contains copper. Much native gold is also
contaminated with copper, and this would help to minimise the failure of the
artificially produced gold to satisfy the conditions of the fire test.

Third was the density test. The high density of gold cannot be imitated
by any alloy of baser metals, but although density measurements to detect
impurities in gold had been used by Archimedes in his famous experiment, it
seems unlikely that it was generally applied in the early days of alchemy.

Thus for an alchemist to believe that he had prepared gold, he would
have had to make a metal, closely resembling gold in colour and hardness, of
high density, and little affected by atmospheric action.
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The recipes for making gold fall into three well-marked classes :

(@) Manufacture of alloys analogous to brass.
(b) Preparation of debased gold.
(c) Superficial treatment of metals.

All three methods are in present use in the preparation of artificial jewellery.

(a) Manufacture of alloys analogous to brass.

Brass-like alloys, including some of the alloys of copper, tin and zinc, used
to-day under the names of ormolu, oroide, Mannheim gold, etc., were certainly
prepared by the Greek alchemists. The problem of making these was difficult,
because zine, which gives the yellow colour to brass-like alloys, was unknown as
a metal to the Greek alchemists. The alloys which contained zinc were made
by them through the medium of cadmia, an impure zinc oxide found as a deposit
in the flues of smelting furnaces. This cadmia was of inconstant composition,
varying with the nature of the ore from which it was derived. Such variation
makes successful results hard to reproduce, since small changes in the proportion
of zinc have a considerable effect on the colour of the resulting alloys. More-
over, the volatility of the zinc yielded by the cadmia would be an additional
source of difficulty.

Many alloys thus produced do not admit of certain identification; the
following, however, appear to have been made by these recipes.

(i) Complex copper-tin—lead—-iron alloys. These are yellow if the
proportion of copper be sufficient.

(i) Copper amalgam. The amalgam containing 13 per cent. mercury is
used for artificial jewellery at the present date.

(ii1) Copper-zinc alloys containing traces of other metals. These have a
good golden colour when about 20 per cent. of zinc is present, and
are known at the present time as Dutch metal, Mannhevm gold,
pinchbeck, ete.

(iv) Copper—silver-lead alloys.

(v) Copper—tin-lead alloys.

As an example of this type of recipe I quote the following, which is less
complicated than many :

Democritus Physica et Mystica. (B. I1. 44.)

To KAawBiowdy 15 AaPcov, Troiel pdpuopov ¥ kai oikovduer ds Efos, s
EavBov yévnTan. ZdvBwoov olv: o¥ TV Alfov Aédyw &AA& TO ToU Aiflou
xpnotpov: EavBwoes? 8¢ peta oTumTnpias ékonmTwleions Beiw, i dpoe-
vikw, fi cavBapdyn, fi TITdvw, fi ds Emvoels.  Kad é&v EmPEAATS &pyUpw,
Trotels Xpuody: E&w 8¢ xpuod, Troiels XpuookoyXUAlov® | y&p @UOIS THY PUOLY
VIK@ox KpaTel.

15 Copper-lead alloy or perhaps a bronze very clear. Most of the substances used

containing lead. are arsenical : otumrnpix is evidently used
16 A marble-like white preparation. in the sense of ‘arsenic’ by some of the
17 The nature of the yellowing is not alchemists.
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The ¢ gold’ made by this process was a copper—silver-lead alloy possibly
containing arsenic also. No modern information is available concerning such
alloys, but there is a strong probability that they would be yellow.

(b) Preparation of debased gold.

The second type of recipe for making gold employs a considerable quantity
of the metal. Such methods are called by the Greek alchemists SitrAwats, <.e.
a doubling of the weight of gold. They depend mostly on the fact that, while
silver gives a greenish and copper a reddish colour to gold, the admixture of
both copper and silver hardly alters the tint of true gold. The alchemist did
not regard himself as in any way falsifying gold, but rather believed that the
gold acted as a seed which, nourished by the copper and silver, grew at their
expense until the whole mass became gold.

Such alloys are fairly easy to make, but need a considerable outlay of gold.
They were thus less sought after by alchemists than alloys formed with a larger
proportion of the less costly base metals.

The recipes describe the preparation of alloys of the following types, some
of which are to-day legalised on the Continent just as are 18-carat gold and other
gold—copper alloys in this country.

(i) Gold—copper alloys with small quantities of other metals, notably
zinc and arsenic. This corresponds to our modern 14-18-carat
gold, possibly made somewhat lighter in colour by the presence
of zine.

(ii) Gold—copper-silver alloys, similar to the above but reproducing the
colour of pure gold more closely.

(iii) Alloys containing much copper and some silver and gold. The yellow
colour of these derives chiefly from the copper, and the addition
of precious metal prevents the alloy from tarnishing readily.

The following example of these methods may be given (B. IL. 39):

XoAkoU kekaupévou pépn Tpiar ypuooU pépos o', Xveuoov kai érri-
Poe &poevikdy kaloov,!® kai ebpnoers Bputrtéy.  Elta Aclwoov &€ar fuépas
3 &v N elTa Enpdvas, xwveuoov &pyupov kai yeddoav: 10 11 (?) EPode
&k ToUTou ToU ouvBépaTos, kai eUpnioels Tov &pyupov @s fAekTpov.2? TolTto
fow oUpmbov xpuody, kai ESes EPpuzov kaAdv.

The final product would be roughly gold 60 per cent., copper 20 per cent.,
silver 20 per cent., although the silver might form a greater proportion of the
alloy than this. The colour of such an alloy would very closely resemble that
of pure gold. The word &Bpuzov may mean ‘Gold judged good by the
touchstone,” the original meaning of 8Bpuza being ‘ a touchstone.’

18 Probably most of the arsenic is volatil- 20 The product would not be true elec-
ised and a very base gold copper alloy is trum, but the yellow copper-silver alloy
produced. improved in appearance by the gold.

19 Berthelot reads yeAdoavT: (see note 11).
J.H.S.—VOL. L. K
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(c) Superficial treatment of metals.

The third type of recipe used for the making of gold operated on the metal
superficially. These superficial treatments were hardly regarded as a true
making of gold, and as a rule the word kataPagr and not moinois is used to
describe them. These methods also find their counterpart in modern practices.
Then as now three chief methods of colouring metals were employed.

(i) Coating the metal with a tinted lacquer composed of gums, etec., as
brass is treated to-day.

(1) Tinting the metal with solutions which form a thin superficial layer

of sulphides.

(ii1) Treating debased gold by removing the base metal from the surface
by corrosive substances such as the sulphur trioxide derived from
the calcination of the sulphates of iron and copper known as
piou and o@pir. This leaves a layer of fairly pure gold on the
surface. At the present day, nitric acid is used instead of the
sulphates.

The following appears to be a recipe for a process of the third type:

Democritus, Physica et Mystica (B. II. 46).

XpuocdkoMav Ty TV Mokeddvwv Thv 16 xoAkoU Tapeupépoucav
oikovouel Aeidv oUpw Sapdiews Ews ékoTpodt] 1| Y&p QuUois Eow KpUTTTETAI.
’E&v olv &koTpagf] kar&PBoyov althv eis EAaiov kikivov TToAA&KIS TTUpGdY Ko
P&mrTwy: elta 805 dmT&ofon oUv oTUuTTnpig TpoAesiwoas pioul, fi Beico
&Upw Toiel EavBov kai EmiPatrTe &Y odpa ypuool.

Apparently base gold or gold-like alloys ¢ c@ua ypucoU’ are to be treated
with misy, alum, sulphur, etc. which attack base metal, but leave gold
unaffected.

The following recipe appears to deal with the tinting of a metal by means
of a layer of lacquer, coloured by various plant juices, to be applied to the
surface of polished metal. (B. II. 48.)

AéEon kpdrov KiIAikiov: &ves Gua &vln ToU kpdkou TG TpoTayEvTl XUAGD
Tfis &uréAou, Troiel Jwpdv ds Ebost BamrTe &pyupov ék TeT&AwY Ews &péoT)
TO Xpluar édv 8¢ xdAkeov TO TéTahov EoTan, PEATIOV. Trpok&Baipe §€ TOV
xaAkov s €6os.  Elta Baddv &pioTohoyias Potdvns uépn P’, kad kpdkou
kol EAuBpiou? T6 BimAolv, Toiel Tayos KNpwTHs Kal xpicas TO TéTaAov,
&mrepydzov TH TpWTH dywyd kol Saupdoers.

§ 8. Alchemical Apparatus and its use.

Lines such as have been indicated give a reasonable explanation of those
recipes which contain definite instructions for the making or colouring of a
metal. Only a small part of Greek alchemical texts, however, consist of such
recipes, which are, in fact, confined to the Democritan school of alchemical
practice. Long sections of the other alchemists’ works deal with the prepar-

21 Mentioned as a yellow dye-stuff (Lagercrantz : P. Holm, p. 191).
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ation of the divine or sulphurous water, fefov U8wp, the use and nature of which
is obscure. There was controversy among the alchemists themselves as to its
nature. Some held it to be mercury. In one or two descriptions it seems to
be a solution of a polysulphide of calcium made by the action of sulphur and
arsenic sulphide on lime. A third school treat it as a generic term for all
liquids useful in the work. The issue is clouded by the homonymy practised
by the alchemists, who give many names to the substances most important
in their art.

I quote a typical passage dealing with this divine water :

Zosimus : Tlepi Oelouv UBartos. (B. II. 184.)

Kaheiton USwp Oelov &1° &Apns, 81k Udaros BoAaooiou, Si&k oUpou
&pBopou, 81 8Eous, B1° dE&AuNs, &1’ EAaiov kikivou, pepavikou, PoAcéuov,
YSEACKTOS YUvaikds &ppevoTokov, Kai y&AakTos Pods peAaivns, kal 81° oUpou
Sopdhews, ki TpoPdTou OnAsiast Tivés oUpou dveiour AAor kol USarros
doPéoTov, kal popudpou, kol QékAns, kal Beiov, kol &poevikov, kol oavda-
p&xms, kai viTpov, kal oTuTTTnpics ox1oTHs, ki ydAakTos TTéAw dvelou, kad
aiyeiov, kal kuvivou, kai USaTos omroBokp&upns, kad 8AAwv US&Twv &mrd
oTro8oU ywouévwy: &AAol kai péAiTos, ki d§upéArTos, kai 8Eous, kail viTpou,
kai USatos depiov, kai Neidou, kai &pxTou, kai oivou &unvaiou, kal poiTol,
Kai popiTou, kai oikepiTou kad 3UBour kai fva pf) T& TévTa &vaywdokw
B1& v Tds Uypol.

From such a passage as this, which is typical of many others, it is well-
nigh impossible to deduce anything concerning the nature of this ¢ divine
water.” It may mean that the  divine water ’ is given all these names, or
perhaps, as the other passages hint, that the ¢ divine water ’ is a term for all
liquids used in °the work.” The recipes which employ the °divine water’
seem to indicate that it had the power of dissolving or disintegrating the
substances used in the art, and that it had also the property of colouring
metals. It was evidently also a volatile substance, or at any rate one which
produced a gas or vapour which attacked metals. Both mercury and solutions
of easily hydrolysed sulphides have this power in some degree, and it is fairly
certain that sometimes at least the term refers to these.

The Marian school is especially concerned with this ¢ divine water,” which
takes an unimportant part in the Democritan school. The Marian school, of
which Zosimus is the most important representative, sets out methods of
operation which, while obscure, are yet consistent. The prime material operated
on is not as a rule disclosed, but when revealed appears as copper or the alloy
of the four base metals known as the Tetpoodma. This is treated in a peculiar
form of apparatus, the invention of Mary, which to some extent resembled the
modern reflux extractor (Figs. 4, 6), by exposure to the vapour and condensed
liquid derived from boiling ¢ divine water,” mercury, sulphur or arsenic sulphides.
It must be remembered that these substances may be used, in accordance with
alchemical custom, as covering names for some analogous substances the nature
of which the authors wished to conceal from all but the initiated. The con-
densed liquid, together with any fused or dissolved products of its interaction
with the copper, dropped back into the lower part of the apparatus and was

K2
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there volatilised afresh. We are told that this process led progressively and
continuously to a blackening, whitening and yellow coloration of the contents
of the apparatus. Then followed a process called ‘ iosis,” of the nature of which
no reasonable explanation can be given, though the alchemists regarded it as
of high importance.2

The apparatus used is illustrated by several sketches in the MSS., of which
two are reproduced here (Figs. 4, 6), but the theories which have been put
forward to explain the use of the apparatus, and, indeed, the whole process
outlined above, are not satisfactory. Two views of it appear from the chemical
standpoint to represent possible methods of procedure.

The first is based on the fact that the alloy of copper and mercury con-
taining 13 per cent. of mercury is of a golden tint. It is occasionally used at
the present time for artificial gold. This alloy is not easy to prepare by the
direct mixture of mercury with melted copper, for the high temperature of the
latter volatilises the mercury. Nor does the direct action of mercury on
copper produce it, for a mixture of unchanged copper and the silvery amalgam
of copper containing much more mercury than 13 per cent. is produced.

The process used by the alchemist was probably the following :—Mercury
was placed in the lower part of an apparatus such as Fig. 4 or 6,2 and copper
or an alloy containing much copper on the knpoTaxis or ¢ palette’ (P) in the
upper part. The mercury being heated from below, boiled and condensed on
the cups (piéAn) and on the copper, which was disintegrated and finally
dissolved. Impurities (oxides, etc.) remained on the xnpoTakis or on the sieve-
like diaphragm below, while a pure copper amalgam collected in the lower
part of the apparatus (&yyos doTpdxivov), into which the droppings from the
kerotakis fell. The copper blackened during the process as a result of oxidation.
The white amalgam formed contained much more mercury than the yellow
gold-like amalgam which was required; and continued and steady heating
caused the mercury to be volatilised from this and to escape by leakage or by
diffusion through the porous earthenware until the required alloy was produced.

Evidence is to be found in the texts to support this view of the process,
but it was not the only purpose for which the apparatus was employed, for it
was probably used as a sublimation apparatus of the type of the aludel, and
also for the treatment of metals with sulphur. The process of making copper
amalgam of suitable composition must have been far from easy, and indeed the
alchemists who employ the xnpoTaxis give the impression of dealing with a

22 The meaning °violet coloration ’
seems improbable. A.J.Hopkins, Chemical
News, Vol. 85, p. 49, upholds the view that
this process was the formation of a purple
bronze similar to the Japanese shaku-do.
This theory, though explaining the meaning
of ‘iosis’ in a reasonable manner, seems
inconsistent with the processes that pre-
cede this operation. Conceivably °iosis’
may be the final removal of the 70os or tar-
nish formed on the surface of the metal.

2 The figures are copies of those in the

MS. of St. Mark, folios 112, 193, 196; Figs.
4 and 6 represent the same type of appara-
tus, the globular lower portion of Fig. 4
being probably some form of heating appara-
tus. Several other sketches are reproduced
in Berthelot’s Introduction & Uétude de la
Chimie des Anciens et du Moyen-dge. Figs.
5 and 7 represent reconstructions of the
apparatus of Figs. 4 and 6, based on the
figures contained in the MSS. and the
descriptions in the text.
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most difficult problem. The author is aware of no other chemical process
which is consistent with the descriptions, and could at the same time give the
continuous blackening, whitening and yellowing which is so strongly emphasised
by all the authors. The explanation given above is at least consistent with
the two great maxims which run through so much of the alchemical literature.

Metd THv ToU xoAkoU é€iwotv kad péhavotv kad & UoTepov AeUkwoly,
TéTe EoTon PePaia §Eavbwois. (Agathodaemon Aiviypa) (B. II. 115.) After
the refinement of copper and its blackening and its later whitening, then will take
place the solid yellowing.

’Edv pf) TX 0W0paTa AOWHPXTWOTS Kal oWUATA CWUAT®oTs oUdty T
Trpoocdokwuevov Eoton. (B. ILI. 115.) (Hermes.) °If you do not disembody
the bodies and embody the things without body, nothing which is expected will take
place’

ONDENSING
COVERS

RECEPTACLE
FOR
BOILING LIQUID

Fi6. 7.—CoNJECTURAL RESTORATION OF THE RouND ForM OF KEROTAKIS, AS SHOWN
N Fia. 6.

The last is clear enough if we remember that odpora has the meaning
¢ metallic bodies,” and &odparta substances without metallic properties. Thus
the meaning is, ‘ If you do not bring the metals to a non-metallic condition
and then back to a metallic condition, nothing which is expected will take place.’

Consistent with the latter maxim is the method of treating metals with
sulphur practised by the alchemist Mary. She employed the kerotakis type of
apparatus for the treatment of metals with sulphur or with arsenic sulphide.
The mode of procedure in such a case would be similar, the sulphur or arsenic
sulphide being placed in the lower half of the receptacle. The metals on the
kerotakis would be converted into sulphides which might dissolve in the melted
condensed sulphur and be carried into the lower half of the apparatus. The
black mixture of sulphides and unchanged sulphur collecting in this lower
receptacle would then be the ‘black lead’ or scoria of Mary, which is said
to collect in the ‘ Hades’ or lower part of the apparatus. This  black lead’
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when heated in air with  oil of soda * or other flux could be reduced by a pyritic
smelt to an alloy of the metals originally placed on the kerotakis. The process
is quite a possible one and consistent with the texts, but the object of such a
complex method of preparing an alloy may seem obscure. It may be that
the difficulties mentioned on p. 128 prevented the use of simple melting of the
metals, or again the sulphur and arsenic retained in this process may have
favourably influenced the colour of the product. Colours are observed on
¢ blister * copper, as made to-day by a pyritic smelt which may have suggested
the iosis’ or violet coloration already mentioned as a problem.

In addition to the kerotakis and the simple aludel for sublimation, the
MSS. contain numerous sketches of distillation apparatus.

The eighth figure represents a drawing from the Codex Marcianus 299 and

F16. 9.—RECONSTRUCTION OF THE DISTILLATION APPARATUS OF Fig. 8.

a conjectural reconstruction. The drawing shows a type of apparatus used
for distillation, which is very similar to that employed to-day. The globe
marked Bfikos must have been luted into the funnel-shaped tube which sur-
rounds it, but in all other respects the apparatus as figured appears to be prac-
tical and well designed. The value of the apparatus to the alchemists is not
clear. They appear to have distilled sulphur from it and to have obtained
liquids which they called #cuov kikivov and pagdvivov, and to have used
these in the colouring and treatment of metals. No liquid products except
melted sulphur can be obtained by distilling sulphur, or any mixture of sulphur
and a mineral substance. A theory has been propounded that these oils were
in fact melted sulphur, but this liquid would solidify in a few minutes or seconds
to a mass of monoclinic or plastic sulphur. Perhaps the word  sulphur ’ was
used in a wider sense, or again sulphur may have been distilled with vegetable
oils, so forming sulphur-substituted organic liquids which would have the
effect of tinting metals by formation of a layer of sulphide as is described in
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the Democritean recipes.* Doubtless mercury was also distilled from the
apparatus, though there is no definite statement to this effect.

A reading of the work of the alchemists will often lead to a consideration
of a totally different conception of alchemy to that which we have put forward.
In many passages the practical element is replaced by mystical and religious
matters, and it has been thought that some alchemists were not seeking to
make gold at all or indeed any other substance. No one can read the works
of Democritus or Mary without feeling that they are practical metallurgical
efforts undertaken with a definite purpose, even though mystical and religious
elements are present. But the texts of Comarius, the visions of Zosimus,
and parts of the work of later authors suggest that these men were not really
interested in making gold and were not in fact talking about real gold at all.
The practical chemist examining these works feels like a builder who should
try to get practical information from a work on Freemasonry.

Alchemy always contains some elements of the mystical and symbolic.
The puzzle is that the practical content of alchemy, which is the treatment and
manufacture of metals, affords no evident reason or justification for the mystical
atmosphere with which the subject has always been surrounded. The mystical
side of alchemy seems of an antiquity at least equal to that of the practical,
nor does its obscurity make it less important for an understanding of the subject.
The representation of metals by planetary symbols, the symbols of the philo-
sophic egg, and of the serpent, and numerous references to Jewish, Egyptian
and Gnostic beliefs all go to show that alchemy had a spiritual significance as
well as a practical utility.

Gold has always been of importance in religious symbolism. The comparison
of its burnished brilliance to the sun was no recondite step. Thus at an early
date each of the other six metals was connected with one of the planets. The
heavenly bodies thus gave a religious significance to the somata. With the
metals equipped with the astrological qualities the alchemist passes from the
Lesser to the Greater World, to the ‘ Great Work * which is the aim of every
mystical system.2 F. SeErwooD TAYLOR.
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