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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
Houtished as a living science and creed for seventeen centuries. The earliest
‘aichemical 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
Ior the philosophers of the Byzantine age. Alchemy was then no mere by-way
of thought, but one of the major departments of knowladge.
~ The alchemical writings have affinities with other contemporary works,
1t is, therefore, well to decide on the meaning we shall attach to the word
Alchemy before discussing its methods and origm, In the forms &Ayepia,
@Axnula, ete. the word first appears subsequent to the date at which the most
important Greek alchemica] texts were composed. These texts themselves
usually refer to their subject as ° The Wark,” “ The divine and sacred Art,” © The
making of gold,” and but rarely use the much-discussed word XMHia, yupeic,
f';‘ff'f-'ébc., which has since entered our vocabulary as Gﬁemiszry.
. Alchemy und Chemistry were, of course, distinguished from each other
only at a late date. The derivation of chemistry from aichemy should not lead
- U8 %0 assme that the alchemy of Greek times could correchly be called chemistry.
Certain substunces may have heen 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 motallurgy or dyeing. Alchemy is distin-
guished from metallurgy, not by a scientific spirit, but rather by its special-
sation on a particular metallurgical problem and its exaltation of that problem
% a matter of more than material significance, The conception of rigidly
qi_eﬁﬂe(i chemigal individuality could not be in existence in the early days of
Hchemy. On the old theory all matter was made up of mixtures in varying
, 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 pra.ctmal 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 eourse
of the alchemical processes, which include multifarious fusions, sublimationg
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 ori
metals. Thig 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 gemi-religious and mystical tone, especially of the later works,
consorts 11 with the spirt of the seeker of mches.

Thie rehglous atmosphere is present in a.lmost all the alchemical texts and

rehglous element in Greek alchemical works links them fto Hgypt ra.ther
than to Greece. The deeply religious nature of the Egypfian seems to
malke 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 kmowledge, once possessed by the priests of Fgypt, 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 maller 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 wrole in thelr names, paralysed research along new
lines. Under the Arabs rose the second wave of alchemical progress, leading
In a ghort 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 o
mediaeval manuseripts 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.D.,
and form part of a collection probably emanating from s tomb.! One contains
magicel incantations of a fairly early gnostic character. In the same papyrus
is a list of 37 names of plants, minerals, etc., together with their mystical or
sacred names. This synonymy is of interest in view of the alehemical practice
of giving many names o the same substance. Two fragmentary metallurgical
recipes occur also in this papyrus, afficming 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 reeipes, 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. Thig is, therefore, one
of the earliest portions of & text of Dioscorides that we possess.2 Some of the
metaliurgical recipes are of great inferest 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 seript, and by their format. The authors
cited in them are ‘ Democritus,” Phimenas, Anaxilaus and ¢ Aphrildenos.? 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 litile
help in dating. The age of Anaxilaus is also doubtful. Aphrikianos, howover, i very
probably Julius Sextus Africanus, who lived at the beginning of the third century A.D.
This would be in agreement with the dating arrived at from the other sources mentiomned.

Of somewhat less alchemical interest than the Leyden papyrus, though
important on other grounds, is the papyrus of Stockholm, of aboul the same
date and character as those at Leyden. It contains 152 recipes, § 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 kmown. 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
manuseripts shows that Byzantine alchemy was quite static.

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

! This collection wae acquired by the Government in 1828. _
Fheva]ier d’Anastasi, Swedish vice-consul ? See C. Singer, * Herbal in Antiguity,’
n Egypt at the beginning of the nineteenth  J.H.S., xlvii. p. 22.
century, and was purchased hy the Dutch :
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fine M3, at Venice (Marcianus 299) is of the tenth or eleventh century.
manuseript at Paris which we shall call the first Paris MS. (Paris. gr. 2325) is
the thirteenth century. Another Paris MS. which we shall call zhe sec
Puris M. is of the fifteenth century (Paris. gr. 2327). Tt is & fuller copy of |
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e, 1.—TAaz SErrENT f OUROBOROS ' WAS 4 SYMEOL DENOTING AT ONUE THE UNITi
oF MarTER, AWD THE ‘CIRCULATORY ' TYPE OF ALOEEMICAT, PROCESS PRACTISED
Cerpramwy TYrES orF ALCHEMICAT APPARATUS, (MS. Paris, Gr. 2327, ¥. 196.)

first Paris MS, These three MSS, contain almost all the surviving alchemical o=
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 whi
cannot have been written earlier than A.D. 1000, nor perhaps later thar
A.D. 1300. The methods and spirit of these are allied to mediaeval Western
rather than to early Greek alchemy. They are therefore more convenicntl
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studied in connexion with the alchemy of the Middle Ages. Among these are
a recently discovered Codex at Holkhum 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 Brilish Isles, France, Italy, Madrid and Athens have
Leen adequately described and catalogued. Those of Central Europe have not yet been
systematically treated. In the libraries of Leyden, Vienna, Munich, Wolfenbittel, Breslau
and Altenburg there are Gresk alchernical manuscripts, which, however, do not seera to
contain anything of importance not found in the three primary MSS, at Venice and Paris.

Of the secondary MSS. s useful study has been made by Kopp. The contents of the
primary MSS. have been transcrilied by Berthelot, Ideler, Ruelle and others. The edition
of Berthelot contains, in great confusion, the major part of the known Greek alchemijcal
texts.  His transeription is based, for the most part, ou the second Paris M., collated
with several secondary MSS. Berthelot has translated most of the texts, but his inter-
pretaticn 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 Teats.

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

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

Demoeritus Eugenius Pammenes
Isis Comarius Chymes
Tamblichus Cleopatra Pibechius
Moses Maria Petasiug
Ostanes Hermes
“ Chruth ™ Agathodaemon

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

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

Philosophus Christianus Pappus Psellus

Stephanus Theophrastus Cosmas
Heraclius Hierothens  Nieephorus Blemmydes
- Justinianus Archelaus

Philosophus Anonymus  Saimanas

? No attempt is here mads to distinguish  texts have been falssly atiributed.
botwewn genuine authors and those to whom
JH.8,—VOL. L. I
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(d) The recently catalogued M3S. of Italy, Spain and Athens have revealed
o, number of late texts, the translators or authors of which may be
dated as laber 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 cxhibit Arabian influence except through their

Western originals. These late authors include:

“Piucbwy Teravopipiaa (PriavéPe) (Arnaldus de Villanova)
* ApTépTOS GEOKTOVIKOS (Albertus Teutonicus) _
Comes de Santa Fiore

Luciatus

(e) A wvery lale list, contained in & MS. at Athens copied 1n 1804, refers.-
to Dioscorides, Thendorus Magistrianus and J acobus Cabidarius ag

alohernists. 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 ate gharply divided into two schools, to -
which we add an indefinite appendage or third school:

(1) The followers vf Democritus.—These carry out their alehemical wor
by superficial colourings of metals and by the preparation of alloy
by fusion. The Democritan school includes Isis, Tamblichu
Moses, Ostanes and Eugenius. i

(ii) The school typified by Maria and Comarius.—These employ complex.
apparatus for distillation and sublimation. The Marian school
sneludes also Hermes and Cleopatra. Agathodaemon, of whose:
works fragments only survive, probebly also belongs here. To this
school Western alchemy and, indirectly, modern chemistry owe:
some debb. This is acknowledged in the common modern labor-
atory device known as the bawn-marie, and in the design of our
distillation apparatus. The title balneum mariae scoms t0 occur
fiest 1 the works of Arnald of Villanova (fourteenth cenfury). -

(i1i) Frogments. There remain a number of authors of unquestioned early

date whose works are lost or survive only in teo fragmentary &
siabe for us o determine their affinities. To this group must be
relegated Pammenes, Chymes, Pibechios and Petasius. |

{i) The followers of Democritus.

DeMocrrTUs (PsEuno-DeMocrirys).-—The mention of this author in one of the Teyder
Papyri places him before 6. 4.D. 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 o
the pseudonym of the writer of the existing Lreatises. The reforenco of Pliny o th
Chiroemeta of Democritus shows that a collecticn of recipes for some kind of mar rellots
manipulativns, attributed to that philosopher but doubtless the work of a much later author

was in existence in the first century A.D. ) :
The term Xeipéunta in the sense of ¢ artificial substances ’ i3 applicable to the Physi
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et Mystica, the most important work of the alechemist Democritus. 1t is in this sense that
the adjective xeipéxunTos is used hy Aristotle {Meteor., 2. 1. 8).

It is, then, possible that this Democritan work. of Pliny is identical with the alchemical
Physica et Mystvea Democriti which we possess or with the older portions of it. The Physica
et Mystiea 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 ef Mystica suggest that it is coneiderably 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 sucocssors. 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 iz due rather to
our ipnorance of the nature of the comstituents than to deliberate concealment or to a
mystical or symbolic terminology. The methods advocated by Demoeritus and his
foilowers include the preparation of alloys and the superficial eoloration 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 proparing gold.

The works astributed to Democritus arve :

(o) Quoka kel puoTiké., (B, TL p. 41, 149, 22.)¢
(B} Anuorpitou PipAes ¢ mposewvneica Acukinme. (B. I pp. 53-56.)

A Syriac version of the Physica ef Mystica exists and was probably & means of trens-
mitting the knowledge of Greek alchemical processes to the Moglem world.

Isie. -The character of the mythology of the interesting text bearing the name of Isis
assigns it to the eatlier perfod of Gnostic beliefs. The text exists in two forms differiug in
the mythological part but identical in their alchemical content. The alchemical matter is
vonsistent with a date near to Democritns. This text ulso probahly dates from the first
century. The title of the work is:

"l TmoogTiTis T Uid autfis. (B. IL pp. 28-33.)

Tammrrorus.—That this author is not identical with the well-known writer Tamblichus
mey be inferred from a consideration of his style und thought. The alchemical matter is
somewhat more advanced in type than that of Demoeritus, the influence of whose work ig
noficeable. An attribution to the second or third century seems rcosonable.

{«} ’lapPhixov kxaTaPagd. (B. I, 285.)
(B} “lapPhiyxou troinets. (B. IL 286,)
{y) Xpuool Troineis. (B. IL. 287.)

{8) Xpuool SimAiwois. (B. I1. 287.)

Mosgs.—The opening passage of the considerable work (3) attributed to this anthor
is & somewhat altered version of Exodus xxxi. 2-5. This suggesls an wttribution 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, nnd the works were prroba.bly- written at some period of the first or second centuries.

(o) Moootas Bfmacoois. (B. II. p. 38, 13-29, 4.}
(P} Edmola kel sbmuyia Tolf kTicoufvou kai
fmTuyia kauaTov kol paxpoyxpovia Blov. (B. IV. p. 300-315.)

Osraxgs,—The name was probabl y. 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),
12
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is mentioned by Zosimus as an author of some antiquity, but there is no proof that he had
the anthor of this treatise in mind. The character of the work is such that it may he of the -
firat two centuries of the Christian era.

‘Cotévou pidocdpou mpds Metaoiov Tepi THg fepls TeiTns kel fefos Thwns.
(B. I1. 261.)

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

Etyeviou BimAwers. (B. IL 39.)

{ii) The School typified by Maria and Comarius.

Manta, also called Mary the Jowess, must be one uf 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 ean hardly be later than the first century s.0. Unfortunately they -
survive only in quotations. Her Jowish origin is confirmed by the quotation (B. IL. 103)

M7 BéAe woiay yepoivt oUk el yévous *ABpaaiou . .

Her works are freely quoted by Zosimus and other authors. She appears from these
to have been quite the most remarkable of the ancient alehemists. She appears in these -
guoialions us the originator of the major part of the processes used by the Greek alchemists,
The elaborate ‘ kerotakis’ apparatus (p. 132 f1.). the hot-ash bath, the dung-hed and the
water-bath (bain-maric) are all apparently her inventions or discoveries, while it appears
likely that she perfected the apparatus for distillation of liguids (p. 136)in a form so efficient
as to have suiffered 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 usc 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. TDemacritus and Maria must hold the first place as practical slchemists,

The work of the other alchemists is in al! prohability merely the performance of vari-
ations of the processes invented by these authors.

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

Kopapiou pihoodpou dpyepéurs Bibdorevrog
Thv KAeomarpay Thv Belav xad fepiw Téxvnv
ToU AlfBou Thjs prhcgopias. (B, T1. 289.)

CrEorPATRA.~—Three treatises survive. The Chrysopoeia consists only of a page of
symbols and drawings reproduced on p. 117. The title of the treatisc mentioned nnder
Gomarius, and also internal evidence of Cleopatra's treatise, indieate a first-century date.
The symbols and drawings of figures are probably the earliest drawings that we have of
chemical apparatus. ‘A dialoguc of Cleopatra and the philosophers’ exists in a mutilated
form; it is probably of the same date as the ahove treatises, but cannot be attributed to.
Cleopatra.

(o) ’Ex T&v Kheomwdrpos mapl 1éTpoov kol orabubv. (Hultsoh: Metrologicorunt
" scriptorum reliquiae. Lipsiae, 1864, L. 253.)

(B) Kheomérrpns ypuooroia. (Figures only, no text.) (B.IL 132.)

{y) Aidhoyos pidcodpwy xai Khcomdrpos. (B. IL 290. Included under the

same title with the dialogue of Comarius and Cleopatra.)

HerwES~—The name is attached to thres fragments. These are uﬁrélat-ed in style.

® von Hammer Jensen : D¢ dlteste Alchimie. Copenhagen, 1921,



A SURVEY OF GREEK ALCHEMY 117

and matter to the mystical works bearing tho name of Ilermes Trismegistus, but are con-
ceivably derived from some of the priestly works attributed to Hermes-Thoth and men-
tioned by Clement of Alexandris,. Many other fragments are scattered through the works
of Zosimus and later commentatars.

a} “Epuo¥ rpioueyiorou 8pyavov. (B, I, p. 23, 817,
PIoLEy oy P

{B) Afviypa (*E&w pj - foran). (B. I1. 115, 10.)

{r} Alviyua Tol prrooopixol Alfoy. (B. IL. 267, 16-288, 2.

1«:?x'&u"rm:rr;-1cx-r-r,rn'rrﬂ1ia_

F16. 2.—THE CERYSOPOEA O (LEOPATRA.

The emblem in the left hand top corner encloses the aphorisms : "Ev 1é wiv xed 51 ofrrod
TS WEY kad el eirrd 14 waEw kad o Wi Exor T iy obBEy oTw TH OV : and : "Bt domuv & Sois & ywy Tov
Wy uetdx 80 ouvBipara.  On the right of this emblem are aymbols of which the meening iy
doubtful. Below these is. a siil] with two condensing arms {cf. Fig. 8) and on the left
the serpent Quroboros with the inscription: & 16 m&v. Above the serpent are skefehes
nsirating a piece of pparatus of the kerotakis type, used for the fization of metals.
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AGATHODAEMON.—A deity of that name was worshipped in Greece and ¥Egypt in
copnexion 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 &
connexion with these texts. Olympiodorus {early fifth century) doubted whether Agatho-
daemon were © an anecient philosopher in Egypt or a mystic angel, or a good genius (dryafov
Safpova) of the Egyptians.’ _ _

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

(«) An sphorism without title (MeT&x THv - fdviwors). (B. 1L 115, 7.)
(B) *Ayafobafuwv ey oV Xpropdv : *Opetws guvaywy) kai brépvnua, (B. 1L
268, 3-271, 25.)

(i) Fragments,

CErerE.—A MS. (Paris. gr. 2314) contains an unedited text entitled “EPpeois &k Tfis
XuHoTikfjs PifAov Tis xpvoomarfias (sic) THs XpU8 kal ToU dpetws (sic) Kol rhcomdTpas.
The text is late (probably ninth century), and the name ¥pG6 may be a copyist’s error.
The name is placed here on account of its assceiation with Cleopatra.

JoHANKES,—* 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 Demoacritus dates from the
seventh century.

The character of the work attribited to Johannes makes it certain thad 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 applcation of Lhe title itself to this work seems to be
an error on the part of Berthelot as editor.

The work attributed to him is entitled :

*lwdvvau *Apxiepées ToU #v *EPeryie mepl Tis felog TEyvns. (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 menticned by Olympiodorus (fifth century). Nome of his
works survives.

Cayaes is mentioned as an ancient author by Zosimus, and a few guotations from his
works are found in the treatise of Olympicdorus, 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. .

PreEcHIOS.—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,
donbtiul.

PETES:S or PErasivs.—The name Petesis (BEgyptian = Gift of Isie; in Greek, Teidoros)
is perhaps that of a real person. The treatise of Olympiodorus (c. 400) is addressed * to
Petasing, king of Armenia.’ The latter title has, however, probahly been added at a later
period. Tlis trealige, 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 hy Zosimue as a contemporary of Hermes. The quotations from his works.
ghow him to have been of the schoul of Cowmarius and Mary.

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

~ The work of Zosinus, like that of a few authors to he olassed with him, is distinguished
from that of the earliest authors by its character as commentary. Zosimus i3 prohahl
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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.

Arricanys.—The first alchemical author who can be dated with any degree of accuracy
is Africapus. He is almost certainly identical with Julins Sextus Africanus who died in
AD, 232, Scanty remeins of his alchemical writings survive in quotations in the works
of Zosimus and Olympiodorus. They are not unlike those of Zosimus,

Zosmos.—Suidas mentions that Zosimus and Theosehein wrote a work Chedrokmeta
(cp. Pliny on Demoeritus), a Chemical Eneyclopaedia 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 earty anthors, and also Africanus, who died in 4.p. 282,
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 probahle. He iz not identieal with
Zostrous bhe historian.

Zogimus produced several works on alchemy and also & collection of some of the
alchemical works extant in his time. A part of this collection survives. Zosimus i3 heir
to the ideas of Mary and Cleopatrs. He bad some tineture 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 fovllowing are attributed to him :

o) Zewoiuov Tol Bsiou mepl dpeTfic (pigis o). (B. T1.107))
) Zdbouos Aye Tept Tfis dopsorov.  (B. 11. 113.)
Zooos ipaks B (B. 1L, 115.)

(v} Toinue Tob abrol Zwainou mpdgs y'.  (B. IL 117.)

(8) Zwolpou ToU feiou mepl dpetiis xal fppnyvelas.  (B. 1. 118.)

(e) Tlepi Tiis Earuioews UBarros felov.  (B. 1L, 138.)

(3) Tepl ToU errol €efov U8aros. (B. 1. 141.}

(n) Tlepl woU geiov UBaros (in sore M3S.). Zwoiuou 1ol MavotmaAitov yyiiowa
UmropvrpaTe epl 7ol Sciov Udaros,  (B. 11 143.)

(8) Tapeaavéorrs ouoTaTical T&Y yyopetvTav Thv Texvny. (B, 1L 144.)

{1} Zwoiyov ToU MavomoiTou yvnoia ypaen mept Tis fepds xal felog Téxvs,
THs Tolt ypuool kal &pyupol momosws koT EMITOURY  KepoAoad.
(B. II. 145.)

(k) BipAos &AnBfs Zogt Alyumrriov xai fslov “Eppafeov xuplov Tév Suvduewy

TePadf.  Zwoipou OnPaioy puotixh BipArcs. (B. 1L 211 and 213.)

) Zwolpou mpos SeoBwpov kepdhate, (B, 1L 215.)

) No title. Inec.:——xai &T1 Tols ¥pnoious Adyous . . . (B. IL 219, 1)

} “Y8papyUpou Troinais.  {B. 1L 220.)

) Zeoipoy mepl dpydvev kal kapivev. (B, IL 224.)

} Tol adroll Zwoipou mepl opydvwy xed xapivey yvnola Umronvfpera mepi

Tol & eToryziov. (B. 1L 228.)
() Tepl ToT Tp1Bikoy kat ToU owhfjvos. (B. IL. 236.)
{p) T& wpdtov Piphiov Tijs TEAeuTelas droyfis Zwoipou Onpaiov . . . (B. 1.

239.) :
{s) ‘Epunveia mepl vty &TAGS Kol mept T8V gorreov. (Bl 1L, 247,
(1) No fitle. Inc.:—Sdvaus, verd 8¢ Thv dpycoiav . . . (B. II. 248, 11.)

{v) Tlepl Aeurcboeces. (B, IL 211.}
(p) ‘Eppnveia mepl TV pwTwv, (B, 11. 240.)
(%) Tlept adfdAcov. (B. IL. 250, 13.}
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The'folllbwing works may belong to the remains of the Encyelopaedia of Zosimus and
Theoscbein :

(x) Tlepl Tév Umootarey kal T& 8 cwpdtwy xaTa Tov Anpokpitov Tov
gimdvTa. (B, 1L 148.)
{B) Tlepl Bixgpopds yarkol kekaupévoyw. (B. II. 153.)

{v} Tlepl 10U &1 vy 1éY Uypdy 1o Gelov UBwp kadolowy kad Tolto ovv-

fetov fomiv kol oly &mAclv.  (B. 1L 154.)
(8) Tlepl 7ol Ev mravTi kaipy &prriov 1o fpyov. (B. I1.156.)
() Tlepl Tffs kerrd A&TOS ExBdoecos 16 Epyov. (B, I, 159.)
{3} Tlept To¥ Ti fomv xord Thv TEYVNY, oloia kal dvovoia., (B. II. 167.)
(n) Tlepi ToU 87t wovTa mep! wds Pagfis 1) Téxvn Aehéhnurev. (B. IL. 169.)
(0) Tlepi Tol Tpogfyv sivan T& 8" cwpata @Y Papldy, elolv,  (B. IL 170.}
(1) Tlept Tol ypnoriov oTumTNEX oTpoyyVAl) avTtidoyos. (B. IL 171.)
() Tlepi Gmacsv. (B. IL 174, 11.)
(A) Tepl oTafudv. (B. IL 177.)
{1} Tlepl xerdosws cwpdTav. (B, T1. 179.)
{(v) Tlepl oTabuel Eavbdoews, (B. 11, 181.)
(€) Tlepi Ge10U &bxTou UBarres. (B. 1L 184.)
(0} Tept oxevowiag & dypas.  (B. TT. 186.)
{1} Tiepi olkovopias To¥ Tiis poyvnoias odpares. (B, IL. 188.)
(p) Tepl ccbparros payvnoios kal oixovopias {atTel). (B. IL 191.)
{5} Tiepl ToU M8l TRs piAocogpias, (B. I1. 198.)
(7) Tiepl dpoppddv ovvéoews. (B. IL. 204.)
(v} Tlepi Enpiov. (B. IL 205.)
(@) Tlepl ioU. (B. II. 2035.)
{x) Tepi aiticov. (B, II. 206.)

() Without fitle. Ine.:—"Y8papylpou wlp Tupi kparolvtes . . . (B. IL
2086, 8.)

() Without #itle. Ime.:—OUtos 6 YcAkavipeemos &v &pds . . . {B. IL
207, 1.) o

(e} KeSds wabos. (B. II 207.)
(BR) Tept Pagfis. (B. IL. 207.)

(yy) Tepi Savbcmees. (B. II. 208.)
(88} Té &tpov UBwp. (B. II. 209.)
{ee) Tlepi Aevkwoews. (B. II. 211.)

HEeLIODORUS.~—His work is addressed to Theodosius, presumably Theodosius I
(379-395). Tt is an alchemical poem and bears no evidence of heing the work of a practising
alchemist,

Title : “HAwoBdhpou giAocopou pos Beobéolov TOV peéyaw Pagiata Trepl TS TOV
prhocdgoY puoTikis Téxvns Bt otiycov [&uPov. {Goldsehmidt : Helisdori carming
guaituor. © Religionsgeschichtliche Versuche und Vorarbeiten,” XI1X. 2. Giessen. 1923.)

S¥NESIUS is not the famous bishop of that name, since he writes prior to the destrue-
tion of the temple of Serapis at Alexandria (4.n. 390). His one work is:

Zuveciou giAocdgou Tpods Alookepov &ls THv PiPAoy Anpoxpitou, ws &v oyxohers.
(B. II. 56.) ‘

Prr.aerus.—This author mentions Zosimus (e. A.D. 300) and is mentioned by Olym-
piodorus {c. a.p. 425). He is thus about a.p. 370, He wrote :

Tieraryiou raooogou mepl Tijs pelas TaiTns kol epds Téxvns.  (B. IL 253.)
OLYMFIODORUS wrote in A.D. 425 a history of his times. Thus his lengthy alchemicol
work may perhaps be ¢. 400425,

§ Or onpasics.
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*Oavpmiclodpou Tol praocdgou *AreEavBpéuws tis TO ka1’ ¢vepyeiav Zooipou Soa
amd “Epuol kel 1@v prroodewy fioav sonpéva.  (B. IT. 60.)

{e} 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. Rhayp-
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 alechemical 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 und 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. :

PrrtosoraUs CHRIsTIANTGS.~This name is attached to a very comsiderabls 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 undoubtediy a eompilation of which probably ouly the first item is original., In
cerbain BSS. works are attributed to this philosopher which are elsewhere ascribed to
Zosimus. It seems likely that Philosophus Christianns incorporated the compilation of
Zosimue into his own work. .

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

(o) Tol XpioTiawol mepl eboradelas Tol ypuoo?., (B. II. 385.)

(P) Tol adrol Xpiomiavol mepi Tol Sefov Ueacros.  (B. 1L 399.)

(y) Tis fi T@v &pydiwv Sapovia. (B. I1. 400.)

(8) Tis fi xabAey ToU UBaros cikovopic, (B. IL. 401.)

() “H -roU pudixol U8ocros moiness.  (B. I, 402.)

{3) "AvriBeois Aéyouoa 8T TO Gelov UBwp Ev Eom T efSe kad § Aloig aUris.
(B. II. 405.)

(n) "AMAn &mopla. T &v &plocoev Udwp &v T¢ &pidud Beikvisv £86Aouan n
ToUTtou émiducts.  (B. II. 407.)

{8) Tol xpioTiavol olvoyis. Tis A aitix T3 TPOKeEIREVTS auyypagfis. (B. II,
409.) - ,

(1) “Om TeTpayds Tis UAng Sraapovpivng, Bidgopor &moyivovtad THY TIOIf|CECOV
af T&Bets.  (B. IL. 409.) '

(k) Tidoen eiotv ai weer® elBos xai yévos Aagopat 6 Torfioewy. (B. II. 410.)

(A) Tléss et voriv orlmés kel oxfpest yewpstpikots. (B, IL 414.)

{n} Tis 1) &v &worpUpois TEY TuAmby ExBiBoucvn &, (B. II. 415.)

STEPHaNUS is dated by his connexion with ﬂeraclius 610-641. His alchemieal works
are entitied = '

(«) ZTegp&vov *AdeEavBpias olxkovpevikod pidcodpov Kal BiBaokEAou TTis peydAns
kol iep&s TaUTng TEXVNS mepi xpuoomolas. mp&fs mpdTn to fvvéem
(9 texts). (Ideler, 11. 199.) The letter To¥ alrol Sweodvou ETOTOAR
Tpds Oeobwpov is inserted in the first work after the second part {mp&&is
Sevtéipa). (Ideler, 11, 208.)
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(B) ZTepavou ToU TrauueyloToy prAoodgoy Ked olkoupewikol S18cokdhou TTpds
‘Hpduhsiov Tov péyav Paciiea Bidaokara Tepl Tijs fepds kol peyaAng
tmothpns THs xpuoomotios.  (Ideler, I1. 243.)

HERacrrvs and JUSTINIANUS.—The treatises attributed to Heraclius have disappeared.”
‘A portion of a treatise attributed to *lougTividvos PaciAeds remains, but is undoubtedly
the work of some other person. '

PrmosorEys AxoNymrs.—This author cites Stephanus, who is undoubtedly of the
seventh century. He must be dated us of the seventh or eighth century.

() *Avemrypdooyu GIACTOPOY Tept Belou GorTos Tifs Acurwarcs. (B. T0. 421.)

(B} ToU cirrol ’Avemtyp&pou PrAocOPoU KaTd &roovliay Xphoews gngalvov
1o Tis Xpuoomoiias guvettuyptvoy ouv Osd. (B, 11. 424.)

(y) *Avemrypdgou gihogogoy Tepl Tiis Seixs ket fepds Texvils TV grhocdguy.
(B. 11, 433.)

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

Mérrmou gidoodgoy (&pkesy.  (B. IL 27.)

TEEoPERASTUS, HisroTHEDR, 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.

GsoppdoTou gitocdeou mepl TS QUTTS Befas TEyyns Bl oTixeov auPoov.
(Ideler, 11. 328. Goidschmids, ihid. 34.) _

“[epobéou prAcodgoy Tept THs aUTis Belors xad lepds Téxvns 81 oTiyww.  (Ideler,
11.33%6. Goldschmidt, ibid. 42.) '

*ApyEhGou graecdeoy Tept TS adTis iepds Téxvns Sid oTiywy laupoov. {[deler,
II. 343. Goldschmidt, ibid. 50.) '

QATMANAS from his style and language appears to be of the ninth to tenth century and
wrote & work MéBoSos B’ fig &moTeheiTar 1) apapoedis ¥dAaza KaTaokeuao belaa Tapd
ol &v Teyvoupyia TEpiPotTov “Apapos ToU Schpavd.  (B. 11 864.)

Pserrus.—The famous Michael Pselius (1018-1078) wrote two alchemical works of no
originality end of no spoecial interest for our theme. They were, however, of importance
as 3 means of spreading alchemical ideas in Western Europe.

{a) ToU YeAroU mpds TOV TaTpidpyny kupitiatoy MixafAs mepl Tol &reas
morntéov ypugdu, (Parisinus, gr. 23928, f. 10; 3027, £, 52.)

(B) ToU paxaplov kai mavadpoy Yot &mioToAfy Tipds TOV  &Y10TXTOV
TraTptépyny TOV ZiptAivoy mept Ypuoorrerias. (Parisinus gr. 2827, £. 1
and other MSS.) (Cat. MAIS. Alch. Gr., Vol. VL)

ClosMas.—Probably ¢. a.p. 1000 os shown by the use of the barbarous terms
ceAdviTpoy, TIaTTapikoy, pacouyfn. His work is enfitled ‘Epunveia THs &moTiuns TiS
ypuaototias feponovéyoy Tol Koohd.

NICEPEORUS BLEMMYDEs.—A writer of the thirteenth eentury 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 entifled : .

Nikngopou TolU BrspuiBou Trept ypusomoties.  (B. II. 452.)

ANONYMOUS WoRKs.—In addition to the worke which bear an anthor’s name there

7 These treatises are catalogued by Miller mot to be found in the MS. itself. (F. .-
as existing in the MS. ¥ 13 of the Escurial. Miller: Catalogue des Monuscrits grecs de
Though mentioned in the Het of contente ['Hscurial., 1848.) (Bee Cat. MSS. Alch.
(copied from the old list of M. 299) they ave @recs, Vol. V.)
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are & number of anonymous treatises and fragments. Of these a few are of interest. Certain
MS8. contain the Lexicon of Gold-making, Nefixdv xard grorgsiov Tfis Xpuoorattas (B.
II, 4),  dietionary of alchemical terminology. It is not very informative. Oceasional
items such as

Ll ’ 3 h ) 1 1 A L
AvBpobauas ol uphins kal dpotvikov,

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

§ 5. Substances used by Alchemusts.

The Greek alchemists employed a cousiderable 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 owuora or lrue bodies, in conlbradistinction to
&owpaTa, substances other than metals. In addition to the substances that
we know asthe metallic elements, the oduota included a number with metallic
tustre formed for {he 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.
_ ypuooxopairos. Chrysocoralios, Apparently a superfine gold or subsfance more fine
than ordinary gold. Its composition is not known,
but it may have been a fine red gold-copper alloy.

KAauBiauos, Claudianos, A copper-lead alloy.

flAekTpOV, Electrum. A gold silver alloy.

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

wpefyaixov. Orichalkon. A form of brass containing copper, zinc¢, and perhaps
arsenie.

gidnpoyoAkov. Siderochalkon, Presnmably 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 :

CASPOTOOS. Alabaster. Possibly also a preparation having the appear-
ance of alabaster.

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

GubpoBdpas. Androdamas. Possibly amsenical pyrites.

oTipm. Antimony sulphide. ’

GEyUpiTTS. Argyrite. Perhaps native silver sulphide or argentiferous

' galena.

&poevikdy, Arsenic, Certainty orpiment, yellow arsenic sulphide.

dpoevikdy Cavbdy, Yellow arsenic. Orpiment, as distinguished from white arsenic.

xUevos, Bhae. Probably azurite, native hydrated copper car-

bLonale, but possibly nalive hydrated copper
sulphate.
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&huvpia, . Brine. Perhaps also nged fignratively for other liquids.

waBpeia, Caduinia. A product deposited in smelters’ fhies, chiefly
consisting of the oxides of zine, copper and
arsenie.

wipUétoy, Ceruse, White lead, but also perliaps other white sup-
stances such as arsenic trioxide.

X&Axavog. Chalkanthos, Impure copper and iron sulphatcs derived from

_ ' the oxidation of pyriles,

XOAKITIS, Challkitis, Probably the same as Chalkanthos.

XPUoSKoAAQ, - Chrysoculla. Apparently malachite, but also used in other

' senecs in these lexts. _

K1vvaBapis. Cinnabar. Native mercury sulphide, but the word is also

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

Y. Earth. . HRarths 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 semse of the Latin © virus.” The

use of the word is often diffieult to tollow,
A@&pyupos, Litharge, This translation is doubtfully correct. The
sonse in which the alchemists uge the word
Is that of gilver-producing stone,” and it s
doubtful whether lead oxide is ever intended.

doPeoTos, Lime.
Titavos. Limestone or chalk, .
HEppapov. Marble, The word is used as a gemeric term for prepara- .

Lions resembling marble in appearance, ag well
as for marble itself, . .
Hayvnaia, 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,

HiATOS, Minium, A term used for red lead, realgar and oinnsbar.

piou, Misy. Basie iron sulphate,

viTpov, Natron. Native soda.

oy pe ' Ochre. Perhaps has the additional meanings of realgar
and cinnabar. :

TupiTng. Pyrites. The term probably includes. iron and copper
Dyrites, galena and mispickel.

oavrbapayn, Realgar. The modern Sandarac is a Tesin,

&As., Salt. _ '

odpt, Sari. Similar in nature to misy.

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

but also similar substances such as arsenic
sulphide. The term has not, however, the
Wwide 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 complebe -
list extends to some five hundred bems.

§ 6. Imitation of Silver.
Many alchemica] recipes are concerned with the maling of silver and of the
alloy &onuov. This was expected to lLave the brilliant metallic surface
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and general appearance of silver.
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Such recipes are found majinly in the earlier

texts, in particular in the Physica et Mystica, of Democritus, and in the Papyri
of Leyden and Stockliolm. The methods employed in the Preparation of silver

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

These recipes can be nsed in the laboratory to

produce a whitish metallic Substance, with some resemblanoe to silver, One
recipe attributed to Democritus runs ag follows :

AaBov  &poévikoy aox16ToY,?

Toingov Tréraig- 10 aAAe el Telivo
yl X0s

STPOYYUACY kai kalioov- OTnVika && SiayeAdon, 1! dmBodcy YA {TrdAar)

Eoupikds TO pnKéT phyayTr

Strnvixe 88 Tay, &pov kal Asfwagoy 2 HET

Kol yiveran, ked AaBdoy Svafrpaws &AW i fidlov, Toliro BéAe sic Telyos,
Eper EAadeo xikive Nl papawive 13 Eog Eaydy (rlyvnToa), TOUTY EmiBadiie 14

XOAKoV, xed AsukavBhoeTa.
(B. IL. 54.)

This recipe is typical and neither more nor less lucid than mogt.

ToUto 8¢ adlrrd Troei kol I cavdapdyn . . .

Pprotects the copper from oxidation and reduces the argenic 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.

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

® Tt is quite possible that this recipe may
OWe 18 suecess to the presence of silver or
mercury in the mixture used,

* Probably arsenic trioxide,

¥ Metallic jeaves or foil, presumably of
eopper, :

M Buryehden.  The 86nse
here seeins very doubtful,
Tecurs in other recipes.

of  Bayehdw
The word

¥ Miwoov  “termper’ or © soak.” The
word hag the sense of treating a solid with
8 liguid,

13 Thesc oils are prohably not actual
‘castor’ and ‘radish’ oils {v. note 24),

* The sense of the word in Greek alcheiny
seemns to be simply  place upon,’ or, ag the
later alchernists said, * project.’
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The recipes indicate the preparati

compounds, on of the following alloys or
metals,

(i) Tin, Purified by methods s
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SEMBLING THAT UgEp ™ CHE

MICAL WoRK UP v mrp CLosm oF
Y. (MB. Paxrg, cn. 2327, ¥, 81.)

APPARATUS FoOR DIsTirr amzon anp

(1) A lead—silver alloy

(11i) A COpPer-zinc—tin

80me modern s
lustrous,

(iv) Copper with about 1 per

cent. of arsenic and a smalj amount of
silver. This would almost certainly be white and lustrons,

Seems In one ease tg ho indicated.
alloy with some arsenio, This is identical with
peculum metals which ape white and exceedingly
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(v) Copper-lead-iron-arsenie alloy. This would be white, but as the
quantity of lead and arsenic does not appear its properties are
doubtful.

{vi) Copper—iron-lead-gilver 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. Sinec
only 40 per cent. of copper is present, this alloy will be white.

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

These olloys are prepared by methods which seem unnecessarily com-
phicated to ns. The complication is due in part, ab least, to the fact that the
alehemist 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 profonndly modify the colour and obher properties of an alloy, and a
chauce success has often been attributed to the use of some inert ingredient.
The retention of such mgredients 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 zine, arsenic, lead and
mercury %o an extent which cannot be certainly predicted. Thus alight
variations in the conditions of fusion often alter considerably the appearance
of the product,

§ 7. Imatation of Qold.

The preparation ol & gold-like substance was the main object of practical
alchemy. The problem was far more difficul; 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 comsidered incom-
patible with gold. Modern jewellers’ gold will not stand prolonged heating
without change, sincc it always conlains copper. Much native gold is also
vconfaminated with copper, and this would help to minimise the failure of the
artificially produced gold to satisfy the conditions of the fire tost,

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 aichemist to believe that ke had prepared gold, he would
have had to make & metal, closely resembling gold in colour and hardness, of
high density, and little affceted 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) Preparstion of debased gold.
{¢) Superficial treatment of metals.

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

(a) Manufacture of alloys aﬁaquous fo brass.

Brass-like alloys, including some of the alloys of copper, tin and zine, used
to-day under the names of ormolu, oroide, Mannheim gold, ete., were certainly
prepared by the Greek alchemists. The problem of making these was difficult,
because zine, which gives the yellow colour to bragss-like alloys, was unknown as
a metal to the Greel alchemists. The alloys which contained zinc were made
by them through the meditm of cadmis, 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 il wus derived. Such variation
makes successiul 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
gource of difficuity.

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

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

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

(iiiy Copper—zinc alloys eontaining traces of ather metals. These have &
good golden colour when about 20 per cent. of zine is present, and
are known at the present time as Duich metal, Mannheim gold,
pinchbeck, ete. |

(iv) Copper—silver-lead alloys.

(v) Copper-tin-lead alloys.

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

Democritus Physica et Mystica. (B. II. 44.y

To KAauBiavdy 15 AaxPov, Trofer udppopov 8 kad olkovdper s Edos, Eus
Eavlov yavmTon. Zdvbwoov olv oF Tov AiSov Aty GAAG TO Tol Aifou
Xpnotwov Sovbdoes? 8t et oTutrTrpias konTrTwdeions fsiw, f &pos-
vike, f| oavBapdym, f TiTéve, f) s Emivoels, Kod 2w EmBLAAYs &pyUpaw,
TrO1Els Xpuooy E&w Bt ¥ pusdd, Troisis XPUSOKOYXUAoY T YD pUcis THy pUcIv
VIK&Soa kperTel.

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

containing lead. are arsenical : srumwTnpic is evidontly uzed
¢ A marble-like white preparation. in the sense of ¢ arsenic’ DLy some of the
1? 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 congerning snuch
alloys, bt there is g 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 alchemistg SiTAwats, 1.0,
a doubling of the weight of gold. They depend mostly on the fach that, while
silver gives greenish and copper a reddish colour to gold, the admixture of

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 e2sy to make, but need a considerable outlay of guld.
They were thus Jess sought after by alchemists than alloys formed with & larger
proportion of the Jess costly base metals.

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

(1) Gold—copper alloys with small quantities of other metals, notably
zinc and arsenic. This corresponds t0 our modern 14-18-carat
gold, possibly made somewhat Lighter in colour by the presence
of zine,

(1) Gold—copper-silver alloys, similar to the ahove but reproducing the
colour of pure gold more clogely. :

(i1) 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, IT. 39) :

XarkoU kexaupévoy Bépn Tolor Xpuool uépos o',  Xbveuooy ko -
Poke &poevixdy- kaboov,®® kai elprices Bpumrdy.  Eira Addwooy G8e1 Nuépag
R & A dita Enpdwas, yovsuooy dpyvpov kod yeAGoow- 19 (?) ExPoe
& ToUrou Tol ouvlsnoTos, kot elpfions oy &pyvupov éx TAskTpov.2® Toliro
oy cUumbor XPuooy, ko Eers 8Bpuzov kaddy,

The final product would be roughly gold 60 per cent. copper 20 per cent.,
silver 20 per cent,, although the silver might form a grester proportion of the
alloy than this. The colour of such an alloy would very closely resemble that
of pure gold. The word SPpugov may mean ©(Gold Judged good by ile
Souchstone,” the original meaning of &Ppuza being ©a touchstone,’

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

¥ Berthelot reads YeAdoovm (see note 11).
J.H.8.—VOL. L. K
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- {¢) 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 & true
making of gold, and as a rule the word KaraPaer and not woinos is used to
deseribe them. These methods also find their counterpart in modern practices.
Then as now three chief methods of eolouring metals were employed.,

(1) Coating the metal with a tinted laequer composed of gums, etc., ag
brass is treated to-day.

(ii) Tinting the metal with solutions which form 4 thin superficial layer

of sulphides.

(ii) Treating debased gold by removing the base metal from the surface
by corrosive substances such as the sulphur frioxide derived from
the calcination of the sulphates of iron and copper known as
wicv and o@pi. This leaves a layer of fairly pure gold on the

surface. At the prosent day, nitric acid is used instead of the
sulphates.

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

Demoeritus, Physica et Mystice (B. 1. 486).

XpuookoAAay THY T&y MeweBovewy hy 18 yaikol TTAPEUPEPOVO QY
oikovdper Aaidy olpe Saudhews g ExaTpopf] 1 ydp uors Eow KPUTTTETA,
"Edy olv ixorpagt] xerdpeapov by els Baiov kikivoy ToAAdKic TURQY Kai
BTy elta 80¢ dmrTacBar ot OTUTTITpiCt TpoAeidoas pioul, # Oelco
&ipw ofel §avBov xad EmiBarrTe Ty o ¥Xpucol, '

. Apparently base gold or gold-like alloys ‘ o@par ¥puool® are to be treated
with misy, alum, sulphur, ete. which attack base metal, but leave gold
unaffected.

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

- AéGon xpdrov ik kiov dvey Gpa &ven Tol kpbkou TR TTPOTAYEUTL YUASS
TTS GuTrédou, Trofel 3eopdy g E6os Barrte &pyupov 2 TeTéAwy Ewg &piom)
TO Xpdduar B&v B XAAKEoY T TréToAov EoTan, PéATION. Tpoxabaipe & ToV
XoAKOY cos Efos.  Eita Poidov dpioTodoyios Pordvns uépn B’, xad kpdrou
kol EAuBpiou?! T4 BimAoilly, Toler TTéry o5 KnpwTijs xal ypioag 7o TETOAOY,
GrrEpyaov T TpwTH dy ey xai Saupaoes. '

§ 8. Alchemical Apparaius 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, howsver, consist of guch
Teeipes, which are, in fact, confined to the Demoeritan school of alchemical
practice. Long sections of the other alchemists’ works deal with the prepar-

# Mentioned as a yollow dye-stuff (Lagercrantz : P, H. obm, p. 191).
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ation of the divine or sulphurous water, fetov UBwp, the use and nature of which
is obscure. There was controversy among the alchemists themselves as to its
nature. Some held it to be mereury. In one or two descriptions it seems to
be & solution of a polysulphide of caleium 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 clonded 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 6efou USaros. (B. I 184.)

Kedeiten U8wp Belov 81° &Aunms, 51& O8arog fcAaooiou, S1& olipou
&gOSpou, 61 Sfous, B1° dE&AunS, 5i° EAadou Kikivou, depavikov, BeAodpou,
ydAcwTos yuvaikds dppevotdkou, kad Y&roxTos Bods peAaivns, kol 81° oUpou
Saudiews, ki TpoPdTov OnAsias Tves oUpou dvelour &AAor kol UBatog
dopeoTov, kol pappdpov, kai pikAns, xai eiov, xad &poevikou, xal coavda-
pa&yms, kai viTpou, kai vt plas ox1o7Ts, Xad yéAakTos TrdAy buegloy, kod
alyeiou, kai xuvivou, ket USarros aomobokp&uPns, kol dAAwy US&Tov &
oodol yivouéveoy: &Adol kol pfAiTos, kad dEupéArTos, kat Bfous, kol viTpov,
ke UBarros deplov, kal Nefdou, kai dpictov, xad ofvov &unvalou, xai SoiTol,
xal popiTou, kad olkspiTov kad 3UBou xad Ty BN T& TévTa dvarywdokw
61& TravTds 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.” Tt 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 rccipes which employ the ¢ divine water’
seem o indicate that it had the power of dissolving or disintegrating the -
substances used in the ari, and that it had also the property of colouring
metals. It was evidently also a volatile substance, or at any rate one which
produced 2 gas or vapour which attacked metals. Both mercury and solutions
of casily 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’

tales an unimportant parl 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 metale known as the TeTpaooma.  This is treated in a peculiar
form of apparatus, the invention of Mary, which to some cxtent 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
alehemical custom, as covering names for some analogous snhstances the nature
of which the authors wished to conceal from all but the itiated. 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 imporlance,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 explaiu the use of the apparatus, and, indeed, the whole process
~outlined zbove, are not satisfactory. - Two views of i appear from the chemical
standpoint to represent possible methods of procedurs. '

The firsi is based on the fact that the alloy of copper and mercury con-
taining 13 per cent. of mereury is of a golden tint. Tt 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 mereury. Nor does the direcl 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 prodiced.

The process used by the alchemist was probably the following :—Mercury
was placed in the lower part of an apparatus such as ¥ig. 4 or 6,2 and copper
- or an alloy containing much copper on the xn poTakis or ‘paletite’ (P).in the
upper part. The mercury being heated from below, boiled and condensed on
the cups (iéAn) and on the copper, which was disintegrated and finally
dissolved. Impurities (oxides, etc.) remained on the knpoTaxis or on the sieve-
like diaphragm below, while a pure copper amalgam collected in the lower
part of the apparatus (&yyos dorpdkivov), into which the droppings from the
kerotalds fell. The copper blackened during the process as a result; of oxidation.
The white amalgam formed contained mauch more mercury than the yellow
gold-like amalgam which was required; and continued and stendy heating
caused the mercury to be volatilised from this and to escape by leakage or by
diffusion through the porous enrthenware 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 ile only purpose for which the apparatus was employed, for it
was probably used as & sublimation apparatus of the iype 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 knpotaxis give the impression of dealing with a

MS. of 8t. Mark, folios 112, 193, 196; Figs,
4 and 6 represent the sams type of appara.-

** The meaning ‘wviolet coloration’
feems 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 Japancsc shaku-do.
This theory, though explaining the meaning
of ‘josis’ in a reasonable manner, seems
inconsistent with the processes that pre-
cede this oporation. Conceivally " © iosis *
may be the final removal of the ¢os or tar-
nisk formed on the surface of the metal.

* The figures are copies of thosc in the

tus, the globular lower portinrn of Fig. 4
being probably sorne form of heating appara-
tus. Several other sketches are reproduced
in Berthelot’s Introduction & étude de la
Chimie des Aneiens et du Moyen-dge. Figs,
5 and 7 represent reconsiructions of the
apparatus of Figs. 4 and 6, based on the
fizures contained in the MSS8. 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 fime give the
contonuous blackening, whitening and yellowing which is so strongly emphagised
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 v Tol yoAkolU &iwow kol pfiave ko &5 UoTepov AsUKwaLy,
ToTe EoTan PePada Eéwbeoots.  (Agathodaemon Alviype) (B, I1. 115.)  Affer
the rofinement of copper and ils blackening and its later whitening, then will iake
place the solid yellowing. |

"Edw pf) T& otuata &owuaTdons xal &CLOPXTX TLPaTOoNS oUly T
TpocBoxcdpevoy Earan.  (B. IL. 115.) (Hermes.) * *“ If you do not disembody
the bodies and embody the things withowt body, nothing which s ewpected will take
place.’

CONDENSING

RECEPTACLE
FOR
BOILING LIQUID

Fie. 7.—CoNIrcTURAL REsTroraTION OF TR RouxD Form or KEROTARIS, ag sHOWN
N Fiac. B.

The last is clear enough if we rememher that ctuara has the meaning
" metallic bodies,” and &obpara substances without metallic properlies. Thus
the meaning is, ‘ If you do not bring the metals to & non-metaliic condition
and then back to a metellic condition, nothing which is expected will take place.’

Consistent, with the latter maxim is the mothod 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 apparalus. The
black mixture of sulphides and unchanged sulphur eollecting in this lower
receptacle would then be the *black lead’ or scoria of Mary, which is said
to eollect in the * Hades” or lower part of the apparatus. This ‘ black lead’
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when heabed in air with  oil of soda ’ or other fux could be reduced by a pyrtitic
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 usc 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
“ hlister * copper, as made to-day by a pyritic smelt which may have suggested
~the “losis’ 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

Fia. 9—REcomsTnUucTIiON OF THm DISTILLATION APPARATTS 0F Fig. 8.

a conjectural recomstruction. The drawing shows a type of apparatus used
for distillation, which is very similar to that employed to-day. The globe
marked PBfixos must have been Iuted 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

iguide which they called #Acuov xhavov and papdvivoy, 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 mincral substance. A theory has been propounded that these oils were
in fact melted sulphur, but this liquid would solidify in & few minutes or seconds
to & mass of monoclinic or plastic sulphur. Perhaps the word ¢ sulphur > was
used in a wider sense, or again sulphur may Lave been distilled with vegetable
oils, so forming sulphur-substituted organic liquids which wonld 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 religions
matters, and it has been thought that some alchewists were not seeking to
make gold at all or indeed any other substance. No one can rond the works
of Democritus or Mary without feeling that they are practical metfallurgical
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 mysticsl and symbolie.
The puzzle is that the practical content of alchemy, which is the treatment and
manulacture of metals, affords no evident reason or justification for the mystical
atmosphere with which the subject has always been surrounded, The mystical
side of alehemy seems of an antiquity at least equal to that of the practical,
nor does ifs 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 Guostic beliefs all go to show that alchemy had a spiritual significance as
well as a practical utility. '

Gfold 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 somate. With the
metals equipped with the astrological gualities the alchemist passes from the
Lesser to the Greater World, to the ¢ Great Work ’ which is the aim of gvery
mystical system. 2 F. SEerwooD TAvLiOR.
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