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TRANSMUTING TINCTURES.
WATER OF SULPHUR,
QUICKLIME, AND “WASHES’
IN GRAECO-EGYPTIAN ALCHEMY

MATTEO MARTELLI

ABsTRACT - This paper explores the technology of what Graeco-Egyptian al-
chemists called “water of sulphur’ or ‘divine water,” one of the key colouring
agents at the basis of their attempts to turn metals into gold or silver. Early
conceptions of metallic transmutation arose from the lived experiences of the
practitioners who tested the properties of this liquid compound in their work-
shops and interpreted, at the same time, its written formulas. In order to better
understand the alchemy of dyeing waters, the textual analysis of Greek, Syriac,
and Arabic sources is combined with experimental replications of the proce-
dures described in these writings.

Keyworps - Alchemy, Dyes, Quicklime, Divine Water, Gold-making, Silver-
making, Zosimus of Panopolis, Pseudo-Democritus.

SETTING THE SCENE

T HE quest for metallic transmutation hallmarked alchemical tradi-
tions across distant civilisations, from Hellenistic Egypt to China.
To explain the emergence of transmutation theories in Graeco-Egyp-
tian alchemy, scholars have long pointed to the legacy of Platonic and
Aristotelian natural philosophy. In the 30s, Arthur John Hopkins de-
scribed alchemy as “a child” of Greek philosophy, which the Alexan-
drians successfully applied to the realms of metals: in a nutshell, this
craft was «Aristotelian philosophy put to practice».! Twenty years
later, André-Jean Festugiére insisted on the combination of Egyptian
metalworking with a mélange of Platonic and Aristotelian philosophy

matteo.martelli@unibo.it, University of Bologna, Italy.

I warmly thank Eduardo Escobar, Lucia Maini, Marianna Marchini, Giacomo Mon-
tanari, Lawrence Principe, and Lucia Raggetti for their invaluable help with various
parts of this paper.

! HOPKINS 1934, p. 57 (see also pp. 13-31). On some limitations and pitfalls of this study,
see the review by WILsoN 1935. Hopkins, for instance, did not consider the Aristotelian
distinction between mechanical combination (sunthesis) and ‘chemical’ mixture (mixis):
on this point, see ViaNo 2015b (with earlier bibliography).
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(with a pinch of «mystical reveries»).* Plato and Aristotle provided the
authors of alchemical treatises with the necessary theoretical vocabu-
lary to explain the metallic transformations they strove to bring about. ?
Within this philosophical framework, early practitioners conceptual-
ized their attempts to transmute base metals into gold, relying on met-
allurgical operations that had been devised by generations of craftsmen
in their workshops.

By the same token, the sinologist and historian of science Joseph Need-
ham identified ancient Greek alchemy with a kernel of artisanal knowl-
edge interpreted through the lens of Greek natural philosophy. In his
monumental work Science and Civilisation in China, Needham recognized
three main areas of expertise encapsulated in Chinese alchemical writ-
ings: aurifiction (the imitation of gold), aurifaction (the making of gold),
and macrobiotics, that is, the attempt to produce a universal medicine ca-
pable of prolonging life.? Although they showed little preoccupation for
the prolongation of life in their extant writings, * Graeco-Egyptian alche-
mists clearly embraced the goal of metallic transmutation and described
various procedures for turning base metals into silver and gold. Need-
ham framed his interpretation of this transmutational intent by contrast-
ing the techniques of aurifiction with the philosophy of aurifaction. In his
view, Graeco-Egyptian craftsmen — such as blacksmiths, goldsmiths, and
metallurgists — practised a wide range of techniques that were meant to
make base metals look like gold or silver. Indeed, such craftsmen were
capable of producing metallic alloys that simply resembled gold or silver,

! See FESTUGIERE 1950, pp. 218-219: «L’alchimie gréco-égyptienne, d’ot ont dérivé
toutes les autres, est née de la rencontre d'un fait et d'une doctrine. Le fait est la pratique,
traditionnelle en Egypte, des arts de l'orfévrerie. La doctrine est un mélange de philoso-
phie grecque, empruntée surtout a Platon et a Aristote, et de réveries mystiques». On
this important definition, see, among others, HALLEUX 1979, pp. 62-63; VIANO 2005, pp.
91-95; MARTELLI 2019, pp. 14-17.

% See Cristina Viano’s original studies on this subject, in particular, VIANO 1996, 2005,
20152 and 2018. DUFAULT 2015, on the other hand, has questioned the influence of Aristo-
telian philosophy on the early phases of Graeco-Egyptian alchemy, in particular on the
writings of Zosimus of Panopolis and Synesius. On the possible influence of Stoicism on
Graeco-Egyptian alchemical writers, see RINOTAS 2017.

? NEEDHAM 1974, pp. 8-12.

4 Scattered references to ‘the medicine of life’ (6 péppoaxov tHe LwHg), capable of re-
storing health and resurrecting bodies, are found in the Greek alchemical Dialogue of the
Philosophers and Cleopatra (ed. REITZENSTEIN 1919), which was questionably associated
to Chinese alchemy by MaHDIHASSAN 1979. The dating of this dialogue, which shows
some similarities with the work Ostanes the Philosopher to Petasius (see PHILONENKO
1992), is uncertain: the most recent studies tend to consider it as a Byzantine compila-
tion (see CARLOTTA 2017).
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and they were always aware that their products were imitations.' Need-
ham contrasted this awareness of craftsmen with the (false) hopes of al-
chemists, who believed that base metals could be perfected and actually
turned into gold (or silver) as good as natural gold (or silver). «This was
the conviction of philosophers rather than artisans», Needham states.?
In his opinion, aurifactors belonged to a different social group than crafts-
men: they were «educated dilettanti» who based their own aurifactive
dream on a simplified Peripatetic theory of matter. Indeed, it was in Ar-
istotle that Needham ultimately located the roots of those philosophical
concepts from which the very idea of metallic transmutation arose.?

As we shall see, a fresh and more nuanced reading of our earliest Grae-
co-Egyptian sources calls for a revision of this rigid dichotomy, as well
as challenging Needham'’s approach, which tends to downplay the trans-
mutational endeavours of early practitioners. In his interpretation, their
work rested on a technology that became meaningless once detached
from the workshops of the skilled artisans, who were able to detect sim-
ple imitations from real gold. Against this view, I argue that the idea of
transmutation is firmly rooted in the materiality of the diverse technolo-
gies that were developed by ancient alchemists. Indeed, they mastered a
broad array of techniques that provided different models for conceptual-
izing the colour changes that metals underwent before their eyes. Lived
experiences of dyeing, in particular, shaped the mind of ancient practi-
tioners and oriented their reasoning about the properties and behaviour
of natural substances: their colour, texture, volatility, solubility, capacity
of readily combining with each other and producing durable transfor-
mations. Relics of this embodied knowledge are encapsulated in ancient
alchemical recipes, which can be properly assessed through sound philo-
logical analysis and replications in modern laboratories.* Experimental

! See, e.g., NEEDHAM 1974, p. 10 (italics mine): «Aurifiction we define as the conscious
imitation of gold (and by extension, with suitable variation of nomenclature, silver and
other precious substances such as gems and pearls), often with specific intent to de-
ceive [...] the proto-chemical artisan must be aware that his product would not stand
up to the fundamental test of cupellation. He must therefore know it to be, in the
workshop sense, ‘false’; though the very same processes may be employed by the philo-
sophical proto-chemist to give a result which was considered, in the philosophical
sense, genuine».

2 Ibidem (italics mine): «Aurifaction, on the other hand, we define as the belief that it
is possible to make gold [...] indistinguishable from, and as good as (if not better than),
natural gold, from other quite different substances, notably the ignoble metals. This was
the conviction of philosophers rather than artisans, as we shall see. The self-deception of
the proto-chemical philosopher is essential in this definition» etc.

* NEEDHAM 1974, pp. 21-29.

4 On this methodology, see, e.g., FOrs, PrINCIPE, SIBUM 2016. Lawrence Principe,
William Newman, and Jennifer Rampling fruitfully explored many practices of early

© COPYRIGHT BY FABRIZIO SERRA EDITORE, PISA - ROMA
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replication does not simply help us to investigate whether a single recipe
“works”, it also opens an invaluable window into the processes that an-
cient alchemists witnessed in their workshops, and provides an avenue
for reconsidering how their lived experiences marked their thinking and
writing.

A case in point is the technology of ‘the water of sulphur’ (63wp d<ciov)
or ‘divine water’ (9elov 98wp), a liquid mixture that the third-century
alchemist Zosimus of Panopolis identified with the transmutational
agent par excellence." Its different formulas and applications are integral
to the body of practical knowledge that underpinned early conceptions
of metallic transmutation. Alchemical theories and beliefs did not ex-
ist in a vacuum, but were moulded by practices that ancient alchemists
founded recorded in the foundational writings of their art. Reading and
experimenting guided their hands and their mind, as Zosimus’ practical
exegesis of earlier alchemical recipes will exemplify.?

DYE BATHS AND WATER(S) OF SULPHUR

The dry sands of Egypt have preserved two invaluable witnesses to the
variety of dyeing techniques that were known in Graeco-Roman Egypt.
Two collections of more than two-hundred and fifty recipes in total, the
so-called Leiden and Stockholm papyri (3-4™ century ap),? transmit
detailed instructions on different methods for colouring metals, stones,
and wool. The same areas of expertise are covered by the earliest extant
work of the Greek alchemical corpus, Pseudo-Democritus’ four books
on dyeing (1" century ap). * This overlap is not coincidental. As schol-
ars have long noted, the papyri often include recipes that also appear in
the works of contemporary and later alchemists, including: the medi-
eval Mappae clavicula, which draws on a lost treatise by Zosimus;’ the

modern alchemists in laboratory. For Graeco-Egyptian and Arabic alchemy, see, e.g.,
MARCHINI et alii 2022; MOUREAU, THOMAS 2016; PRINCIPE 2018.

! Ancient alchemists played with two almost identical terms, the noun d<eiov, ‘sul-
phur’ and the adjective d<log, ‘divine’. See VIANO 1997; MARTELLI 2009.

% Jennifer Rampling coined the expression ‘practical exegesis’ (RAMPLING 2014) to
meaningfully describe: «the reinvention of earlier practices through successive cycles of
testing and reinterpreting written sources» (RAMPLING 2020, p. 354; see also pp. 97-99).

* Hereafter P.Leid. (the Leiden papyrus) and P.Holm. (the Stockholm papyrus). Criti-
cal edition and French translation in HALLEUX 1981.

4 The fourth-century alchemist Synesius described these books as Baguxal Bifi2ot,
«books on dyeing»; See MARTELLI 2013, pp. 122-123.

> HALLEUX 1981 refers to many recipes of the Mappae clavicula in his commentary on
various techniques described in the Leiden and Stockholm papyri; see also CAPROTTI
2013. On the Greek origin of the Mappae clavicula, see HALLEUX, MEYVAERT 1987.
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Syriac alchemical books preserved under the name of Graeco-Egyptian
authors (Democritus and Zosimus first of all);* and the recipe collection
Deep Tincture of Stones, Emeralds, Rubies, and Jacinths from the Book taken
out from the Sancta Sanctorum of the Temples transmitted by Byzantine al-
chemical manuscripts.?

Recipes are procedural texts that mainly record sequences of actions
and lists of ingredients. Simple verbs like ‘to triturate’ (tpifev), ‘to melt’
(ywvedew), or ‘to boil” (éetv) encapsulate habits of the hand developed
by practitioners through countless repetitions of the same actions. Some
recipes also include claims on the nature of the produced substances. In
this respect, rather than testifying to a shared awareness of producing
imitations — the awareness of aurifictive practitioners according to Need-
ham’s distinction?® — the Leiden and Stockholm papyri echo a plurality
of voices reasoning about the blurred distinction between natural and
artificial goods (gold, silver, gemstones, pearls, and purple).* A case in
point are the recipes for gemstones and pearls in the Stockholm papyrus.
For instance, a recipe for the making of emeralds (P.Holm. 17) describes
the final product as «an emerald similar to the natural one» (cpépoydov
dupotov TH) @ioet), while the following recipe for the making of pearls
(P.Holm. 18) explains how to produce a pearl that is better than the natu-
ral ones (Omtép TOv Quotxdv). Scattered in the recipes we also find remarks
that allow us to glimpse into the mind of practitioners. They noted that
the ‘power’ (80vapLe) of pure verdigris materializes in the green vapours
that arise when verdigris is diluted in vinegar and heated (P.Holm. 17).¢
Before being ‘quenched’ into water, quicklime is described as holding an

! See HALLEUX 1981, passim (single explanatory notes on various recipes of the pa-
pyri); BARONI 2013.

2 Hereafter Deep Tincture of Stones; see LAGERCRANTZ 1913, pp. 99-103; HALLEUX 1981,
Pp- 74-75 (and passim). The Byzantine alchemical recipe-book, transmitted by MSS Pari-
sini gr. 2325 (ff. 160v-173v) and 2327 (ff. 1471-155v) is edited by M. Berthelot and C-E. Ruelle
in the second volume of their Collection des anciens alchimistes grecs (hereafter CAAG), pp.
350-364.

* See NEEDHAM 1974, p. 18: «the papyri were the work of technicians who intended
to deceive, while the writings of the Corpus (alchemicum) were set down by chemical
philosophers who believed that gold in some sense had really been produced in their
operations».

4 See MARTELLI 2019, pp. 11-14 and especially BLaNco CeSTEROS 2023 (forthcoming),
who questions Needham'’s distinction on the basis of a fresh analysis of the recipes in the
Leiden and Stockholm papyri.

> See HALLEUX 1981, pp. 115-116. On recipes for gemstones, see also the article by Chi-
ara Ballestrazzi in « Technai» 14 (2023).

¢ See HALLEUX 1981, pp. 115-116. When these green vapours stain the lids of the dye
vats, the procedure is successfully accomplished: see P.Holm. 71, 88 (HALLEUX 1981, pp.
129, 132-133).

© COPYRIGHT BY FABRIZIO SERRA EDITORE, PISA - ROMA
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invisible fire inside (P.Holm. 61).' Quartz is said to have a particular kin-
ship’ (cuyyéveia) with beryl: because of their ‘likeness’ (6pot6tyc), the
first can be easily turned into the second (P.Holm. 63).?

Practitioners strove to imbue transparent quartz with liquid tinctures.
Through preliminary treatments they wanted the dye to soak into the
stones, thus producing a durable colour. The treatment called araiosis
(dpaiwatg, lit. ‘rarefaction’) was meant to make stones porous so that
they could readily absorb the dyes. Dyes, in contrast, were to be fixed by
means of styptic drugs.? Some methods were tailored to specific kinds of
stones, while others were used across different crafts.* Indeed, the same
technology designed to dye textiles was applied to minerals. In particu-
lar, the Leiden and Stockholm papyri include many wool dyeing recipes,
which instruct how to produce different shades of purple by using substi-
tutes of the expensive Tyrian dyestuff. Likewise, gemstones were dyed
blue, red or green. In both areas of expertise, the same preoccupations
emerge: how deep can drugs penetrate bodies with different texture and
degrees of stiffness? Can these bodies absorb the tincture diluted in the
dye baths? How stable are the produced colours?

The use of dye baths was also applied to metals. Various recipes of the
Leiden papyrus describe how to ground different minerals (or plants) in
water (or other liquids), thus producing dye baths for metals.” One of
these recipes (P.Leid. 87) deals with the preparation of the ‘divine water’
or ‘water of sulphur’:

“Ydatog deiov ebpeoig: acBéstou Spory iy wiay, deiov 6 toov Tporehetmpévoy
cuvdels &v dyveie Eye 8Eoc dpiud ¥ obpov dedbpou. Yoxare Ewg TO Hypdv
70 gmueppdey dg alpa pavi, drep dmoseiphous ik TH Teuyiay xaduping
pilon

The discovery of the water of sulphur (or divine water): mix one drachma
of quicklime and the same quantity of sulphur previously ground in a vessel.
Add strong vinegar or the urine of a youth. Heat from underneath until the
supernatant liquid looks like blood; filter to remove sediment and employ it
neat.

See HALLEUX 1981, p. 126. On this point, see also below, pp. 132-133.

See HALLEUX 1981, p. 127.

HALLEUX 1981, pp. 47-48; LIPPMANN 1919, pp. 15-16.

See, for instance, P.Holm. 92 (HALLEUX 1981, p. 133), which describes a mordanting
bath that could be used for quartz and leather.

* See, e.g., P.Leid. 65 (HALLEUX 1981, p. 99): Acpou xatafBoph. KiwvaBdpewe wé(pog)
o', oTumTnplag oyloThe wépog o, xipwhiog g pé(pog) o, Yahdcorn dmddeucoy xal
708, «Colouring silver in depth. Cinnabar, one part, scissile alum, one part, Cimolian
earth, one part, dilute in sea water and use» (similar to P.Leid. 79, HALLEUX 1981, p. 102).

¢ HALLEUX 1981, p. 104.

1
2
3
4
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The recipe does not explain how to use this ‘water’, and we cannot ex-
clude that it had multiple applications. Its use as a styptic drug for quartz
is recorded in the Stockholm papyrus,' sometimes with the addition of
alum, as also confirmed by the recipe-book Deep Tincture of Stones men-
tioned above.? In P.Leid. 88, the water of sulphur is mixed with various
ingredients (orpiment, pyrite, salt, etc.) and used to treat silver, which
was previously mixed with mercury and a part of gold.? A similar pro-
cedure appears in a late Byzantine recipe-book transmitted by the MS
Holkhamicus gr. 109 (15" century). A recipe for turning silver into gold
includes the following formula for the water of sulphur: yellow sulphur,
one pound; quicklime, one and a half pound; the two substances are
boiled in rainwater and filtered. Eventually, other ingredients are added,
and silver is dipped into the liquid mixture.*

Zosimus confirms that silver was exposed to the action of ‘divine
water’: it was dipped into this hot solution and thus transformed into
gold.’ The same application is also reported in the later Arabo-Latin and
Byzantine traditions, for instance in the Byzantine alchemical handbook
known as The Anonymous of Zuretti.® The treatise includes a recipe for the
water of sulphur, which instructs one to mix one part of sulphur and one
part of salt ammoniac (&A¢ Gupaviaxoc) or natron (vitpov) — both basic
salts that can replace quicklime in the solution. The mixture is then di-

! P.Holm. 51 (HALLEUX 1981, p. 124): Kpuctéddhov ctidrc. IIpd Tod Bahhety adrov
Béamrecor. doPésTouv pé(poc) o, Betou dmipou pé(pog) o Teidag Tedouetov 8Eog ol
Yec Tobg Aidoug, «Stupsis for crystal. Before one puts it in for colouring. Grind 1 part of
quicklime and 1 part of natural sulphur. Add vinegar and put the stones in it» (CALEY
1927, p. 987).

2 Alum is added to sulphur and quicklime according to the procedures described in
P.Holm. 40, 68 (HALLEUX 1981, pp. 122, 128) and in Deep Tincture of Stones, 46 (CAAG 11
363,9-11). * HALLEUX 1981, p. 105.

* Recipe H8 in COLINET 2010, pp. 24-25. The recipe lists cinnabar, burnt copper, vit-
riol, realgar, and mercury among the ingredients that are added to the water of sulphur.

° Zosimus, Authentic Memoirs, 1v 90-91 (MERTENS 1995, p. 20): T0b70 100 Udatog T0b
etov Tol dBinTou Zyer Jovapy xod @iowy. *Edv Leotd T Bdatt EmiBadme dpyupov,
goton qveEdAermttoy, «this (water) has the power and nature of the water of untouched
sulphur. If you dip silver in this boiling water, it (i.e., its colour) will become indelible».
Various dyeing liquids were referred to as “divine water’ or “water of sulphur’ by Zo-
simus. It was also produced through multiple distillations of eggs, as explained in Au-
thentic Memoirs, 1x (MERTENS 1995, pp. 30-33): here the distillate is first coagulated and
then laid on silver, which is thus turned into gold (p. 33, 1. 71-73). Silver is treated with
various kinds of divine water also in Zosimus’ Chapters to Eusebeia (CAAG 11 147,19-21;
150,1-3; 167,6-8).

¢ The earliest witness to this anonymous alchemical handbook is MS Vaticanus gr.
1134 (14™ century), which was first discovered and edited by Alessandro Olivieri (whence
the title of Anonymous of Zuretti). Critical edition and French translation in COLINET 2002.
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luted in water, boiled and filtered to produce a red water (93wp épudpbv).
The recipe then reads: 6céxic &v ypicng éx TobTov Tl Bdatoc VopLGLa
Aeuxov ) SaxtOALoy, ypdoeov ypdua évpaivel xTA., «if you smear this
water on a white (i.e., silver) coin or ring, a golden colour will come
into sight» etc.! This Byzantine section is based on the recipe De aqua
sulphurea (‘On sulphureous water’) from the short Latin Book of Twelve
Waters, which likely draws on (still unidentified) Arabic sources.? Inter-
estingly, the Latin recipe exhibits variations in manuscripts with respect
to the ratios of sulphur to basic salt: while some versions report a one-
to-one ratio, other prescribes to use two parts of sulphur to produce the
red solution.? The colour of the ‘divine water’ was perhaps interpreted
as a sign of its dyeing capacity; the alchemically produced gold, indeed,
was sometimes described as red and the chrusopeia conceptualized as the
emergence of the blood hidden in the body of silver.*

Lawrence Principe followed the instructions of the Leiden papyrus
and replicated the recipe in his laboratory in Baltimore. Principe found
that urine and vinegar produce a red liquid (F1G. 1) with astonishing dye-
ing capacity, such that if a silver coin is dipped into this hot mixture for
a few seconds, it becomes golden.” With Principe’s assistance, a team
of chemists and I replicated the same procedure in the laboratory of the
Chemistry Department “G. Ciamician” in Bologna.® We mixed equal
amount of quicklime and sulphur in vinegar: the ‘solution,” which is yel-
low at the beginning of the procedure (F1G. 2), turns darker while it is
gently heated (F1G. 2.1). After about an hour, the hot liquid was filtered,
resulting in a red “water’ that distinctively smelled like rotten eggs. We
also experimented with different proportions between the ingredients.
For instance, quicklime and sulphur were mixed in water with a one to

! Recipe 51.2 in COLINET 2002, pp. 85-86. See also recipe 49.3 (p. 84).

2 On the possible Arabic origin of the Liber duodecim aquarum, see RUSka 1939, pp.
67-81; COLINET 2002, pp. LV-LVI. For instance, the Arabic compilation The Treasure of
Alexander (Dahirat al-Iskandar) includes a long section on dyeing alchemical waters
(RAGGETTI 2022), which, however, does not overlap with the Latin treatise.

® One version reads: Aqua sulphurea. Crocei sulphuris partem unam, salis nitri partem
unam etc. (ed. COLINET 2002, p. 85; MSS: Palermo Aq 10; Paris, BNF lat. 6514 and 7156);
another version reads: De aqua sulphurea. Crocei sulphuris partem 2, salis nitri partem 1 (ed.
RuUSKA 1939, p. 70; MSS: London, Sloane 1754; Munich, CLM 405).

4 See Olympiodorus’ commentary on Zosimus’ lost work On Action (CAAG 11 92,14
£): fduyd... Emdewnviet &v 16 dpylpe TO TUEEODY alya, TOLUTEGTLY TOV Y EUGHY, «in silver
(the dyeing) soul... shows the red blood, that is, gold» (see also CAAG 11 96,20-21).

* PRINCIPE 2013, pp. 10-11 and plate 1.

¢ I warmly thank Lawrence Principe and the team of chemists working on the repli-
cations of alchemical recipes in Bologna: Lucia Maini, Marianna Marchini, and Giacomo
Montanari. The experimental data presented in this paper rest on their laboratory work.
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two ratio.' The solution was heated

for about two hours at 100-150°C and T @
filtered, resulting in a red solution - -~
(F1G. 3): when dipped into this hot
liquid, a well cleaned silver coin was
dyed golden (F1G. 3.1).

As the comparison with the later
tradition confirms, the Leiden papy-
rus is not an isolated source reporting
the formula for the water of sulphur.
Its heading is nevertheless remark-
able, since the recipe is presented as
the discovery or invention (ebpeotc) of
our water. Such a remark is not in-
troduced for any other procedure
recorded in the two papyri, so that
one might wonder whether the rec-
ipe captures an important technical
innovation. No inventor is however ~FiG. 1. Water of sulphur (quick-
mentioned, and nothing prevents the ~lime to sulphur ratio: 1:1; urine or
recipe from being copied from an ear- ~ Vinegar). L. Principe’s laboratory,
lier source. Already in the first centu- Baltimore. Courtesy of L. Principe.
ry Ap, Pseudo-Democritus listed the
water of sulphur prepared with quicklime in his catalogue of substances
for the making of gold.? He also recorded ‘the water of quicklime’ (68wp
&cBéotov) and ‘the water of untouched sulphur’ (§8wp deiov ddixtou)
in another catalogue of liquid dyes referred to as gomoi ({wp.of), ‘sauces,
washes’.? Interestingly, Zosimus of Panopolis lists many of these go-

! We used six grams of sulphur and three grams of quicklime. Modern chemical lit-
erature still reports «a method for preparing calcium polysulfide solution by reacting
calcium oxide with sulfur in water at 100°C and mass ratio of the components S : CaO :
H20 =10 : 5 : 85» (LEVCHENKO et alii 2015, p. 1043). A similar method to produce ‘solfuro
di calce liquido” (‘liquid calcium sulphide’) was already reported by the Italian chemist
Giuseppe Orosi (1816-1875): quicklime, 14 parts; sulphur, 36 parts; water, 150 parts; they
are boiled for 1 hour (by adding water if it evaporates). See OROSI 1849, p. 892.

2 See Pseudo-Democritus, Catalogues, 1 (MARTELLI 2013, p. 116, 1. 7-8).

* See Pseudo-Democritus, Catalogues, 2 (MARTELLI 2013, pp. 116-119). Interestingly,
the term wuog is also recorded in a recipe of the Stockholm papyrus (P.Holm. 15, HaL-
LEUX 1981, p. 115): Zamgeigou Bagh. To 3¢ camgeipiov mpofdmreton Y oA yehdvne xol
petaférreton elg Tov Lopodv Tod guedivoTov Emi tag adTig fuépag To Ao, «Dyeing
of lapis lazuli. The lapis lazuli employed is first dipped in the bile of a tortoise and then
placed in the wash (gomos, i.e., dye bath) for amethyst for just as many days as for this
and so forth» (transl. by CALEY 1927, p. 983, slightly modified).
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F1G. 2. Initial boiling of the water F1c. 2.1. Water of sulphur gently

of sulphur (quicklime to sulphur boiled for 30 minutes (quicklime

ratio: 1:1; vinegar). Laboratory of to sulphur ratio: 1:1; vinegar).

the Chemistry Department, Bolo- Laboratory of the Chemistry De-

gna. Picture by M. Marchini. partment, Bologna. Picture by M.
Marchini.

moi as kinds of divine water in various sections of his work.' One of
these catalogues is also preserved in Syriac translation and opens a sec-
tion of Zosimus™ ninth book explicitly devoted to the water of sulphur
(mia d-kebrita in Syriac). First, he distinguishes white and yellow waters
which are used in every alchemical operation (such as washing, dilut-
ing, and dyeing). Then he continues by reporting a recipe for the water
of sulphur, which shows similarities with the Leiden papyrus formula.?
Unlike the papyrus, however, Zosimus does not present this water as a
fresh discovery, but as something already famous and widely appreci-
ated at his time (MS Mm. 6.29, ff. 65v-66r):
Riais® Khoshas amrihcdy (ud isk & L e ook o1 it
haimn el eodh e otiadm ral lasy Ko fhuinsa lae <Gx
S el o Wi hio E3ire Kile Agr Was s Cheioa ik

! See MERTENS 1995, p. 147.

? This section on the water of sulphur is transmitted by Cambridge University Li-
brary, MS Mm. 6.29 (15 century), ff. 64r-68r. The text is unedited, but a partial French
translation is available in BERTHELOT, DUVAL 1893, pp. 250-253. This section partially
overlaps with the ninth alchemical book included in two manuscripts kept at the British
Library, Egerton 709 and Oriental 1593. See BERTHELOT, DUVAL 1893, pp. 48-50 (Syriac
text) and 87-90 (translation).
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F1g. 3. Filtered water of sulphur (quicklime to sulphur ratio: 1:2; water). Labo-
ratory of the Chemistry Department, Bologna. Picture by M. Marchini.

F16. 3.1. Colouring of silver coins dipped into the water of sulphur (quicklime to
sulphur ratio: 1:2; water). Laboratory of the Chemistry Department, Bologna.
Picture by M. Marchini.
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BTN S oy <Lio 1m0yl s panva ﬂ;)v: aaro ~oao L\
s K L Kone ou e <oy heuk [661] ics ls xuwma
Kis verd A1 warmo pasro ;af ebdo @iar paara o =i
saho lrso Kmao Kouts Wi i Kias il <ar ed o s
fo lrsa il (@ E2ido Kias o Ar jar<o kS saara sase
Moahs o1 @B’ 1 hamis gaiy il (oml hwarma sara . <hamas
~aiol E=lo i iswo s iso &im als a»i Kiard uh o
A & aen okl e S &isa (ominda <nodl ve L
el i s e o lhioes O Khomns o1 ad ol axd
Now we are going to talk also about another water, the one which is mentio-
ned in other letters. So (this is) the famous water of sulphur, which is praised
everywhere. Here it is: quicklime,' 2 parts; sulphur,? 1 part. Wash a vessel and
fill it with water until it overflows; cover (the vessel), seal it with clay and let it
dry. When it is cold, stir it well and put over a burning fire for a long time. If hot
water is needed, add it and let (the water) rest. Let it settle and put aside: you will
find that (the water) has become as red as wine. Add hot water to what is left in
the vessel, cover and boil. Then pound it, let it cold down, take what is left out of
the vessel, add water and boil in the same way. Filter and you will find the water
that has become red like blood. For this preparation, instead of water, someone
add urine of youths, others vinegar, others water of ashes (i.e., lye) of our wood,
which (is suitable) for the preparation that they make. Others, once (the ingre-
dients) have been prepared, put (the liquid) in one of (these) vessels, namely in a
phial, in a lamp or in other vessels that they like.?

It is important to realize that Zosimus marked each of his books with
a letter of the Greek alphabet, as reported in the Byzantine lexicon Su-
da (10" century)* and confirmed by the Greek and Syriac traditions.”
In what remains of his books, the water of sulphur (or divine water)
is indeed ubiquitous. He reports to have explained its composition

! The Syriac term kelsa is the standard translation for the Greek &sBeotoc, ‘quicklime’
(translated both as al-kils and as al-niira in Arabic, with the second term also referring to
‘slaked lime”); see Kis 2010, vol. 2, pp. 1095-1099 and GOLTZ 1972, pp. 222-223.

2 The Syriac term kebrita (see also the Arabic al-kibrit) usually translates the Greek
detov, sulphur’; see Kis 2010, vol. 2, pp. 917-922 and GOLTZ 1972, p. 223.

? An Arabic version of this recipe is included in the Tome of Images (Mushaf al-suwar), a
dialogue between Zosimus and his pupil Theosebeia, which appears to be a compilation
of Zosimus’ passages already circulating in Arabic translation: see HALLUM 2009. The
work is transmitted by a single witness, istanbul Arkeoloji Miizeleri Kiitiiphanesi, MS
1574; a facsimile of the MS is available in ABT 2007, and its English translation in ABT,
Fuap 2011. The recipe for the water of sulphur is reported at fol. 162v of the Istanbul
manuscript; translation in ABT, FUAD 2011, p. 460.

4 See the entry devoted to Zosimus in Suda £ 168 Adler and MERTENS 1995, pp. XCVII-CI.

* See MERTENS 1995, pp. LXxxIx-xcI. The Syriac tradition, in particular, transmits
twelve books (books 3-5 were epitomized into a single book), six of which are marked
by a letter of the alphabet. See MARTELLI 2014a, pp. 201-203.
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(cOvdeoie) in the section of his books entitled On Composition, the
amount of its components in the section On Weights, and the heating
method in the section On Heating.' It remains unclear, however, whe-
ther he refers to the preparation described in the Leiden papyrus. In
fact, Zosimus explicitly acknowledges to interpret any liquid substance
mentioned by earlier authors (especially Pseudo-Democritus) as a refe-
rence to the water of sulphur, thus extending this name to a wide set of
dyeing liquids produced through different technologies.? On the other
hand, the Syriac recipe, as already remarked, is very close to the Lei-
den papyrus. In comparison with the papyrus, Zosimus prescribes to
use water rather than urine or vinegar, which are however mentioned
at the end of the Syriac text as possible substitutes preferred by other
practitioners. He also records a different ratio of quicklime to sulphur:
two to one rather than one to one as in the Leiden papyrus. Moreo-
ver, before being filtered, the liquid is boiled various times according to
Zosimus’ directions. A brief reference to a similar method also occurs
in a passage preserved in Greek, which is included in Zosimus short
chapter On Yellowing (Ilepi Eavddroenc):

To 8¢ drohehup.évov B3wp delov 0 v doBéatou wépm S0, nal delov pépog &v,
70 &v y0Tpa EYmuévoy xal docetpodievoy kol ey Edoduevoy, TOUTEGTL TO
03 wp 70 deiov, 10 elg dppn ypdpata Barrbpevoy.?

The divine water (understood) in a general sense, the one with two parts of
quicklime, one part of sulphur, which is boiled in a pot, filtered, and boiled
again, that is the divine water, the one which enters (the procedures for) both
colours (i.e., for dyeing white and yellow).

Both the Greek and the Syriac texts provide clear instructions, which
we could follow in laboratory. Two parts of calcium oxide (quicklime)
and one part of powdery sulphur were mixed in water and heated for an
hour and a half. After letting the mixture cool down and decanting, we
obtained a dark red water (Fi1G. 4), which was consistent with the de-
scription in the Syriac recipe: «it will become as red as wine». The second
part of the procedure is less straightforward, since Zosimus prescribes to
take out what is left in the vessel, add water, and boil again. The wine-
red water was filtered, resulting in an orange-brown solution (F1G. 4.1);
then the yellow solid filtrate was put back in the flask and more wa-
ter added. After heating the solution and decanting it, we obtained an
orange-brown liquid (F1G. 4.2) which was filtered according to Zosimus’

! Zosimus of Panopolis, On the Treatment of the Body of Magnesia, 5 (CAAG 11 189,15-
120,1). Zosimus also refers to his authentic book On Compositions (‘al rikabe) in the last
recipe of the Syriac section on the water of sulphur (MS Mm. 6.29, f. 68r): see BERTHE-
LOT, DUVAL 1983, p. 253. 2 See MARTELLI 2009, pp. 8-10.

3 CAAG 11 208,14-17.
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F1G. 4. Water of sulphur gently boiled for F1G. 4.1. Filtered water
1 hour and a half (quicklime to sulphur ra- of sulphur (quicklime to
tio: 2:1, water). Laboratory of the Chem- sulphur ratio: 2:1, water).
istry Department, Bologna. Picture by G. Laboratory of the Chem-
Montanari. istry Department, Bolo-
gna. Picture by G. Mon-

tanari.

instructions. When heated a little more, the liquid became darker (Fig.
4.3)" and was used to treat a clean silver coin that, after being dipped into
this liquid for a few seconds, became golden (F1G. 4.4). The colour and
sheen of the dyed coin is stable and durable.

In the procedure, after adding calcium oxide to the water solution it is
necessary to wait for a few minutes in order to have the conversion into
calcium hydroxide (the so-called ‘quenched lime’). Indeed, the reaction
of calcium hydroxide and sulphur yields polysulphides, ? soluble in water
and producing an orange to red liquid. When they react with silver, a
thin layer of silver sulphide appears on the surface of the coin. We must
note, at this point, that silver sulphide is black. However, if the silver sul-

! We had to heat the filtered liquid a bit more, since the water of sulphur must be
warm to react with silver.
2 See already CAAG 1 47; BERTHELOT 1893, pp. 85-86; HALLEUX 1981, p. 181.
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~— 3

F1G. 4.2. Filtrate of the water of sul-  F1G. 4.3. Water of sulphur that, after be-

phur boiled again in water (quick- ing boiled twice and filtered, is heated

lime to sulphur ratio: 2:1, water). again (quicklime to sulphur ratio: 2:1,

Laboratory of the Chemistry De- water). Laboratory of the Chemistry

partment, Bologna. Picture by G. Department, Bologna. Picture by G.
Montanari. Montanari.

phide layer on the coin is of the order
of 10-100 nm, a golden yellow colour
is observed, due to the interference
of light. Temperature, concentration,
and the length of time that silver re-
mains dipped into the solution are
crucial factors in the procedure. In-
deed, various colour changes arise, as
noted by Lawrence Principe: «when
a polished piece of silver is dipped
into it (i.e., the water of sulphur), the
metal quickly becomes tawny, then
golden, then coppery, then bronzy,

F1G. 4.4. Colouring of a silver coin
dipped into the water of sulphur
purple, and finally brown»." Some  that has been boiled twice and
samples of the different shades that filtered (quicklime to sulphur ra-
we observed when replicating the tio: 2:1; water). Laboratory of the
recipes are reported below (F1G. 5-7).  Chemistry Department, Bologna.
Picture by G. Montanari.

! PRINCIPE 2013, P. 11.
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F1G. 5-7. Various shades on coins dipped into the water of sulphur. Laboratory
of the Chemistry Department, Bologna. Pictures by M. Marchini.

PENETRATION AND STABILITY OF TINCTURES:
THE ROLE OF QUICKLIME

Many colours — as well as unpleasant scents — were experienced in an-
cient workshops, where Graeco-Egyptian alchemists experimented with
temperature, proportions of ingredients, and various liquids. While test-
ing and devising the formulas for the water of sulphur, they were wit-
nesses to the diversity of colour changes resulting from the reactions
between the substances at stake. This spectrum of transformations was
conceptualized in the framework of a broader discourse on the stabil-
ity of tinctures and the dyeing properties of natural substances, both in
dry and wet mixtures. Pseudo-Democritus warned young practitioners
against a distracted and hasty approach to the art of alchemy, urging
them to test ingredients with good judgment. Taking physicians as mod-
els, they were expected to carry out a close examination of the species:

...otov el 163 wév ot ounnTindy, T6de 3¢ EmiPBAnTéoy, xod el T6de wév EoTiy
Bomtindy, T63e d¢ dppocTéoy, ol el T63e TV Emipdvelay Totel, xal el xotd TV
gmipdvetay Zotar geuxtov ol éx Tob Bédoug pedfetan, xol el T63e pév EoT
muplporyov, T63e <8E> TposTAoKEY TTUELLAY OV TTOLEL X TA.

...whether one species can cleanse, another can be applied; whether one spe-
cies can dye, another can combine; and whether one species can make things
bright and, with respect to brightness, whether it is vanishing and vanishes
from inside; and whether one species can resist fire, and another, when mixed,
can make things fire-resisting etc.*

These were the principles (dpoppai) that guided any good practitioner in
his dyeing operations, as Zosimus remarks while commenting on Pseu-
do-Democritus’ passage.” The use of dye baths fostered the idea that a

! Pseudo-Democritus, On Natural and Secret Questions, 16 (MARTELLI 2013, pp. 96-97
= CAAG 11 47).
2 Zosimus of Panopolis, On the Exposition of Principles, CAAG 11 204,12-15.
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colouring agent, when diluted in a liquid, was absorbed by the metals
that were dipped into it. By penetrating their structure, it could trans-
form the metals from inside. In the previous section, we have already
discussed a similar model in reference to the colouring of gemstones.
In this respect, a telling analogy between the two technologies is drawn
in a section of the recipe-book Deep Tincture of Stones. First, the anony-
mous compiler singles out the three pillars of Pseudo-Democritus’ dye-
ing method for both metals and stones: letting the dye sink in (eiskrisis/
eloxpiole), tinging (baphe/ Bagy), and fixing the dye (katoche/xatoy?)."
He then specifies that Pseudo-Democritus, Maria the Jewess, and Zosi-
mus used to prepare a single ‘wash’ (zomos/Cwpbg) capable of perform-
ing the threefold action.

The water of sulphur exemplifies this methodology. Its colouring ac-
tion is explained by Zosimus within a larger discussion on the volatility
of sulphurous substances, namely substances that can dye but do not
resist fire:

Aud Tolto 0dv 66 Loy wev xal adtd (i.e., Todvavtiov) Yeidddec o’ o ol B3wp
Yelov adintov xnéxdnron: ot xal Todvavtiov; Emednmep Todvavtiov Bwe
Tuphe. Emippéov yap g B8wp 0dx && Exciva Tuphdy dvta EEnBardodon xal
pedyew: dAAG dérmTel adta T OypdTNTL, ol xotéyel Ewg BamTmow.

For this reason, the sulphurous substance, after which we name the water of
untouched sulphur, also (takes) its opposite as its own property. Why its oppo-
site too? Because water is opposed to fire. For it (i.e., the water of sulphur) flows
like water and prevents those substances that are flamelike from being burnt
into soot and fleeing. Indeed, it buries these substances under its moisture, and
holds them back until they dye.

References to the dyeing properties of sulphur are ubiquitous in Graeco-
Egyptian alchemical writings. Pseudo-Democritus, for instance, recom-
mended adding a pinch of sulphur to the dyeing drug, so that it could
easily sink in.? Zosimus used the term ‘sulphur’ (d<tov) to refer to a
whole class of colouring substances which included sulphur, orpiment,
and realgar.* None of these ingredients can resist fire and they all evapo-

! Similar lists of three basic operations also appear in Zosimus’ writings: see Chap-
ters to Theodoros, 3 (CAAG 11 215,21-216,1: TO %xaToYLLOY, %ol Tupipayoy %ol Pagindy).
See also the anonymous chapter On Powder (CAAG 11 205,3: B, eloxptolg, x&t0y00);
Berthelot-Ruelle’s tentative attribution of this chapter to Zosimus has been questioned:
see LETROUIT 1995, p. 36, n. 93.

? Zosimus of Panopolis, On What is a Substance and What is without Substance according
to the Art, 2 (CAAG 11 168,18-23).

? Pseudo-Democritus, On the Making of Silver, 8 (MARTELLI 2013, pp. 112-113 = CAAG
11 53,5-6).

4 See MARTELLI 2014b, pp. 32-33. Scholars have sometimes linked the origins of al-
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rate easily, resulting in unstable tints. Their dilution into a liquid to pre-
pare the water of sulphur was meant to make them fire-resisting, so that
they could penetrate the metals and provide a stable long-term dye. The
observation of the colour changes that the sulphur-quicklime solution
undergoes when heated — from yellow to orange-brown and red — might
have served as empirical evidence to the fact that the dyeing agent was
indeed retained by the water.

We must recall, at this point, that sulphur is not soluble in water: cal-
cium hydroxide (produced when quicklime is ‘quenched’ in water) must
react with sulphur to yield the formation of the red calcium polysul-
phides solution, which is our water of sulphur. Such a modern chemi-
cal explanation is obviously distant from Zosimus’ language and ideas.
Nevertheless, he did discuss the properties of quicklime in his writings.
Furthermore, he routinely referred to the water of sulphur as the one
prepared by means of quicklime, a recurring phrase that seems to emphasize
the role played by the ingredient in the mixture.

To quicklime Zosimus dedicated an entire chapter of his Authentic
Memoirs, whose opening lines read:

Ao Oy ToroBpan yvdboxetal yop 6Tt 6 AMidog 6 draBasctpeitng &yxépatog
néxhnton Sid O xéToyov adTov elvon Thome BapTc peuntig. !

I am going to make things clear. It is known that the alabastrites stone is called
‘the brain’ because it is capable of holding back every fugacious dye.

The term alabastrites refers to a calcareous substance, probably eggshells
in this context.? When calcinated, they produce quicklime (asbestos), as
also confirmed by the Byzantine Lexicon on the Making of Gold: «alabaster
(alabastros) is quicklime, the one (produced) from eggshells».? Interest-
ingly, another entry explains that the ‘divine water’ is the water prepared
by means of quicklime and alabaster.* We may wonder whether the
addition of quicklime to the water of sulphur was understood as a meth-
od for holding fugacious tinctures like sulphur in the water and making
them fire-resisting. Alabaster’s retentive capacity was already praised by
Maria the Jewess, who referred to alabastros as the whitest stone capable
of restraining whatever does not resist fire.>

chemy itself to ancient manipulations of sulphur (see HAMMER JENSEN 1921, pp. 41, 44)
or arsenic minerals (MULTHAUF 1966, pp. 108-109).

Zosimus of Panopolis, Authentic Memoirs, X111 1-3 (MERTENS 1995, . 48).

See MERTENS 1995, p. 48, n. 1, who also discusses its association with the brain.

CAAG 11 4,14-15: ANGBaoTpdg ¢oTv 86BECTOG, GTTO TGV QAOLEY TEHY OV RTA.

CAAG 11 8,10-11: ¥clov 88wp 0Tl 70 drworedupévoy 10 8t doBésTou xod dhafBéoToou.
> Maria’s quotation is reported by the seventh-century alchemist Stephanus of Alex-

andria in his Ninth Lecture, 11. 97-98 (PAPATHANASSIOU 2017, p. 216): oltwg 7 Mopio x&-

1
2
3
4
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Zosimus’ chapter On Quicklime is also preserved in Arabic translation,
as part of the larger treatise On Sulphurs: the Arabic text confirms that ala-
baster «restrains every dye which does not remain».' This information is
somehow expanded in the Arabic compilation Tome of Images, a dialogue
between Zosimus and his pupil Theosebeia. Here Zosimus claims that
alabaster is called quicklime (al-kils), because fire is concealed in both
substances.? A similar note is also found in a recipe of the Stockholm
papyrus, where quicklime is said to keep fire inside, after being removed
from the furnace.? In the Tome of Images, Zosimus adds another impor-
tant piece of information when he says: «you must know that everything
that is born in fire is capable of fighting fire».* Quicklime can be easily
conceptualised as a ‘born in fire” substance, as it is produced when calcar-
eous substances, such as eggshells or seashells, are burnt to ashes. Indeed,
Zosimus explains that the first substance which does not ‘flee’ (i.e., does
not quickly evaporate when heated) is «quicklime that comes out of the
seashell».” As such, it is opposed to the sulphurs that do not resist fire: ¢

L LS U ) s 15 (3 a3 gy 250 5 ety S5y S ) Al 8 e s colls
o Linns Lo those) 6la 4 ¢y panm Sl 5 S5 35l 5 il el il () i lale) U s lidle ) 36 )6

She (Theosebeia) said: Explain me your statement: “as for” sulphur, orpiment,
and realgar, they burn and are consumed quickly and the fire eats them quickly”.

He (Zosimus) said: Indeed, I gave you that teaching, and now I teach you
that, if you mix salt, alum, natron, quicklime, and makrasiyiin (sic) in water,®
they hold each other when they are cooked with a gentle fire.

703,06 (sic; lege x&T0Y0V?) TEVTWV TEBY TLELPEORTOY GAEBAGTEOY, TOV TEYU AEUXOTHTOY
AiBov, 10 Eyxéparov xTh. Interestingly, in this passage too the white stone is referred
to as ‘the brain’.

! Zosimus® Arabic treatise On Sulphurs is unedited; for a detailed description of its
contents and a close comparison with Zosimus™ Greek corpus, see HALLUM 2008, pp.
132-192 and 280-287.The passage on alabaster has been edited and translated in HaLLum
2009, P. 841 i <Y> dra S Guay 43,

2 On the Tome of Images, see above p. 126, n. 3. The passage on the alabastros stone
and quicklime is edited and translated in HALLUM 2009, p. 84 (Tome of Images, f. 220r):
Al (S 8 Ul il LS ad Ul liadudd GuS) iy, «As for (why we call alabaster)
quicklime, this is due to fire being concealed within it just as fire is concealed within
common quicklime».

3 P.Holm. 61 (Halleux 1981, p. 126): "AcBeotov, undémm huvdeicay H8att L8ov Eyovcay
HeTe THY xpLtvov T dpaveg Evdodev mhp, «Quicklime that, if not yet diluted in water,
after (burning in) the oven keeps its own fire hidden inside».

* Tome of Images, f. 74vi7: Al Jilia ged JUl A 450Y 5 (5 5Ss e 25 S Ol pleld,

° Tome of Images, f. 94v2-3: Gaall (e g saa 3 LS,

¢ Tome of Images, f. 9513-6. 7 Perhaps we should read ! instead of Lal.

8 AT, FUAD 2011, p. 325 translate the term as ‘marcasite’. Its usual name is marqasita
or marqasita (see Kis 2010, vol. 2, pp. 992-997).
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There is no reason to doubt that the same mechanics here described for
quicklime and the related substances was postulated for sulphur, orpi-
ment, and realgar too. They were restrained in water and saved from be-
ing consumed by fire, when mixed with quicklime (or with some of the
other substances in the list). A lesson that might have been learned from
the workshop practice, when these ingredients were actually mixed to
prepare the water of sulphur.

The fact that Zosimus attributed a central role to quicklime in the
making of dyeing waters is confirmed by his reading of Pseudo-Dem-
ocritus’ recipes. Zosimus devoted particular attention to the last recipe
of the book On the Making of Silver, which, unlike most Democritean
formulas, records the amount of the ingredients to be used. A gomos is
prepared and metallic leaves are dipped into it to remove their ‘shadow’.
The recipe reads:*

A&Eou dpoevirou odyyiay wioy, xal vitpou 0dyyiag T6 Hiuicv, ol @hotol OAA®Y
[Mepoaiov amardv odyyiog 800, %ol &hotog ALy, xol cuxapivou yuAol odyyioy
plov, <oTumTnpEiag> oylotis 10 loov. Actov 6pob &v 8Eel, 9 olipw, ¥) doBéote
otoxt], Ewg Yévntor Lopdc: eic Tobtov T Evonta mupl xatdPoamte TETOUAN, Kol
dmoonidoets. ‘H piotg Ty @OoLy xpatel.

Take orpiment, one ounce, and soda, a half-ounce, and the skin of the tender
leaves of Persaion, two ounces, and salt, a half-ounce, and mulberry juice, one
ounce, and the same amount of scissile <alum>. Grind together in vinegar, or
urine, or filtrate of quicklime, until a wash (gomos) is formed: dip into this wash
the dark metallic leaves while heating them, and you will make them ‘shadow-
less’. Nature masters nature.

Both in the Baltimore and Bologna experimental trials, we followed the
ancient text’s directions and tried to replicate the recipe in laboratory.
All ingredients can be identified with confidence, except for one of the
two plants mentioned. ? In fact, the identification of Persaion is debated:?
for the sake of convenience, we picked up the green leaves of any plant
growing in the University campus. We used both vinegar and filtrate of
quicklime, and in both cases, after mixing the listed ingredients and heat-
ing them for a while, we produced a yellow gomos (FiG. 8).

! Pseudo-Democritus, On the Making of Silver, 9 (MARTELLI 2013, pp. 112-115 = CAAG
11 53,7-11).

2 Sukaminos (cuxéuivoe) is identified with blueberry (ANDRE 1985, p. 253; AMIGUES
2006, p. 337), which has been used for replicating Pseudo-Democritus’ recipe. Given the
Egyptian background of his books, we cannot exclude that he meant the Egyptian suka-
minos (cuxgpivog ) Alyvrtie), fig, sycamore’. We must note, however, that for other
Egyptian ingredients Pseudo-Democritus specified their region of origin: AlyOmtiog
#6Yy0¢ (MARTELLI 2013, P. 79, 1. 31 = CAAG 11 42,17); xbp.pt dxévdne Alyvrtioc (MAR-
TELLI 2013, . 116, L. 13). ? See MARTELLI 2013, p. 233, 0. 23.
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F1c. 8. Pseudo-Democritus washes (gomoi) prepared with filtrate of quicklime
(L) and vinegar (V). L. Principe’s laboratory, Baltimore. Picture by L. Raggetti.

F1g. 8.1. Various shades of silver on copper coins dipped into Pseudo-Democri-
tus’ wash prepared with filtrate of quicklime (L). Laboratory of the Chemistry
Department, Bologna. Author’s picture.

At the end of the recipe, Pseudo-Democritus instructs us to dip dark
metallic leaves into the gomos, without specifying the metal to be used.
Here, he only says that its ‘shadow” will be removed after the treatment.
In his reading of the recipe, Zosimus shows no doubt in identifying the
metal with copper. Furthermore, he explains that the copper leaves be-
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Fi1G. 8.2. Colouring of two
copper coins dipped into
Pseudo-Democritus’ wash
prepared with filtrate of
quicklime (L). L. Principe’s
laboratory, Baltimore. Pic-
ture by L. Raggetti.

MATTEO MARTELLI
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Fic. 8.3. Colouring of a copper coin
dipped into Pseudo-Democritus’ wash
prepared with filtrate of quicklime (L) and
filtered. L. Principe’s laboratory, Balti-
more. Picture by L. Raggetti.

come white after being dipped into the gomos.* After all, the recipe is part
of the Book on the Making of Silver, which usually describes procedures for
whitening (Aeuxaivewv) metals, especially copper.?

! Zosimus of Panopolis, On

the Detailed Presentation of the Work, 8 (CAAG 11 161,10-

16). Moreover, the adj. doxinctog always qualifies copper in Pseudo-Democritus’ re-

cipes.

2 Pseudo-Democritus’ reference to the shadow of copper leaves might also suggest
interpreting the recipe as a method for cleansing oxidized copper. In our replications,
we dipped an oxidized copper leaf into both solutions, but no noticeable colour change

was brought about.
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The replication confirmed that one of the two liquids has dyeing
capacity. When dipped into the gomos prepared with quicklime, cop-
per readily changes its colour and becomes from silvery to smoke-grey
(F1G. 8.1). The shade and shine depend on the time of exposure and
the concentration of the solution, which works better if filtered. After
some practice, we were able to make copper look astonishingly like
silver (F1G. 8.2-8.3).

By way of contrast, the coin underwent no colour change when dipped
into the gomos prepared with vinegar (F1G. 9, on the left). As in the case of
the water of sulphur, the role of quicklime is pivotal in the procedure, since
a basic solution is necessary for the orpiment (an arsenic sulphide) to “dis-
solve,” resulting in a reactive solution that can attack the surface of copper.

As mentioned above, the centrality of quicklime seems to be acknowl-
edged by Zosimus in his interpretation of the recipe. In a section dealing
with the right amounts of ingredients to be used in dyeing procedures,
he commented on the technique described in Pseudo-Democritus’ text,
which is quoted almost verbatim:*

"Eyet odv &v T botépa T@V Lopdv- dpoevirov odyyiay a’, xod viteov futcv, xal
pAoLév POAAwY Ilepoéac dmaridy odyyiag B, xol &hag Aoy, xal cuxapivoy
Aol odyyilay o, %ol oTumThpiog oyloThe 0 Toov? cullethoag Bl 6ol
¢v kel ) ofpw ¥ doBéotov oTaxTh,? fwe yévnTow Lwpbs. Elte #voria mupl?
xotaBémrel TéToho nod dosrtGoeLs Totel. Act odv o Aetmovto ThyvTa BéAheLy,
b Ye ThvTwy, dofésTou wépy B Teog Yetou xod dpoevinou xal cavSopdyme
wépog o, xoil T0 H3wp-* %ol oGV TEG UdWE AeLundY Loppbpw TopEPEPES, &V
o)t Totilety 3 EPelv TPoVAA® ® TO TposLpnévoy chvepa.

In the last (recipe) of the washes (Democritus) maintains orpiment, one ounce,
and soda, a half-ounce, and the skins of the tender leaves of Persea, two ounces,
and salt, a half-ounce, and mulberry juice, one ounce, and the same amount
of scissile alum, mixing all together in vinegar or urine or filtrate of quicklime,
until a wash is formed. Then he dips dark (metallic) leaves while heating them
and carries out the procedures for making them ‘shadowless’. So, we must add
everything that is missing, first of all (we must add) two parts of quicklime to

! Zosimus of Panopolis, On Weights, 2 (CAAG 11 178,18-179,4). The text as edited by
Berthelot-Ruelle has been revised after a fresh reading of the most important witnesses:
MSS Marcianus gr. 2909 (ff. 153%-154" = M), Parisini gr. 2325 (f. 139" = B) and 2327 (f. 127v =
A). A selection of variants is recorded in the following notes.

2 MS M reads toig, MSS BA read tobrots. I've corrected the text by following Pseudo-
Democritus’ recipe.

3 MS M has ctéxn, MSS BA read otahoxti &vmoov and omit €wg yévnrat Lwp.be.

4 All MSS read év o mupde, which was corrected on the basis of Pseudo-Democri-
tus’ recipe.

> MS M reads 76 u* u* (perhaps a diplography); MSS BA read & vT u?T,

¢ MS M reads TpoOANOL.
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Fi1c. 9. Different colour changes of copper dipped into Pseudo-Democritus’
washes: on the left, wash prepared with vinegar (V); in the centre, wash pre-
pared with filtrate of quicklime (L); on the right, filtered wash prepared with
filtrate of quicklime. L. Principe’s laboratory, Baltimore. Picture by L. Raggetti.

one part of sulphur, orpiment, and realgar, and to water. After preparing a wa-
ter as white as marble, use this water to moisten or boil the above-mentioned
mixture in a vessel.

Quicklime is the first ingredient that one should add to Pseudo-Democri-
tus’ formula, Zosimus immediately recommends thus acknowledging
its strategic role in the preparation of the dyeing zomos. He also specifies
the amount of quicklime to be used — the same that is also recorded in
his recipe for the water of sulphur. Its addition, indeed, makes it pos-
sible to prepare a basic solution in which the arsenic mineral (orpiment
in Pseudo-Democritus’ recipe) can be diluted. The mention of sulphur
along with orpiment and realgar (another arsenic mineral) is likely due
to Zosimus’ classification of the three ingredients, which belonged to the
same class of dyeing substances that he called “sulphurs’ (see above). It is
notable that, in his comment on the recipe, he makes no mention of the
vegetal ingredients, and their role in Pseudo-Democritus’ recipe remains
unclear. Interestingly, in a list of substances that must be diluted in water
for the making of dyeing waters, Zosimus lists «lime, which is called mul-
berry juice».! The list is mainly taken from Pseudo-Democritus’ cata-

! Zosimus of Panopolis, On the Detailed Presentation of the Work, 2 (CAAG 11 159,16):
Titavog, 6¢ TpooxkéxAnTal 0Tt cuxaivou.
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logues and proves how Zosimus interpreted the term ‘mulberry juice’ as
a codename for lime, which provides a further evidence for the relevance
that he attributed to this mineral, as well as his classificatory framework.
Laboratory experiments confirm that a simple gomos prepared with quick-
lime and arsenic minerals in water — with no plants in it — has the same
dyeing properties as the wash described in Pseudo-Democritus’ recipe.’

Zosimus’ reading of Pseudo-Democritus’ recipe exemplifies what Jen-
nifer Rampling called «practical exegesis».? In interpreting this earlier
text, Zosimus relied on his own workshop practice, which was marked
by lived experiences of colouring metals with the water of sulphur.
These experiences informed his examination of the behaviour and in-
teraction of those substances that entered the formulas for alchemical
waters. In the books of the founders of alchemy Zosimus looked for ef-
fective formulas and methodological principles that could guide his own
experiments and procedures, in a continuous effort to conceptualise the
colour changes and transformations he witnessed while manipulating a
wide range of materials. He tested natural substances, classified various
types of tinctures, and explored the mechanics of dyeing in workshops
and libraries. It was from this dynamic combination of reading, experi-
menting, and theorizing that Zosimus’ idea of transmutation emerged,
not from a separation of philosophy and experimentation, as Needham
described, but from a lived practice of alchemical tinging.

*

This research is part of the project Alchemy in the Making: From Ancient Babylonia via
Graeco-Roman Egypt into the Byzantine, Syriac, and Arabic Traditions (acronym AlchemEast)
and of the prIN research project Material and Visual Culture of Science: A Longue Durée Per-
spective, University of Pisa Unit. The AlchemEast project has received funding from the
European Research Council (Erc) under the European Union’s Horizon 2020 research
and innovation programme (grant agreement no. 724914).
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