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Characterization of the reagents
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Figure S1. XRPD pattern of sulphur used for the synthesis of cinnabar. Phase identification was performed using the PDF
2 Release 2004 database.
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Figure S2. XRPD pattern of mineral orpiment used for the synthesis of cinnabar. Phase identification was performed using
the PDF 2 Release 2004 database.
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Figure S3. XRPD pattern of mineral realgar used for the synthesis of cinnabar. Phase identification was performed using
the PDF 2 Release 2004 database.
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Figure S4. XRPD pattern of mineral stibnite used for the synthesis of cinnabar. Phase identification was performed using
the PDF 2 Release 2004 database.

Synthesis of the cinnabar form sulphur and mercury

700 mg of mercury were ground with 350 mg of sulphur (Ss) which correspond to a molar
ratio 3:1 S:Hg in a 1-mL steel jars that contained three steel spheres (J = 3 mm, 0.545 g) at
25 Hz. The reaction mixture was ground for six hours and then heated at 350°C for 24 hours.
For the same batch, XRPD pattern was collected after three hours of milling, six hours of
milling and after the thermal treatment (Figure S6).
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Figure S5. Comparison between XRPD pattern of ground powder obtained by milling sulphur and mercury three hours at
25Hz (up), six hours at 25Hz (middle) and after heating at 350°C (bottom).
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Figure S6. XRPD pattern of the ground powder obtained upon grinding sulphur and mercury for three hours at 25Hz which
corresponds to a mixture of sulphur (yellow lines) and metacinnabar (black lines) and unreacted mercury (broad bump at
6=~ 30°). Phase identification was performed using the PDF 2 Release 2004 database.
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Figure S7. XRPD pattern of the residual powder obtained upon heating for 24 hours at 350°C a mixture of sulphur
(yellow lines) and metacinnabar (black lines). Phase identification was performed using the PDF 2 Release 2004
database.

Figure S8.The custom-made furnace used for the synthesis of cinnabar. A thermocouple was used for monitoring the
temperature.
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Figure S9. XRPD pattern of the red powder obtained by heating the mixture of sulphur and mercury for three hours at
600°C. Phase identification was performed using the PDF 2 Release 2004 database.

Synthesis of cinnabar from mercury and orpiment

700 mg of mercury were ground with 350 mg of orpiment (As2S3) which correspond to a
molar sulphur:Hg 1.1:1 in a 1-mL steel jars that contained three steel spheres (J = 3 mm,
0.545 g) at 25 Hz.The reaction mixture was ground for six hours and then heated at 350°C
for three hours. For the same batch, XRPD pattern was collected after three hours of milling,
six hours of milling and after the thermal treatment (Figure S10).
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Figure S10. Comparison between XRPD pattern of reagent orpiment As,S3 (up), of the ground powder obtained from Hg
and As,S3 (middle) and of the ground powder heating at 350°C (bottom).
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Figure S11. XRPD pattern of the ground powder obtained upon grinding orpiment and mercury for six hours at 25Hz which
corresponds to a mixture of metacinnabar (black lines) and amorphous phases (broad bump at 6=~30°). Phase
identification was performed using the PDF 2 Release 2004 database.

Figure S12. Kjeldahl flask used during the heating process. The rectangular figures indicate the two different samples of
powder analyzed.
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Figure S13. XRPD pattern of the residual powder (a. bottom of the flask; b. scratched from the glassware) obtained upon
grinding As,S3 with Hg (three hours at 25Hz) and heating the so-obtained powder at 350°C. Phase identification was
performed using the PDF 2 Release 2004 database.
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Figure S14. XRPD pattern of the residual powder obtained upon grinding As,S3 with Hg (three hours at 25Hz) and
heating the so-obtained powder at 600°C. Phase identification was performed using the PDF 2 Release 2004 database.

Synthesis of cinnabar from mercury and realgar

700 mg of mercury were ground with 350 mg of realgar (Ass+S4) which correspond to a molar
sulphur:Hg 1:1.1 in a 1-mL steel jars that contained three steel spheres (& = 3 mm, 0.545
g) at 25 Hz.The reaction mixture was ground for six hours and then heated at 350°C for
three hours. For the same batch, XRPD pattern was collected after three hours of milling,
six hours of milling and after the thermal treatment (Figure S15).
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Figure S15. Comparison between XRPD pattern of reagent orpiment AssS4 (up), of the ground powder obtained from Hg
and As4S3 (middle) and of the ground powder heating at 350°C (bottom).
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Figure S16. XRPD pattern of the ground powder obtained upon grinding realgar and mercury for six hours at 25Hz which
corresponds to a mixture of metacinnabar (black lines) and amorphous phases (broad bump at 6=~30°). Phase
identification was performed using the PDF 2 Release 2004 database.

Figure S17. Kjeldahl flask used during the heating process. The rectangular figures indicate the two different samples of
powder analyzed.
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Figure S18. XRPD pattern of the residual powder (a. bottom of the flask; b. scratched from the upper part of the Kjeldahl
flask) obtained upon grinding AssS4 with Hg (three hours at 25Hz) and heating the so-obtained powder at 350°C. Phase
identification was performed using the PDF 2 Release 2004 database.
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Figure S19. XRPD pattern of the residual powder obtained upon grinding As4S4 with Hg (three hours at 25Hz) and
heating the so-obtained powder at 600°C. Phase identification was performed using the PDF 2 Release 2004 database.

Synthesis of cinnabar from mercury and stibnite

700 mg of mercury were ground with 350 mg of orpiment (Sb2S3) which correspond to a
molar sulphur:Hg 0.9:1 in a 1-mL steel jars that contained three steel spheres (& = 3 mm,
0.545 g) at 25 Hz.The reaction mixture was ground for six hours and then heated at 350°C
for three hours. For the same batch, XRPD pattern was collected after three hours of milling,
six hours of milling and after the thermal treatment (Figure S21).
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Figure S20. Time evolution of the milling reaction between mercury and stibnite. Milling conditions: 50 Hz for three hours
with three 4 mm steel milling balls. No reactions occur.
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Figure S21. Comparison between XRPD pattern of reagent stibnite Sb,S3 (up), of the ground powder obtained from Hg

and Sb,S3 (middle) and of the ground powder heating at 350°C (bottom). Phase identification was performed using the
PDF 2 Release 2004 database.
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Figure S22. Comparison between XRPD pattern of the ground powder obtained upon grinding stibnite and mercury for
six hours at 25Hz and mineral stibnite. The broad bump at 6=~ 30° can be ascribe to the presence of mercury.
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Figure S23. Kjeldahl flask used during the heating process. The rectangular indicates the sample of powder analyzed.
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Figure S24. XRPD pattern of the residual powder obtained upon grinding Sb,S3 with Hg (three hours at 25Hz) and
heating the so-obtained powder at 350°C. On the glassware condensed only unreacted mercury. Phase identification
was performed using the PDF 2 Release 2004 database.
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Figure S25. XRPD pattern of the residual powder obtained upon grinding Sb,S3 with Hg (three hours at 25Hz) and
heating the so-obtained powder at 600°C. Phase identification was performed using the PDF 2 Release 2004 database.
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Ancient Sources
Text 1: Anonymous Byzantine recipe. Edited by R. Halleux, Traités des arts et métiers,
Paris 2021, p. 118.

Moinaig kivvaBapewg. Ael EuRaAciv €ig Buiav Beiou atmipou Aitpav a” kai udpapyUpou AiTpag
B” kai Tpiyag aueodTepa €ig TRV Bueiav Auépav piav kai EuPale auTa €ig Brkov UEAIVov Kai
QINWOOG TO oTOUA AUTOD PETA TTUPIKNAXOU TTNAOKapPROUVOU £XOVTOG TTaX0G OAKTUAOUG Y’ Kai
EuBale auTa gic autépaTtov TP &M Wpag ¢° A 0 kai €0 oUTwS éKBAAWV EUPATEIC AUTH
BwAotroinBévTta a1dnpocidf. TodTto Tpiwov €i¢ AoV peTa UdaTog TTOAAGKIG. “Ocov yap TPIREIS
aUTa ToooUTov Eavead yivovTal. To yap B€iov ATTUPOV TO PEUKTA GQEUKTA TTOIET.

The making of cinnabar. You must put unburnt sulphur, one ounce, and mercury, two
ounces, in a mortar. After grinding them both in the mortar for a day, put them in a glass flask
and seal its opening with a three-fingers thick fireclay made of mud and coal. Put them on a
fire for the spontaneous digestion for 6 to 9 hours, then take it out and you will find an iron-
coloured mass. Grind it several times in the sun with water. In fact, the more you grind, the
more it turns yellow. Indeed, unburnt sulphur makes volatile substances fixed.

Text 2: Anonymous Byzantine recipe. Edited by A. Colinet, Recettes alchimiques (Par. Gr.
2419; Holkamicus 109) Cosmas le Hiéromoine, Chrysopée, Paris 2010, pp. Ixxxviii-Ixxxix.

KivwvaBdapews okeuaaoia. <Aape> udpapyUpou pépn B, kai Beiou (WVToG AeAsiwpévou <...>
oUpou kaBapol pépog a’. Kai AaBwv Bikiov kaBapdv duvartdv, kai dveu katrvol TV
duvapewv BaaoTtdoal THV TTUPAV, BAAE TAV OKEUNV €ig alTO: Pn) yéuel O€, GAAG paAAov iva €aTi
kevov 6oov ddkTula B’ A y'. Kai avaui§ov TavTa, Kai Toinoov Kapiviov oiov Tod UeAoyod:
€0Tw O¢& Tol0UTOV BIKiOV €UPUXWPOV: Kai Apeg TéTTIOV Ooov BéAEIG €ioeANBEV TO BIkiov, Kai
Xwploov KaAapov Kai ueta tTadta dvayov 10 kKapiviov. "Eacov 6¢ kai ETépav Bupiditdav hIKpav
00ev YéAAel eioeNBETvV TOT TTUPOC AABPa KUKAWBEV. To &8¢ anueiov TAC EWPRoEwS TOIOTTOV £€0TI-
TAPNoov 10 Kévwua ToU BIKiou, Kai €av idNg £EepXOUEVOV KATTVOV WaEl TTopPUPAC OXAMO
ExovTa, kai Thv BeppdTnTa (fortasse lege xpoav) kivvapapifouaav, idou yéyovev. KatdAeite
TTAéov TOO ékkaiclv TO UENIOV- €i yap ToUTou yevopévou TTAEov €B€Ael Ekkadoal, pryyvuTal TO
UéAIov.

Preparation of cinnabar. Take mercury, two parts, naturally occuring sulphur (sulphur vivum)
that has been ground, (a part), pure urine, a part. Take a clean, hard flask, which is resistant
to a smokeless fire, and put the mixture in it. Do not fill the flask, but rather let it remain
empty for two or three fingers. Mix all the ingredients together and set up an oven similar to
the one used by glassmakers. The flask must be large. Leave enough room (in the oven) to
fit the flask, split the reeds, and light the oven. There must be a little window where the flame
can escape all around. This is the sign that the mixture is cooked: look at the empty part of
the flask, and if you see a rising smoke that looks purple and has the colour of cinnabar, you
must know that it is done. Do not allow the glass to be heated any longer. In fact, glass will
break if you continue to heat it up too much.

Text 3: the Arabic Book of the Keys of the Work attributed to Zosimus of Panopolis, Dar al-
kutub, MS Kimiya’ 23, fol. 51r5-6.
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| taught you that what makes every work perfect is cooking and grinding. If you seek the
truth, know that mercury is what transforms natures (that) are confined/fixed in it and through
it.

Text 4: Pseudo-Democritus, On the Making of Gold, § 2 (that is, the fifth section of Physika
kai mystika). Edited by M. Martelli, The Four Books of Pseudo-Democritus, Leeds 2013, p.
86.

AaBwv Udpdpyupov, Tigov T® TG payvnoiag cwuaTti, A T 100 ITaAIkol OTiHEWS CWHATI, f
Beiw aUpw, N aPpoceAnvw, N TITAVW OTITW, A aTUTITNPEIA TH &0 MAAOU, N APOEVIK®D, i WG
ETTIVOEIG.

Take mercury and make it solid (lit. “fix/freeze it") with the body of magnésia, or the body of
Italian stibnite, or with unburnt sulphur, or with moon foam, or with roasted lime, or with alum
from Milos, or with orpiment, or according to your knowledge.

Text 5: Zosimus of Panopolis, Syriac Book of Mercury, Cambridge University Library, MS
Mm. 6.29, fol. 57r20-57v3.
o .auiae o L oine o o Al s o inheson ALY o e \Xvnk\:n

woms homy aamallia ey o Wy o aal\aw eas o s>
The mercury that we have detected is solidified by orpiment or realgar or white lead or
magnésia or ltalian stibnite. It is indeed solidified by those substances in which the
philosopher (i.e., Pseudo-Democritus) said that it is contained.

Text 6: the Arabic Tome of Images, book 2, attributed to Zosimus of Panopolis, istanbul
Arkeoloji Muzeleri Katiphanesi (Istanbul Archeology Museum Library), MS 1574, fol.
50r15-50v1
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Do you not see how the sage said: ‘if you put the mercury from cinnabar with it (i.e. ‘the
male’), then a great secret belongs to them’? She said: ‘And what is that secret?’. He said:

‘Take the two and mix them. After mixing them until they thicken, you will find that the
mercury becomes thick and the male turns into ashes hidden in the mercury.
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