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Cinnabar was one of the most common red pigments throughout history and was
obtained naturally and artificially. Considering this pigment's importance and wide
application in Persian artworks, this research will attempt to study the identification
characteristics of natural and artificial cinnabar by microscopic and spectroscopic
methods. Therefore, the research tries to answer the question, what are the identifying
characteristics of the cinnabar resulting from its making methods in old Persian
recipes? Natural cinnabar was prepared from the historical bazaar of Tabriz, and
artificial kind was made based on different old Persian recipes from the 12 to the
19" centuries. After applying the necessary processes on samples, including acid
washing with pomegranate juice and lemon juice, the identification characteristics of
the pigment in pure form and combination with gum and animal glue binders were
investigated using a polarized light microscope, Raman spectroscopy, SEM-EDX, and
reflective spectrophotometer. The results show that despite the difficulty of separating
artificial and natural cinnabar with a light microscope, they separate by SEM images
based on their morphology differences. Also, EDX analysis makes it possible to
identify them according to the ratio of sulfur to mercury due to impurities in natural
cinnabar. Analysis of the Raman spectrum with an emphasis on the 253 cm band can
be an important indicator for identifying cinnabar pigments without interfering with
binding effects. However, the distinction between natural and synthetic pigments
requires statistical analysis.
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Javahir Namah-i
Nizami
Arayes al-javaher va
nafayes al-atayeb

Savad al-Khatt

Midad al-Khotot

Golzare Safa

Adab al-Mashq

Qanoon al-Sovar

Khat va Morakkab

Hilyat al-Kottab

Golestan-e Honar

Resaleh dar Bayane
Sakhtane Morakkabe
Alvan
Resale-ye Tala va
Noghreh Va Hall
Kardane Anha

Morakkab Sazi va Jeld
Sazi
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Table 1: The recipes of cinnabar making in Persian old texts.

1195

1300

1503

1528-29

1543

16" century

16" century

16" century

1596

17" century

Safavid

18" -20"
centuries

19" century

Combine mercury and sulfur and ignite it
until it changes color to red.
Vermilion is created by mixing mercury
and sulfur.

Combine mud, mallow flower, human
hair, and bran, then fill half of a glass
after rubbing. After grinding sulfur and
mercury (1:1) together, pour it into a
sealed glass and create a hole in the lid.
Slowly heat it for half a day until the
black smoke completely dissipates. Once
the white smoke appears, seal the
container until it liquefies.

Same to 3

Grind sulfur and mercury (1:1) together,
pour it into a sealed glass with a hole in
the lid, and heat it until the black smoke
dissipates completely. Once the white
smoke appears, seal the container until it
liquefies.

Mix three to four shekels of mercury with
three shekels of sulfur and grind them
together until they become ash. Then heat
it in a sealed jar for half a day.

It is derived from the fusion of sulfur and
mercury through the process of heating.

It is derived from the fusion of sulfur and
mercury through the process of heating.

Similar to the Medad-al Khutoot, the
proportion of mercury can be half that of
sulfur.

YO-Y'7 A(NEY) A /55, 6o9Ld 9 pgle (Sole dy puits

To prepare the pigment, it should
be brayed on a stone with sour
pomegranate juice, added drop
by drop, until it becomes very
soft. Then it should be left in a
bowl for two or three hours to
collect its essence. Pour off the

liquid and transfer the remaining
sediment at the bottom of the

bowl into a new, smooth pottery
to dry. Afterward, mix it with
animal glue or gum before using
it.

The pigment is brayed on a stone
with sour pomegranate juice
added drop by drop until it
becomes very soft. It is then
soaked in water in a bowl for one
or two hours, and the sediment at
the bottom of the bowl is poured
into completely dry pottery to
dry. It is then mixed with gum.

Same to 5

After grinding and washing the
pigment thoroughly, it is treated
with lime juice and allowed to
dry. Finally, it is combined with
gum Arabic before use.
Grind the cinnabar, bray it in
water, filter it, and then mix it
with gum Arabic.

Same to 5

Same to 4

(10)

(41)

(42)

(43)

(44)

(45)

®)

(46)

(47)

(48)

(49)

(50)
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Table 2: The samples and their making methods.

Making process The Paint Figure

T We purchased natural cinnabar from the market and ground it 35; '56;%9689
completely in a stone mortar. 22'1010'51
The lab-made synthetic vermilion, after cooling from the furnace, 29.39+0.92
MP was thoroughly ground in a stone mortar until it reached a flour- 24.37+0.74
like consistency without any hardness felt. 18.32+0.6
After grinding, washing, and drying, natural cinnabar was mixed 43.11+0.4
T with gum and then applied as a thick layer on a glass slide using a 34.19+0.55
brush. 26.21+0.97
Similarly, after grinding, washing, and drying, the artificial 34.16+0.33
A vermilion was mixed with gum and applied as a thick layer on a 22.48+0.12
glass slide using a brush. 16.83+0.34
The powdered artificial vermilion was washed twice with lemon 40.61+0.51
@ juice and water, then combined with animal glue and applied as a 24.80+0.31
thick layer on a glass slide using a brush. 21.49+0.52
The powdered artificial vermilion was washed twice with 37.26+0.56
AT pomegranate juice and water, then mixed with animal glue and 20.79+0.16
applied as a thick layer on a glass slide using a brush. 15.58+0.22
After being washed twice with pomegranate juice and water, the 38.87+0.50
AM powdered artificial vermilion was mixed with gum Arabic and 23.36+0.22
applied as a thick layer on a glass slide using a brush. 20.36+0.58
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Figure 1: The samples PPL (Left) and XPL (Right) microscopy images, artificial Cinnabar (a, b), natural Cinnabar (c, d).
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Figure 2: The samples SEM images, natural Cinnabar (Tp), artificial Cinnabar (Mp).
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Figure 3: Raman spectra of samples (a) and their 2D plots based on the situation and width of 253 cm™ pick (b); The first derivative of samples
spectra (c) and their PCA (d).
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Figure 4: a: The FORS spectra of samples surfaces; b: Fourier self-deconvolution of spectra.
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