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Fig 1. Types of decorations in the Karim Khani Citadel of Shiraz: (a) Ahakbori ,(b) wall painting, (c) carving, (d) brickwork, (¢)

wooden sash
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Fig 2. Design of motifs on the walls of the Karim Khan Citadel
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Fig 3- Exterior view of Karim Khan Zand Castle
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Table 1. Sampling Specifications

Code

Color

Place of
Sampling

Scale
(mm)

Standard

Layer
Depth

01

Red

Side
corridor of
the Shah
Neshin

room-
North Side

120%75

Original
color

Surface
sampling

02

Blue

Side
corridor of
the Shah
Neshin
room-

North Side

120%75

Original
color

Surface
sampling

03

Green

Side
corridor of
the Shah
Neshin

room-
North Side

120*75

Original
color

Surface
sampling
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Fig 5. Micr+scopic image of the substrate and color layer,
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Fig 4. Sampling location of the mansion's mural decorations
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Table 2. FT-IR Analyses.(Source: RRUFF ID: R050061.1, R050508.1, And R050269.1)
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Table 3. Raman Analyses. (Source: RRUFF ID: R050072, R050531, And R050269)
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Table 5. EDS results of the studied samples based on weight and atomic percentage
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absorption bands at 882 cm-1, 1065 cm-1, 1708 cm-1, and
1920 cm-1, indicating the presence of malachite.

D- SEM-EDS analysis

Elements identified in the EDS analysis of the red
pigment also show magnesium, aluminum, silicon, sulfur,
calcium, chlorine, lead, potassium and iron. The presence
of lead indicates the presence of lead oxide or sinter in
the red pigment and a small amount of iron indicates
other compounds in the red color, which will likely be
the presence of ochre. The red pigment is used in multi-
tonality in flowers, ranging from dark to light. The presence
of calcium is also due to the presence of gypsum under the
color layer. The presence of aluminum, silicon, and sulfur
in the structure of pigments is the key element of the lapis
lazuli pigment (Na8AI6Si6024S2). These elements are
also observed in the composition obtained from SEM-
EDS analysis of the blue pigment. The elements identified
in the green pigment are magnesium, aluminum, silicon,
sulfur, calcium, and copper.

Conclusion

According to findings, during the Zand period, mineral
paints were used to decorate buildings in the form of
murals. The final results obtained atre: red color (Red
Lead (Orange Mineral)) and a small amount of ochre
(iron oxide Fe203), blue color (Ultramarine Blue), green
color (Malachite). The red lead pigment is lead tetroxide
Pb304, which is obtained by melting lead white. This
pigment has a light velvety color and good covering power.
Lapis lazuli blue pigment is a mixture of the blue mineral
lazulite, also known as ultramarine. The green pigment is a
natural (mineral) alkali copper carbonate with the chemical
composition Cu2(CO3) (OH)2, which has a similar
structure to blue alkali copper carbonate but has a higher
water content. Therefore, considering that the structure of
the paints was in the form of mineral compounds, it can
be acknowledged that one of the most important reasons
for their durability is this structure.
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in painting on canvas. This sample of oil paints was used in
painting on canvas. Considering the arrival of these paints
in Iran, the purpose of this research is to identify the
pigments and substrate of the wall paintings of the Karim
Khani castle in order to understand the characteristics of
the paints and the reason for their durability under the
plaster layer of the Qajar period. The questions raised are:
what types of materials were used in painting during the
Zand dynasty? Given the arrival of new oil paints from
Europe in the Zand dynasty court, were these paints used
in mural paintings?

Materials and methods

To identify and examine the pigments in the murals,
sampling principles were followed, and then they were
analyzed and examined based on instrumental methods. A
microscopic image of the sample was taken using a ZTX-
3E020 optical microscope made in China at the central
laboratory of Shiraz University of Art. A magnification
of 200X was used for imaging and the constituent layers
were identified. Fourier transform infrared spectroscopy
(FT-IR) analysis was performed using a Tensor 1I model
device manufactured by the German company Bruker at
the central laboratory of Shiraz University. The range used
was between 400 and 4000 cm-1. To evaluate the crystal
shape and elemental composition of the studied sample,
a scanning electron microscope (SEM) model TESCAN-
Vega3, manufactured by TESCAN, Czech Republic, and
equipped with an energy dispersive X-ray spectrometer
(EDS) was used at Shiraz University. To examine the
elemental compositions, a Confocal Raman Spectroscopy
and Microscopy device (Lab Ram HR model) with a laser
wavelength of 532 nm and a power of 100 mW Acq
5s G1800 (450-850 nm) Hole 150) (Edg ND 25% Obj
x50 VIS LWD Acc 5 made in Japan was used at Shiraz
University.

Results and Discussion

A- Microscopic Examination of Mural Paintings

In these decorations, the layers were applied in such a way
that a layer of straw was placed on the brick layer, then a
layer of plaster was placed on it, and paint was applied on
1t.

B-FTIR analysis results

The red pigment of the citadel, the bands in the region
of 598 cm-1 and 670 cm-1, identify calcium sulfate as
a white color layer, which is affected by the presence of
S-O bonds and is due to the presence of a gypsum layer
in the underlying color layer. The band in the region of
1112 em-1 also indicates the presence of calcium sulfate
as a layer that was probably used in the substrate. In this
spectrum, the absorption band in the region of 1321 cm-1
indicates the presence of a mineral containing iron, which

was probably used in the red pigment. The results of FT-
IR analysis for blue paint also indicate that the bands in
the region of 1100 and 1000 cm-1 are the presence of
calcium sulfate in the gypsum base layer, the bands in the
region of 13400 and 3531 cm are related to the asymmetric
stretching vibrations of the O-H bond in the compound,
and the 1596 cm is calcium sulfate (gypsum), the 669
cm-1 is a sign of calcium sulfate and is also affected by
the presence of the O-S bond. The band in the region of
1620 cm-1 is probably related to the hydroxyl bond in the
chemical structure of CaSO4.2H20, and the absorption
band in the region of 1726 and 630 cm-1 is probably an
indication of the presence of oil in the compound, which
has been reported in historical paintings containing oil
and Sheikh's whitewash. The band in the region of 1538
cm-1 is related to the increase in the life of the effect and
the creation of metal carboxylates due to the proximity
of the pigment and oil, which should not be confused
with the vibrations related to protein. In the case of the
green pigment under study, the bands in the 598 and 670
cm-1 region identify calcium sulfate as a white color layer,
which is affected by the presence of S-O bonds. The
band in the 1100 cm-1 region also indicates the presence
of calcium sulfate as a layer that is probably used in the
substrate. The band in the 889 cm-1 region shows C-O
absorption, and the band in the 1510 cm1 region shows
the presence of carbonate in the sample. Therefore, it can
be said that the compound used is basic copper carbonate
or malachite with the chemical formula Cu2CO3 (OH) 2,
and the absorption band in the 1727 cm-1 region probably
indicates the presence of oil in the compound, which is
probably related to surface contamination of the effect.

C-Raman analysis results

In the red pigment, the absorption region at 549 cm-1
indicates the red structure of lead or syringe in the sample
under study. Also, this peak is due to the stretching
vibrations of Pb, which are the identification characteristics
of syringe. Also, the band at 1597 cm-1 in the IRUG
database indicates iron oxide compounds that were
observed in the pigment. The blue pigment studied in the
absorption region of 1009 cm-1and 1600 cm-1 is the blue
color characteristic peak of ultramarine, which generally
has a strong characteristic peak in the Raman spectrum
obtained from all three excitation lasers with wavelengths
of 532, 633 and 785 nm, ultramarine in the range of 560
to 580 cm-1, which is related to S3- as the main blue
color factor. The blue pigment mineral ultramarine is also
Na7Al68160248S3. Polysulfide radicals (52-) in the alum in
silicate structure of sodality are responsible for the blue
color of this pigment. However, the presence of (52-) and
tetra sulfur (S4-) radicals can shift the color towards yellow
and red (Mobasher Maghsoud & Koochakzaei, 2023:
372). The green pigment examined in the mural shows
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The Karim Khani Castle is a
monument from the Zand era
in Shiraz. In this building, a wall
painting is one of the decorations,
which unfortunately was hidden
under a layer of plaster during the
Qajar era, so many studies have
not been conducted to identify
pigments from the Zand era. The
aim of the study is to understand
the structure of pigments in the
Zand period wall paintings in the
Karim Khani Castle. The question
raised is what kind of materials
are included in the composition
of these coloring materials. For
investigation, FT-IR, SEM-
EDS, and RAMAN instrumental
methods were used. The findings
indicate that the red pigment
compositions included lead oxide
(syringe) and possibly iron oxide
(late), the blue pigment included
ultramarine blue (lapis lazuli),
and the green pigment included
malachite (mountain green), which
were applied on gypsum substrates
and an oil-based compound was
used as a binder. The pigments have
a mineral structure and are durable,
and despite the introduction of
European oil paints in Iran, these
color compounds have not been
used in mural painting.

Keywords: ~ Mural  painting,
pigment, Karim Khan Castle,
Fourier ~ transform  infrared

spectroscopy, Raman, scanning

electron microscopy
Introduction

The most important and most
extensive example of decorative
arrangements in the Karim Khani
castle of Shiraz, which has been
considered in the present study, is
the mural painting that was used in
all the rooms of the building on its
four sides, as well as the porches.
These arrays were destroyed in
some parts during the post-Zand
era, and in some places they were
covered with a layer of plaster
and replaced with new paintings
(shirvani, 2012: 23). Therefore,
two historical periods can be
observed from the perspective
of wall painting in this building.
The liberation of decorations
from the plaster layer has been
carried out for many years under
the supervision of the General
Department of Cultural Heritage
of Fars Province, and this process
has been carried out in many parts.
In general, the colors used in these
wall decorative motifs in the Zand
petiod include red, green, and
blue, white and black (Shafiei &
Esfandiyari, 2004: 116). Which in
some cases has been used on the
gilding layer. After the arrival of
oil paints imported from Europe
in the Safavid era in the Iranian
court (Kajbaf & Saeed, 2018: 109).
This sample of oil paints was used
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