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his study investigates the pigments and materials employed in the wooden 

ceiling paintings discovered beneath the mirrorwork decorations of Sadr 

Jahromi's house in Shiraz. Multi-analytical techniques, including Raman 

spectroscopy, scanning electron microscopy coupled with energy-dispersive X-ray 

spectroscopy (SEM-EDX), optical microscopy, and Fourier-transform infrared 

spectroscopy (FTIR), were utilized to characterize the pigments and varnish. The 

analysis identified natural ultramarine blue, red lead, copper-based green (likely 

malachite), lead chromate, and white lead, either individually or in mixtures, 

within the painter's palette. Shellac was also used as a protective varnish for the 

painting. Moreover, SEM-EDX analysis revealed the presence of gold leaf applied 

beneath the paint layers. The findings suggest that the pigments used in these 

artworks date no earlier than the 19th century, reflecting the technical 

sophistication and artistic practices characteristic of the Qajar period. Prog Color 

Colorants Coat. 19 (2026), 375-387© Institute for Color Science and Technology. 
 

 

 

 

1. Introduction 

Wood has been employed as an ideal substrate for the 

expression and creation of artistic works. Artists have 

used various pigments and techniques to increase their 

aesthetic appeal and creativity. The art of panel painting 

dates back thousands of years and reflects the cultural 

beliefs and aesthetic values of the past [1]. Such studies 

are essential for the conservation and restoration of 

these works. The characterization of pigments is crucial 

for documenting pigment preparation technology and 

identifying the materials used in the artist's palette [2]. 

Pigments and dyes have been extensively employed 

across various cultures, and the pigments used in these 

works have not only enhanced their beauty and visual 

appeal but also represent the technical and scientific 

advancements of the past [3]. Studies on historical 

pigments, such as Raman spectroscopy, a non-destructive 

method, provide critical insights into the composition 

and origin of the materials used in these artworks [4]. 
The pigments and dyes used in painting on wood 

encompass a range of mineral pigments and organic 

dyes that contribute to the decoration of artistic works 

[5, 6]. 

Various studies have been conducted to identify the 

dyes and pigments used during the Qajar and Safavid 

periods. For instance, an investigation of two pen boxes 

(Qalamdan) from the Qajar era revealed the presence of 

ultramarine blue, chrome green, red lead, carbon black, 

and cochineal pigments used for decoration [7], 

furthermore, in a study aimed at identifying the 

pigments used in the painted wooden panels of the 

historical Shahsavaran House, dating back to the Qajar 

period, red lead, lead white, ultramarine, chrome 

yellow, and conichalcite were identified [8]. Addi-
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tionally, an analytical analysis of pigments of painting 

of wood from Qajar-era buildings identified pigments 

including blue lapis lazuli, red lead, huntite, and a 

mixture of carbon black and iron-based compounds as 

black pigments [9]. Additionally, in the identification of 

materials used in Qajar mural painting, the substrate 

layer was found to consist of a mixture of calcium 

sulfate and calcium carbonate. The red pigment was 

derived from red lead, while the green color was 

produced using a combination of malachite and 

Prussian blue. For the blue color, lapis lazuli was used 

accompanied by iron- and copper-based compounds 

[10]. 
The accurate identification of historical pigments in 

wood paintings presents a significant challenge. Many 

natural pigments employed in the past have undergone 

color changes or degradation over time, complicating 

their precise identification. These alterations are 

primarily driven by environmental factors such as 

humidity, light, and temperature, which have altered the 

chemical composition of the pigments over the 

centuries [1]. Furthermore, the lack of comprehensive 

documentation of artists' production processes and 

pigment compositions across different historical periods 

has hindered efforts to trace the exact origins of these 

materials and the methods of their application. 

Additionally, the use of locally sourced materials and 

varying access to natural resources have contributed to 

the considerable diversity of pigments across different 

geographical regions. Consequently, there is a pressing 

need for comprehensive, detailed research utilizing 

modern, non-destructive scientific techniques to 

identify and analyze these pigments. Such research not 

only enhances our understanding of art history and its 

techniques but also provides insights into the 

development of improved conservation strategies for 

this valuable cultural heritage [11]. 
Wood has been widely used in Iran to create various 

artworks and architectural structures. However, painting 

on wood became popular in Iran during the Safavid 

period. While studies have been conducted on the 

pigments used in Qajar artworks, such as wall paintings 

and manuscript decorations, research on wood painting 

has been relatively neglected. The historic Sadr Jahromi 

House is one of the most prominent architectural 

landmarks of the Qajar period in Shiraz. It belonged to 

a notable and influential figure in the city. Its 

inscription as entry No. 2277 on Iran's National 

Heritage List reflects the building's architectural 

refinement and historical significance. This study, 

therefore, focuses on identifying the painting techniques 

employed in the late Qajar period, specifically in the 

ceiling of Sadr Jahromi's house in Shiraz. The research 

aims to identify the materials used in the wood 

decorations through analytical techniques. 

 

2. Experimental 

2.1. Materials and methods 

Figure 1a shows the exterior view of the 19th century 

decorated house located in the southwestern city of 

Shiraz, Iran. The painted panels of this building were 

discovered during the restoration and preservation 

process (Figure 1c) beneath the mirrorwork 

decorations (Figure 1b) that had been applied in later 

periods over the original decorations. 
Scanning Electron Microscopy (SEM) images and 

energy-dispersive X-ray spectra (EDX) were collected 

using a FE-SEM Tescan MIRA3 FEG-SEM (Czech) 

equipped with an EDAX spectrometer. Pigment 

samples were coated with gold, and SEM-EDX 

analyses were performed at an accelerating voltage of 

15 kV without coating. 
Raman spectra were acquired using a UNIDRON-A 

Raman microscope (Andor Technology) with a 532 nm 

diode laser, 50× objective, 20 mW power, 10 scans, 10 

s acquisition time, and 2 cm-1 spectral resolution.The 

Raman spectrum corresponding to each color was 

analyzed using the CHSOS (cultural heritage science 

open source) database as a reference for Raman spectra 

[12]. Optical light microscopy (OLYMPUS BX51, 

Japan) was used  for preliminary identification of color 

structure and pigment combinations. Pigment powder 

was mounted on a glass slide with glycerin and 

observed at up to 200× magnification. 

Fourier-transform infrared spectroscopy (FTIR, 

JASCO 680-plus, Japan) was conducted at room 

temperature (400-4000, 4 cm-1 resolution, 32 scans). 

Samples from the coating layer were mixed with 

potassium bromide (KBr) and pressed at 6 bar to 

prepare pellets. 
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Figure 1: a) Sadr Jahromi's house in Shiraz, b and c) wooden panel painting discovered under mirrorwork during ceiling 

restoration, d and e) wooden panel painting of Sadr Jahromi's house and sampling locations, S1: Blue, S2: Red, S3: 
Green, S4: Yellow, S5: Metal leaf and substrate, S6: varnish. 

 

3. Results and Discussion 

3.1. Red pigment 

SEM-EDX microanalysis showed a Pb-rich element in 

the red color (Figure 3 a). Additionally, the presence of 

Al may be attributed to impurities. In general, the 

identification of artistic pigments is challenged by 

factors such as the presence of additional elements 

resulting from the artist's combination of different 

pigments, as well as coating resins and impurities that 

can occur over time or during sampling. These issues 

may complicate the accurate identification of the 

pigments. The red pigment shows significant similarities 

with the red lead reference spectrum obtained from the 

CHSOS Raman database [12]. Notably, distinctive 

bands at 138, 279 , 345, and around the 540 cm-1 [13]. 

demonstrate the use of red lead as a red pigment in 

painting (Figure 3b). In Figure 2, the red pigment is 

shown under PPL light. Lead (II, IV) oxide, under PPL, 

appears as pleochroic, translucent particles ranging from 

opaque orange to red, with high relief. In red lead, 

particle size ranges from very fine to medium-grained 

from sample to sample. As a result, particle shapes 

among samples appear rounded [1]. Red lead has been 

used in paintings since ancient times and has been found 

in various types of artworks, including wall paintings, 

colorful sculptures, manuscript decorations, and canvas 

paintings. The term red lead is most commonly 

associated with the term "minium", which refers to the 

mineral Pb3O4 [14]. 

 

3.2. Blue pigment 

Microscopic characteristics of the blue pigment were 

initially examined using optical microscopy. The 

Raman spectrum of the blue pigment closely matched 

that of ultramarine blue. A prominent peak at 543 cm-1 

corresponds to the symmetric stretching vibration of 

the 𝑆3
− sulfur bond, while a weaker peak is associated 

with the 𝑆2
− pigment in ultramarine Figure 5b [15]. 

The ultramarine blue pigment was identified by 

elemental analysis, which revealed the presence of 

sulfur and other elements, including aluminum and 

silicon. Additionally, the characteristic Raman bands 

at 1092 and 807 cm⁻¹ further confirmed the identity of 

the ultramarine blue pigment [16]. 
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Figure 2: a) Reflective polarized light, b) Plane-polarized light microscopic images of red pigment. 

 

 

 
Figure 3: a) SEM-EDX analysis and b) Raman spectroscopy of red pigment.  
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As shown in the light microscope images, the blue 

pigment is accompanied by traces of red and white 

particles (Figure 4). The presence of impurities and 

variations in pigment composition poses a significant 

challenge to the identification of historical pigments. 

The presence of these red particles may be attributed 

to the artist's addition of red pigment to the color 

palette. However, the presence of red lead can be 

substantiated by the detection of Pb in SEM-EDS 

analysis and by characteristic Raman absorptions at 

279 and 375 cm-1. 
Natural ultramarine pigment is derived from lazurite, 

the blue mineral in lapis lazuli, and is crushed, ground, 

and purified as described by Cennini. Historically valued 

for its stability and vivid hue, it was extensively used in 

medieval European artworks. In general, ultramarine 

blue pigment is synthesized by burning sodium sulfate, 

quartz, and sulfur at approximately 800 °C, resulting in a 

sodium aluminum silicate sulfide (Na8[Al6Si6O24]Sn). 

Synthetic ultramarine was first produced in 1828 by 

calcination and oxidation, replacing the natural form in 

the 19th century for its affordability while retaining its 

bright blue appearance [15, 16]. Natural ultramarine 

blue pigment, typically associated with impurities such 

as calcite (CaCO₃), pyrite (FeS₂), and possibly other 

minerals, constitutes a distinctive feature that differen-

tiates natural ultramarine from synthetic. Based on 

SEM-EDS analysis, the pigment contained sulfur and 

calcite, indicating that the blue pigment is natural 

ultramarine [17]. Although its preparation and purifi-

cation are described in Persian treatises, scientific 

analysis confirms the presence of natural lapis lazuli in 

Iranian artwork from the medieval period (13th–14th 

centuries CE) to the Qajar era [18, 19]. 

 

3.3. Green pigment 

The optical microscopy images are presented in Figure 
6. As shown in the PPL image, the pigment is a mixture 

of green and yellow pigments, with trace amounts of 

white and blue particles. The combination of pigments 

is often a challenge in identifying historical pigments. 

SEM-EDS analysis of the green pigment reveals a 

notable presence of Cu, indicating the use of a copper-

based green pigment (Figure 7a). To achieve a more 

precise identification of the green pigments, Raman 

analysis was conducted (Figure 7b). The Raman 

spectrum of the green pigment shows similarity to the 

reference spectrum of malachite green pigment. The 

malachite pigment has characteristic peaks at 151, 

178, 219, 270, 350, 430, 332, and 1095 cm-1 [20, 21]. 

The bands at 536, 948, and 1420 cm-1 are attributed to 

a (copper)acetate. Absorption due to CO3
2- and OH- 

ions of malachite appears at 720, 750, 1059 cm-1 [22, 

23]. As previously seen in the optical micrographs, the 

pigment consists of a mixture of several components 

and pigments, and the Raman spectrum exhibits 

additional peaks such as around 1000 cm⁻¹, likely 

attributable to the presence of calcium-based fillers 

such as gypsum [24]. Additionally, the distinct peaks 

at 151, 975, 820, and 911 cm-1 can be attributed to 

CuCl vibrations arising from malachite degradation 

products [25, 26]. 

 

  
Figure 4: a) Plane-polarized light and b) Reflective polarized light microscopic image of blue pigment. 
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Figure 5: a) SEM-EDX analysis and, b) Raman spectroscopy of blue pigment and its correspondence with the reference 

spectrum of ultramarine blue pigment. 

 

Malachite under optical microscopy exhibits a color 

range from light green to bright green, with its color 

intensity decreasing as particle size decreases. Malachite 

is a distinctive mineral when viewed under plane-

polarised light, characterized by its green color, often 

with blue-green overtones, and pleochroic colours 

ranging from pale to mid-greens. The color intensity 

diminishes with smaller particle sizes, resulting in 

crushed malachite pigment that is typically coarse, 

though the particle size distribution may be uneven [1]. 
As a result, it can be said that malachite, a copper-based 

pigment, is used as a green pigment. Malachite has 

been used as a copper-based green pigment in historical 

artwork, particularly in Iran. Malachite, known as 

copper carbonate (Cu2CO3 (OH)2), was one of several 

copper greens used alongside verdigris, atacamite, 

antlerite, and brocantite. The pigment was used 

primarily for floor tiles, architectural features, and 

clothing in Persian miniature paintings from the 16th 

and early 17th centuries [27]. A study of the green color 

used in Iranian architectural decorations from the 11th to 

the 15th centuries reported that, unlike malachite and 

verdigris, which were common in Persian manuscripts, 

atacamite was preferred for its durability against 

weathering [19]. 
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Figure 6: a) Plane-polarized light (PPL), b) cross-polarized light (XPL), and c) reflective polarized light microscopic 

images of green pigment. 

  

 
Figure 7: a) SEM-EDX analysis and b) Raman spectroscopy of green pigment and comparing with the reference Raman 

spectra of malachite pigment.  
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3.4. Yellow pigment 

In Figure 8, microscopic images of yellow pigment 

under reflective polarized light and cross-polarized light 

are shown. Figure 9a presents the SEM-EDX spectrum 

of the yellow pigment, revealing the emission peaks of 

Cr and Pb. The identification of lead and chromium 

suggests the possible use of chrome yellow. In Figure 

9b, the Raman spectrum of the pigment was compared 

with the reference spectrum of lead chromate. The 

bands at 351 and 838 cm-1 (assigned to ν1 symmetric 

stretching of the chromate ion) characteristic of lead 

chromate pigment are observed [28]. The bands at 351 

and 838 cm-1 have been shifted, which indicates 

photochemical degradation of chrome yellow. Previous 

studies have reported that structural changes and 

degradation products cause shifts towards lower 

wavenumbers and broadening of the Raman bands. 
These changes are caused by the photochemical 

conversion of Cr(VI) to Cr(III) [29]. Since the 

discovery of chromium in 1797 by Vauquelin and the 

synthesis of lead chromate in 1809, chrome yellow 

(PbCrO4) has been a notable addition to the 19th-

century artist's palette [30, 31]. This color has been 

reported in a painting attributed to Kamal al-Molk, a 

19th- and 20th-century Iranian painter [28]. 

 

3.5. Metal leaf, substrate and varnish on 

painting 

Fourier-transform infrared spectroscopy (FTIR) was 

utilized to identify resin coating on the painting. The 

FTIR spectrum of the resin was compared with a shellac 

reference (Figure 10a). Shellac is a biodegradable resin 

composed of polyhydroxy acids, primarily aleuritic acid, 

shellolic acid, and jalaric acid, and other compounds 

[32]. The broad peak in the range of 3700-3200 cm-1 

corresponds to the O-H stretching of hydroxyl functional 

groups [33]. Absorption in the range of 2920-2980 cm-1 

results from C-H stretching. Additionally, carbonyl 

bands at 1710 and 1640 cm-1 indicate the presence of 

C=O from shellac esters. In the fingerprint region (1500-

500 cm-1), key absorptions include 1462 cm-1 (CH2 

bending), 1374 cm-1 (CH3 bending), 1250 cm-1 (C–O 

stretching from ester), 1010 and 1000 cm-1 (C-O 

stretching from alcohol), 943 cm-1 (C–H stretching and 

CH2 wagging), and a weak peak at 720 cm-1, all of 

which are characteristic of shellac [34]. According to 

previous research by Poli et al. photo-oxidation products 

can be identified using FTIR spectroscopy. Comparison 

of the spectra of the reference shellac and the varnish 

from the artwork shows a decrease in the intensity of the 

1520 cm⁻¹ band associated with ester groups, along with 

an increase in absorption intensity and a shift in the 

carbonyl group bands around 1650-1800 cm⁻¹, 

indicating degradation and photo-oxidation processes in 

the historical varnish over time (Figure 10 b) [35]. 

 

 

Figure 8: a) Reflective polarized light and b) Cross-polarized light microscopic images of yellow pigment. 
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Figure 9: a) SEM-EDX analysis and b) Raman spectroscopy of yellow pigment and comparing it with the reference 

Raman spectrum of chrome yellow pigment. 

 

Identification of alloys used in the thin metal leaf, 

such as gold leaf employed in different periods 

significantly improves our understanding of the 

materials and technology used in past. Figure 11a and 

b presents microscopic images of the placement of 

gold leaf beneath a paint layer. To determine the alloy 

composition of the gold leaf, SEM-EDX analysis 

revealed a high Au content in the gilding used on 

wooden paintings (Figure 11d). The application of 

gold leaf and the art of gilding have been widely used 

in Iranian decorative arts, employing various alloys 

for this purpose. For instance, during the Al-Muzaffar 

period, a distinct type of gold leaf containing with tin 

and a transparent yellow coating was identified in the 

stucco decorations of the tomb of Sayyed Rukn ad-

Din [36]. The SEM-EDX analysis of the sample 

substrate revealed elements such as C, O, Mg, Al, Si, 

Cl, Cu, and Pb (Figure 11c). Based on the elemental 

analysis (Table 1), the presence of lead (Pb) indicates 

the use of lead white, most likely basic lead carbonate 

(2PbCO₃·Pb(OH)₂). Furthermore, the detection of Ca, 

C, and O indicates the presence of calcium carbonate 

(CaCO₃), which was likely used as a filler in the 

substrate. Minor amounts of Mg, Al, and Si are likely 

attributable to clay minerals and silicate impurities. 
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Figure 10: a) FTIR spectrum obtained of resin coated on the painting and comparing it with the Shellac reference FTIR 

spectrum and b) details of the range of 1900 and 900 cm⁻¹. 

 

Table 1: Elemental analysis results obtained from SEM–EDX.  

Cl Ag Au Cu Fe Cr S Ca Pb P Si Al K Mg Na O C 

Element 

% 

Sample 

0.32 -- --- -- 0.28 --- 3.10 0.12 2.66 0.41 0.93 1.37 -- 1.16 0.66 34.30 55.01 
Blue 

pigment 

0.49 -- --- 0.48 --- 0.24 -- -- 4.80 -- -- 1.16 -- -- 1.75 41.22 50.58 
Red 

pigment 

0.19  --- --- 50.00 --- --- 0.17 0.50 -- -- -- 0.15 -- 2.20 6.26 40.28 
Green 

pigment 

  -- 0.81 0.34 0.22 0.17 -- 2.60 -- -- 0.82 -- --  40.73 54.31 
Yellow 

pigment 

-- 4.96  3.68 -- -- -- 2.50 4.96 -- 2.64 1.58 -- 1.93  10.88 69.01 substrate 

0.12 -- 9.06 0.51 -- -- 0.56 0.07 -- -- -- 0.68 0.08 0.45 0.52 30.25 57.69 Metal leaf 
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Figure 11: a) and b) SEM and digital microscopic images from cross-section of the painting layer, respectably, c) and d) 

SEM-EDX analysis of substrate and gold leaf, respectably.  

 

4. Conclusion 

A multi-technique approach, including optical micros-

copy, Raman spectroscopy, X-ray spectroscopy, and 

infrared spectroscopy, was employed to analyze the 

materials used in the panel painting. The analysis 

revealed the presence of natural ultramarine blue, red 

lead, and chrome yellow as principal colorants in the 

artist’s palette. A copper-based compound, possibly 

malachite, was applied to achieve a green color. 

According to the study, the artist predominantly used 

lead white to alter the painting's tonal variations. The 

gold leaf was identified on a white lead substrate, a 

common material for the decoration of wealthy people. 

Shellac resin was also applied as a protective coating 

over the paintings. The findings suggest that the painted 

panels date to the building's 19th century construction 

period. In subsequent periods, these panels were 

dismantled and repurposed as an underlayer beneath the 

mirrorwork, with the paintings arranged without regard 

to their original design and pattern. 
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