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Abstract

The Hezar-Pisheh wooden box, considered one of the eatliest forms of packaging in Iran, holds
significant artistic and historical value. This study investigates the materials used in the decora-
tion and portrait painting of a wooden box attributed to the late Qajar period. A multi-analytical
and non-invasive approach was employed, including Raman spectroscopy, Scanning Electron
Microscopy coupled with Energy Dispersive X-ray Spectroscopy (SEM-EDS), Fourier Trans-
form Infrared Spectroscopy (FTIR), and Polarized Light Microscopy. The results revealed the
use of white lead (sefidab-e Sheikh) for the white pigment, and the red pigment used in the
portrait was identified as red lead. Based on the absorption bands at 832 and 351 cm™ in the
Raman spectrum, which are attributable to lead chromate and correspond with reference spec-
tra, it is likely that chrome green was used in the green-painted areas of the box. The decorative
framing elements were identified as a metal alloy composed of gold and copper. The frame
decorations were created using metallic powder particles made from this gold-copper alloy. Fur-
thermore, FTIR analysis identified the presence of alkyd resin as the varnish layer, an industrial

material that became commonly used in Iran from the eatly 20th century.

Keywords: Pigment, Raman spectroscopy, Hezrapisheh box, Wood painting, Pahlavi Period.

Introduction

L)

Check for
updates

Received: 2024/11/9
Revised: 2025/6/9
Accepted: 2025/6/15
Published: 2025/6/30

Copyright: ©2025 by the Authors. This
article is an open access article distributed
under the terms and conditions of the Cre-
ative Commons Atttibution Noncommet-
cial 4.0 International (CC BY-NC 4.0 li-

cense)

https://creativecommons.org/li-

censes/by-nc/4.0

Over the past three decades, the identification and analytical study
of historical pigments has emerged as a crucial area of research in
cultural heritage science and related disciplines such as archae-
ometry and conservation (Harth, 2024). Determining the pig-
ments and dyes used by past artists provides valuable information
on the authenticity, provenance, dating, and palettes of artworks
(Klockl, 2023; Pastoureau, 2023), while also tracing technological
developments and reflecting the creativity of earlier civilizations.

Advances in analytical methods have expanded pigment studies
beyond traditional art-historical approaches, enabling precise ma-
terial identification, authenticity assessment, and improved con-

servation strategies (Roohi & Holakooei, 2023). Since pigments

and binders undergo gradual chemical and physical degradation
over time, their characterization helps determine appropriate
preservation processes. Many studies rely on spectroscopic tech-
niques developed to identify mineral pigments, organic binders,
and degradation products (Dawson, 2007). Such data also reveal
material sensitivity to environmental factors such as light, humid-
ity, and pollutants, guiding preventive conservation.

Extensive pigment research has been conducted on Safavid
and Qajar works, including manuscripts (Abdel-Ghani, 2022), inks
and papers (Agha-Aligol et al., 2007), wall paintings (Akyol &
Houreh, 2019), and lacquer paintings (Gardner & Rogge, 2023;
Khalili, 1988). Reported pigments include ultramarine, indigo, az-
urite, lead white, vermilion, red lead, madder, chrome green, car-
bon black, and cochineal (Bahaadri & Bahraloloomi, 2017;
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Koochakzaei & Marefat-Izadi, 2024). Decorative wood painting,
while historically important, remains less studied. Although prac-
ticed since the Safavid era and reaching its peak in the Zand and
Qajar periods, only a few investigations such as those on the
Taqavi House in Gorgan and the Shahsavaran Househave identi-
fied lead-based whites and reds, ultramarine, chrome yellow, and
calcite (Hamzavi et al., 2024; Koochakzaei et al., 2024).

Despite these efforts, no previous research has focused on
the pigments and decorative techniques of hezar-pisheh wooden
boxes. Addressing this gap, the present study applies non-destruc-
tive techniques Raman spectroscopy, Fourier-transform infrared
spectroscopy (FTIR), scanning electron microscopy with energy-
dispersive X-ray spectroscopy (SEM-EDS), and polarized light
microscopy to identify the pigments and varnishes used in their

decoration.

Materials and Methods

The hezar-pisheh box is a decorated wooden container, of-
ten featuring portraits and gilded frames, historically used for stor-
ing tea sets and occasionally by nomadic tribes during migration
(Papoli-Yazdi & Vosoughi, 2019). It is considered one of the old-
est forms of packaging. The studied specimen, dated to the late
Qajar period (35 X 25 X 13 cm), from a private collection, was
transferred to the Tabriz Islamic Art University for restoration.
Due to its historical significance and deterioration, material iden-
tification was undertaken. After removing the varnish with a 1:1
ethanol—acetone solution, samples were collected from green,

white, gold, and red pigments, as well as the varnish layer.

SEM-EDS Analysis

Elemental composition was determined using a FESEM
(MIRA3-FEG-SEM, TESCAN, Czech Republic) with EDS at the
University of Tabriz. Unvarnished samples were analyzed without
coating at 15 kV.

Raman Spectroscopy

Pigments were analyzed with a UniDron-A confocal Raman spec-
trometer (Andor Technology, Korea) using a 532 nm laser at re-
duced power. Spectra were interpreted using the CHSOS database
(2019).

FTIR Spectroscopy

Varnish samples were mixed with KBr to form pellets and
analyzed with a JASCO 680-plus spectrometer (Japan) in the 400—
4000 cm™ range.

PLM

Pigments were powdered, mounted in glycerin, and exam-

ined under a polarized light microscope (BX51, Olympus, Japan)

Results and Discussion

White Pigment (S1)

SEM-EDS analysis revealed a high lead (Pb) content with
minor Mg, Al, Si, and Ca likely from the substrate or imputities.
Raman spectra matched lead white, characterized by a strong band
at 1050 cm™ (Kostadinovska et al., 2013; Rosi et al., 2011). Lead
(PbCO3)
(Pb3(CO3)2(OH)7) in varying ratios and was widely used from an-

white consists of cerussite and hydrocerussite
tiquity to the 20th century (Gonzalez et al., 2017), including in Ira-
nian art as a pigment, ground, and filler (Hajisayyedjavadi et al.,

2023).

Green Pigment (52)

SEM-EDS analysis of the green pigment showed a high lead
content with minor copper, alongside calcium, silicon, aluminum,
and magnesium likely originating from the substrate or impurities.
Microscopy revealed a mixture of yellow and blue-green particles.
Raman spectra matched chrome yellow (PbCrO,) and massicot
(PbO), with characteristic vibrations at 832 and 351 cm™. The
combination of chrome yellow with a blue pigment, commonly
Prussian blue, produces chrome green. Additional peaks at 135
and 275 cm™! were attributed to lead oxide formed by laser-in-
duced degradation of lead chromate.

Based on these results and comparison with previous studies, the
green pigment is identified as chrome green, a material synthesized
by Vauquelin in 1809 and produced commercially in Europe from
the early 19th century (Erkens et al., 2001). Varnish Layer

FTIR analysis of the varnish layer showed O—H stretching
vibrations (3400-3600 cm™), C-H stretching (2924, 2852 cm™),
ester C=0 (1680-1770 cm™), ester C-O-C (13601000 cm™),
and aromatic C—H bending (800630 cm™"). Peaks at 3453 and
1725 em™ indicated hydroxyl and carboxylic acid groups of alkyd
resin. Additional bands at 1254 cm™ corresponded to benzoic
acid esters in melamine resin, while 1117 and 1067 cm™ related to
free alcohol C—O stretching. A band at 741 cm™ was assigned to
out-of-plane O—H bending. Based on these features, the varnish
was identified as alkyd resin, a coating used in Iranian lacquerware
since the 20th century, replacing traditional finishes such as shellac

and natural oils (Koochakzaei et al., 2021).

Gold Decoration

Microscopic examination revealed fine gold-colored parti-
cles in decorative borders. SEM-EDS analysis detected high gold
content with minor copper, indicating a gold—copper alloy. Such

alloys were historically used in Qajar decorative arts.

Conclusion

The Hezarpisheh wooden box, one of the earliest packaging
examples in Iran, was examined using SEM-EDS, Raman spec-
troscopy, and FTIR to identify decorative and pictorial materials.

Results revealed that the white pigment was lead white and the red
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pigment was red lead, both lead-based compounds. The green pig-
ment contained lead chromate, with characteristic Raman bands
at 832 and 351 cm™, indicating the use of chrome green (a mixture
of chrome yellow and Prussian blue). Additional bands at 135 and
275 cm™ confirmed PbO formation from lead chromate degrada-
tion under Raman laser heating. Examination of the gilded deco-
rations identified particles of a gold—copper alloy. FTIR analysis
of the varnish layer identified alkyd resin, a coating material intro-
duced in the 20th century as a replacement for traditional finishes.
These findings, along with technical evidence, suggest that the box
was likely produced during the First Pahlavi period.
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Elm.
C (o) N Na Pb Mg Al Si S Cl K Fe Cu Au Ca
Sample
st 4908 40.65 619 087 163 139 — 0.07
S2 53.83 29.17 7.64 - 7.02 0.50 0.42 0.47 - 0.24 - - 0.48 - 0.24
S3 40.30 39.73 8.95 0.25 9.54 - 0.59 0.35 - --- - 0.29 --- --- -
S5 50.68 39.29 - - ---- 0.80 0.32 0.65 0.16 0.23 0.10 — 0.41 7.37 -
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Figure 4. SEM—EDS elemental analysis of the green pigment (1); Raman spectrum of the green pigment sample and its comparison with the refer-
ence spectra of chrome yellow and massicot pigments (2).
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Figure 5. Digital microscope image showing the combination of green and yellow pigments (1); polarized light microscopy image under plane-
polarized light (2); polarized light microscopy image under crossed-polarized light, showing the mixture of green and yellow pigments in the paint
layer (3).
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Figure 6. SEM—EDS clemental analysis of the red pigment (1); Raman
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Figure 9. SEM—EDS analysis and elemental composition of the

gold particles (1); reflected-light microscopic image of the

painted surface (2).
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