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ABSTRACT
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This study aims to identify the pigments of mural painting remains on a historical
fireplace related to the Qajar era in Goharion house, Tabriz. In addition to sampling,
the blue, red, and golden pigments of different portions of the mural, scanning
electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDS) for identifying
elements in the sample structure, micro Raman and Fourier transform infrared
(FTIR) spectroscopy for investigations of structural properties and then polarized
light microscopy (PLM) for examinations of optical properties of the samples in both
PPL and XPL were used. It was found that a mixture of red lead, orpiment, and white
lead was used to paint flowers with red tones. There are also spots of red lead on the
edge of the mural. The blue pigment was ultramarine (synthetic), and a combination
of this pigment and gypsum was used in sky blue. The golden color analysis showed
the use of gold and copper alloy in the form of sheets. Degradation of golden pigment
in the inscription part has resulted in the formation of copper degradation products in
the form of carboxylate, which is the reason for its color change to green. Lead soap
formation was also observed in areas where white lead was used.
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Figure 1: The fireplace under study, which only the right edge and the upper inscription are original, along with the position of the samples: Golden-
green for inscription (a), golden for background (b), red for flowers (c), blue for background (d), sky blue (e) and orange spots (f).
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Table 1: Results of energy-dispersive X-ray spectroscopy (EDS) of the studied samples based on weight and atomic percentage.
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Figure 2: (a): p-Raman spectrum (excitation laser wavelength: 532 nm) of blue pigment with code “d”” compared to (b): ultramarine spectrum
(RRUFF ID: R040023) and observation of its index peak at 543 cm'™.
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Figure 3: (a): u-Raman spectrum (excitation laser wavelength: 532nm) of blue sky pigment with code “e” compared to (b): gypsum and (c):
ultramarine spectra (RRUFF ID: R040023).
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Figure 4: Top-down: Raman spectra (532 nm) of realgar (RRUFF ID: R060107), orpiment (RRUFF ID: R060116), and red-brown pigment in
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Figure 5: p-Raman spectra (532 nm) related to (a): red pigments in flowers (sample c) and (b): red-orange pigment on the edge of the fireplace
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Figure 6: Investigation of the properties of red pigment in sample ¢ (top) using plane-(PPL, left) and cross-(XPL, right) polarized light and
comparing with the control samples of realgar (bottom) and orpiment (middle) [34].

100pm

() gblite g (cz) ool o Db g5 5l eolatal b (d) o 4ilsSS, Sloogas cw,y Y S
Figure 7: Investigation of the properties of blue pigment (d) using plane-(PPL, left) and cross-(XPL, right) polarized light.
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Figure 8: FTIR spectrum of the white-pink pigment (a) of red flowers compared to lead white (b) and calcite (c) (RRUFF ID: R040170).
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Figure 9: FTIR spectrum of green corrosion products of the golden color; vibrations of COO" are observed at 1593cm™ and 1408cm™.
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