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Abstract- The aim of study is identification, determination, and assessment of the painting materials of Coptic icon, presage of angel 

Gabriel to the priest Zechariah. Different analytical techniques were applied for characterization of the icon materials. The results 

revealed that the rigid support was Tamarix hardwood, the flexible support was linen fibers, the ground materials was gypsum. The 

pigments were vermilion, kermes carmine red and ultramarine blue, the binder was egg yolk, and the varnish was mastic resin. The 

chemical analyses showed the stability of icon materials with surrounding environment, in addition to the impact of metal salts result 

in decreasing of the free amino acids of egg yolk binder and cracking the paint film. 
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1. INTRODUCTION 

Application of analytical chemistry in archaeology can refer to the term "archaeological chemistry" and has benefit aspects in 

conservation, restoration of the artworks. It provides valuable information about the materials used in artworks such as the nature of 

materials and the processes that used to make and change them [1]. 

The "Coptic" word refers to the Egyptian Christians artworks [2]. The "Icon" word describes a religious image and it is 

associated with the painting of the Orthodox Churches [3]. The painting of icon is composed of four layers (support layer, ground 

layer, paint layer "pigments and binder", and varnish layer) [4]. Characterization of the icon materials will give information about the 

state of icon and the effect of the aging and environmental conditions. There are many factors that make the process of identifying the 

icon layers is difficult such as the use of small quantity of the sample and the lack of sample purity. 

The chemical compositions of icon materials are very complex so analytical methods with high spatial resolution will be 

used. Light microscope (OM) is used to identify the fibers. In addition to that, it can be used for identification of the fiber group. 
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Fibers have a characteristic appearance in the cross-sectional view. Attenuated total reflection-Fourier transform infrared spectroscopy 

(ATR-FTIR) is used for determination the chemical structure of painting materials. Field emission scanning electron microscope 

(FESEM) is used to provide information about the surface texture such as fine cracking and the nature of relationship between the 

pigment and the binding medium at the surface. Energy dispersive spectroscopy (EDS) is used to characterize the elemental chemical 

composition. Amino acid analyzer (AAA) is used to detect the free amino acids of proteinaceous binder. The metal ions in the 

pigments can form complexes with some amino acids leading to change the amount of free amino acid measured [5].  

 Icon of presage of angel Gabriel to the priest Zechariah has been hold (Fig. 1) in Church of Saint Mercurius in south of 

Cairo. The church dates back to 6th century. The icon is believed to have been drawn by Yuhanna Al-Armani and dates back to 18th 

century. 

 

Fig. 1. Icon of Presage of Angel Gabriel to the Priest Zechariah. 

 

Angel Gabriel stands left to the altar. Angel Gabriel presages the priest Zechariah with birth of his son "John the Baptist". 

The priest Zechariah wears sticharion with red color at the upper part and white color at the lower part, blue-color tailasan with brown 

cap on his head. The priest Zechariah also holds thurible in his left hand and there is golden halo around his head. Angel Gabriel has 

two white wings, upper brown wear and lower green wear. The altar has white appearance and alternate tiles of blue-white color. The 

icon shows deterioration at the lower right part. Five samples were carefully extracted from deteriorated parts including: wood 

support, canvas fibers, light red color "deteriorated part of the outer frame", dark red color "deteriorated part of the inner frame", and 

violet Color "deteriorated part of the floor tiles".  

 

2. EXPERIMENTAL 

2.1. Samples 
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 Five samples were taken from the damaged parts of the icon and analyzed by different techniques. The samples were wood 

specimen, canvas fibers, light red color, dark red color, and violet color.  

 Six reference materials were assembled and analyzed by ATR-FTIR method for comparison with the historical samples. The 

reference samples includes: ground (gypsum), chalk (filler), binder (egg yolk), pigments (vermilion, artificial ultramarine blue), and 

varnish (mastic resin) materials. Egg yolk sample also analyzed by amino acid analyzer to be compared with the historical sample. 

2.2. Instruments  

Leica motorized optical microscope system attached with a digital Camera Leica ICC50 HD (Leica DM750, Wetzlar, 

Germany) was used for identification of the canvas fibers and wood specimen.  

The samples were analyzed by Vertex 70 FTIR spectrometer (Bruker Optics, Billerica Inc., Massachusetts, USA) equipped 

with a diamond ATR and DLaTGS detector. The spectral range was from 400-4000 cm
-1

 and resolution was 4 cm
-1

, with 16 scans. 

Field emission scanning electron microscope (Quanta FEG-250, FEI company, Hillsboro, OR, USA) equipped with EDX 

unit (Energy Dispersive X-ray Spectrophotometer, EDAX Apollo SDD, Mahwah, New Jersey) was performed to study the samples. 

The samples were examined in low-vacuum mode at an accelerating voltage 20 kV, resolution of 1 nm, and magnification 14× up 

to1,000,000×. 

LC 3000 amino acid analyzer (Eppendorf, Hamburg, Germany) was used for analysis of the proteinaceous binder. The 

chromatographic separation was performed on a cation exchange column BTC 2410-4 μm, 125×4 mm and lithium citrate buffer 

system. The device is controlled by WinLC combined with EZChrom data software.  

3. RESULTS AND DISCUSSION  

The study by OM, ATR-FTIR, FESEM, and EDS analyses reveals that the rigid support is hardwood and the flexible support 

is linen fibers and the ground material is a mixture of gypsum, lead white, the binder is egg yolk and the varnish is mastic resin.  

Optical microscope demonstrates that cross-section of wood (Fig. 2) belongs to the hardwood, Tamarix species (Tamarix 

aphylla). It is characterized with diffuse-semi ring pores, cluster pores, thin-thickness fibers (¼ lumen), multi-seriate rays (5-20 cells), 

heterocellular rays, and abundant crystals in rays [6-8]. 

 

Fig. 2. Cross-section of Wood.    

(A) Transverse Section (B) Longitudinal Section 
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Canvas fibers (Fig. 3) are examined by optical microscope. It is linen fibers characterized with nodes and cross cracks along 

the fibers [9]. 

 

Fig. 3. Fibers of Canvas. 

 

ATR-FTIR spectra of the reference samples (Table 1) give characteristic bands that will be compared to the bands of 

historical samples (Table 2).  

Gypsum is characterized with ATR-FTIR bands at 3536-3283 cm
-1 

υ(O-H), 1644-1620 cm
-1 

δ(O-H), 1140-1102 cm
-1 

υ(SO4
-2

), 

and 672-657 cm
-1 

 δ(SO4
-2

) [10-12]. EDS microanalysis (Table 3) detects Ca, S, and O elements which are characteristic of gypsum 

[13]. 

Table 1. Characteristic Infrared Bands of the Reference Samples. 

Material Band (cm
-1

),  (Assignment) 

Gypsum 3606, 3551 υ(O-H), 1110, 1087, 1007 υ(SO4
-2

), 658 δ(SO4
-2

) 

Chalk 1396 υ(CO3
-2

), 872, 712 δ(CO3
-2

) 

Vermilion 643 υ( Hg-S) 

Artificial Ultramarine Blue 1120, 991, 948 υ(Si-O-Si) 

Egg Yolk 3282 υ(N-H), 2923, 2853 υ(C-H), 1744, 1633 υ(C=O), 1541, 669 

δ(N-H), 1541 υ(C-N), 1458, 1416, 1378 δ(C-H) 

Mastic Resin 2930, 2868 υ(C-H), 1704 υ(C=O), 1453, 1377 δ(C-H), 1181, 1109, 

1080, 1045, 1028, 1010, 987, 973, 945, 922  υ(C-O)  

 

Table 2. Characteristic Infrared Bands of Paint Colors of Presage of Angel Gabriel to the Priest Zechariah. 

Color Bands (cm
-1

) in IR Spectra Material 

Light Red 3394, 3283, 1642, 1622, 1102, 672 

635 

3394, 3283, 2919, 2850, 1642, 1622, 1537, 1392, 672 

3394, 3283, 2919, 2850, 1642, 1622, 1392, 1102, 1051 

Gypsum 

Vermilion 

Egg Yolk        

Mastic Resin 
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Dark Red 3390, 3287, 1644, 1140, 657  

3390, 3287, 2981, 2951, 1727, 1537, 1445, 1235  

3390, 3287, 2981, 2951, 2852, 1727, 1644, 1537, 1445, 

1384, 657 

3390, 3287, 2981, 2951, 2852, 1727, 1644, 1445, 1384, 

1235, 1140, 1096, 1031 

Gypsum 

Kermes Carmine Red 

Egg Yolk        

 

Mastic Resin 

Violet 3536, 3400, 1620, 1116 

1409, 872 

3536, 3400, 1075, 872  

3536, 3400, 2921, 1737, 1243 

3400, 2921, 1737, 1620, 1409 

3536, 3400, 2921, 1737, 1620, 1409, 1243, 1186, 1116, 

1075, 984 

Gypsum 

Chalk 

Ultramarine Blue 

Kermes Carmine Red 

Egg Yolk     

Mastic Resin     

 

Egg yolk shows characteristic bands at 3400-3283 cm
-1 

υ(N-H), 2981-2850 cm
-1 

υ(C-H), 1737-1620 cm
-1 

υ(C=O), 1537, (672-

657) cm
-1 

δ(N-H), 1537 cm
-1 

υ(C-N),  and 1445-1384 cm
-1 

δ(C-H) [14-17].  

Mastic resin is proved by appearance of ATR-FTIR bands (Table 2) at 3536-3283 cm
-1 

υ(O-H), 2981-2850 cm
-1 

υ(C-H), 

1737-1642 cm
-1 

υ(C=O), 1644-1622 cm
-1 

υ(C-C), 1445-1384 cm
-1 

δ(C-H), and 1392-984 cm
-1 

υ(C-O) [18-20]. 

FESEM micrographs (Fig. 4) show the topography of paint surface and state the paint film of historical samples. 

All samples taken from different positions (colors) produce the same behavior regarding the support, ground, binder and 

varnish material. 

 

Table 3. EDS Microanalysis and Elemental Composition (Atomic Percentage) of Each Color of Historical Sample. 

Element Light Red Dark Red Violet 

C K 44.99 60.06 27.40 

O K 20.01 26.94 39.10 

Na K 1.19 0.83 - 

Mg K - 0.55 0.38 

Al K 0.98 1.03 1.81 

Ca K 1.29 1.14 2.35 

Si K 1.79 1.29 0.51 

S K 14.31 1.07 9.53 

Cl K 0.13 0.23 1.09 

K K - 0.47 - 

P K 0.76 0.80 - 

Fe K 0.75 0.40 0.82 

Hg L 13.79 - - 
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Sn L - 4.81 - 

Mn K - 0.10 0.14 

Co K - 0.11 0.23 

Zn K  - 0.18 4.32 

Ti K - - 5.76 

Ba L - - 5.87 

As K - - 0.70 

 

 

Fig. 4. FESEM Micrograph of Historical Samples: (A) Light Red Color; (B) Dark Red Color; (C) Violet Color. 

3.1. Light Red Color 

EDS microanalysis (Table 4) detects Hg, S elements that are characteristic for vermilion pigment [21-23]. FESEM 

micrograph (Fig. 4) shows aggregation of particles of the pigment. ATR-FTIR spectra (Fig. 5) manifest bands at 635 cm
-1

 that refer to 

vermilion pigment [24,25]. Mercury ions can form complexes with egg yolk protein and this assumption is confirmed by amino acid 

analysis (Table 4). The results obtained show that content of some amino acids of light red color are reduced (aspartic acid, threonine, 

serine, valine, leucine, phenylalanine, histidine, lysine, and methionine) or zeroed (tyrosine) as a result of oxidation process in which 

the mercury cations can form complexes with egg yolk binder [17,26,27]. 

  

Table 4. Relative Concentration of Amino Acids of Light Red Color and Reference Sample. 

Amino Acid Light Red Color Reference Sample 

Aspartic Acid 4.60 5.06 

Threonine 1.62 3.38 

Serine 3.50 5.10 

Glutamic Acid 40.69 39.44 

Proline 4.79 2.05 

Alanine 15.89 7.97 

Valine 2.79 4.28 

Leucine 3.47 7.57 
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Phenylalanine 5.55 6.43 

Histidine 2.10 2.45 

Arginine 10.19 7.65 

Lysine 3.91 4.90 

Methionine 0.27 0.98 

Isoleucine 0.62 - 

Tyrosine - 2.74 

 

 

Fig. 5. ATR-FTIR Spectra of: (1) Historical Sample “Light Red Color”; (2) Gypsum; (3) Vermilion Red; (4) Egg Yolk; (5) Mastic 

Resin. 

 

3.2. Dark Red Color 

ATR-FTIR spectra (Fig. 6) exhibit characteristic bands  at 3390, 3287 cm
-1

 υ(O-H), 2981, 2951 cm
-1

 υ(C-H), 1727 cm
-1

 

υ(C=O)Carboxylic acid, 1537, 1445 cm
-1

 υ(C=C)Aromatic, 1235 cm
-1

 υ(C-O) that refer to kermes carmine red [12,28]. EDS microanalysis 

(Table 3) detects high amount of Sn element as tin oxide mordant for the organic dye. FESEM micrograph (Fig. 4) shows black 
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appearance indicating their organic composition and cracking of the paint film due to the presence of tin oxide can promote the 

oxidation process. 

 

Fig. 6. FTIR Spectra of: (1) Historical Sample “Dark Red Color”; (2) Gypsum; (3) Egg Yolk; (4) Mastic Resin. 

 

3.3. Violet Color 

Violet color may result from mixing the natural ultramarine blue and kermes carmine red pigment. ATR-FTIR spectra (Fig. 

7) show characteristic bands at 3536, 3400 cm
-1 

υ(O-H), and 1075, 872 cm
-1 

υ(Si-O-Si), υ(Si-O-Al) that refer to aluminosilicate of 

natural ultramarine pigment [29] and bands at 3536, 340 cm
-1 

υ(O-H), 2921 cm
-1 

υ(C-H), 1737 υ(C=O)Carboxylic acid, and 1243 cm
-1 

υ(C-

O) refer to kermes carmine red [12,28]. Appearance of chalk (Fig. 7) with characteristic ATR-FTIR bands at 1409, 872, and 712 cm
-1 

as carrier for kermes carmine pigment [10,11,30]. FESEM micrograph (Fig. 4) shows distribution of large particles of ultramarine and 

black appearance of kermes pigment. EDS microanalysis (Table 3) detects of Ca, Al, S, Si and Mg  elements of ultramarine pigment 

[29,30]. The cations (Ca, Al) can catalyze the oxidation process of proteinaceous binder and this appears obviously with bands of 

oxalate 1620 cm
-1

 with broad band at 1409 cm
-1 

[30,31]. 

http://www.ijergs.org/


International Journal of Engineering Research and General Science Volume 3, Issue 3, Part-2 , May-June, 2015                                                                                   
ISSN 2091-2730 

497                                                                                                   www.ijergs.org  

 

Fig. 7. ATR-FTIR Spectra of: (1) Historical Sample “Violet Color”; (2) Gypsum; (3) Chalk; (4) Artificial Ultramarine Blue; (5) Egg 

Yolk; (6) Mastic Resin. 
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CONCLUSION 

Combination of OM, FTIR, FESEM-EDX, and AAA was used to give information about the identity of icon materials. The 

obtained results show that Tamarix hardwood was used as rigid support and linen fibers as flexible support and gypsum as ground and 

vermilion, kermes carmine red, and ultramarine blue as pigments and egg yolk as binder and mastic resin as varnish materials. The 

good state of icon layers attributes to stability of the pigments with environment conditions and permanence of the colors. Taking into 

consideration the impact of metal salts toward the organic compounds, it may lead to degradation of the organic molecules and 

decreasing the content of amino acids, and cracking of the paint film. 
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