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ABSTRACT 

Three wooden Coptic icons located at Saint Mercurius Monastery in Tamooh, Giza, Egypt were comprehensively investigated in order to 

determine the possible causes of their deterioration. Samples from every paint used in each icon were collected spanning from the 

outermost varnish layer down to the ground layer. Investigation was carried out using Fourier-transform infrared spectroscopy (FTIR), 

scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS), Energy-dispersive X-ray spectroscopy (EDX) and X-ray 

fluorescence (XRF). For interaction between the icon layers DFT calculations at B3LYP/6-31g(d,p) level were conducted in order to 

study the effect of humidity on the reactivity of the binder material and its possible role in the deterioration of the icons. 

Keywords: Coptic icons, FTIR, SEM-EDS, XRF and B3LYP/6-31g(d,p). 

 

1. INTRODUCTION  

 Coptic art refers to the art of Egypt produced by Egyptian 

Christians in late Roman, early Byzantine, early Arab and late 

Middle Ages. Icon is the word that describes a Coptic religious 

picture and is primarily associated with the paintings of the 

Orthodox Churches [1]. An icon is composed of five layers, 

support, usually a wooden panel, ground, binder, paint and varnish 

layer [2]. 

 Although thousands of icons are found in churches and 

monasteries of Egypt, very limited information was available 

about them for a long time. Recently, studying Coptic icons has 

been an element of interest from different aspects including 

description, characterization and identification, dating, 

interpretation, conservation and restoration [1-5]. Like other 

historic structures, Coptic icons are deteriorating with aging 

especially when left without conservation and restoration. 

However, before trying to proceed with conservation and/or 

restoration of an icon, it is important to determine the possible 

sources and causes of deterioration [6]. 

 The causes of deterioration of historic structures including 

Coptic icons can be biological, chemical and/or physical [6-10]. 

Spectroscopic and elemental analysis techniques have been 

extensively employed to study the causes of deterioration and 

effect of aging of different history and ancient structures in Egypt. 

The deteriorating black and red pastes used in decorating the wall 

of Qijmas El-Eshaqi Mosque in Cairo, Egypt were characterized 

and identified for the conservation process [11]. The dyes and 

organic stains used in silk textiles in Islamic Art museum in Cairo, 

Egypt were characterized as new approach for conservation 

treatment [12]. FTIR elucidated the changes in the chemical 

stability of archaeological bones as an effect of the burial 

environment on crocodile bones from Hawara excavation in 

Fayoum, Egypt [13]. 

 Molecular modeling approaches have also been recently 

applied to study cultural heritage materials [14]. Density 

functional theory (DFT) and wave function theory methods were 

employed to study the proto-isomerization mechanisms of indigo 

pigment and its derivatives [15]. Quantum mechanical calculations 

were used to study the molecular interaction between tannin dyes 

and protein-based historical textiles in order to identify the relative 

geometries and possible coordination modes [16]. Different time-

depended DFT methods were used to study the electronic 

structures of indigo in aqueous solution in correlation with UV-

Visible spectroscopy [17]. DFT quantum mechanical calculations 

were also implemented to study the interaction of carbonate stones 

with oxalates and oxamates [18]. 

 Nowadays molecular modeling is a promising tool to 

elucidate the structure as well as chemical and physical parameters 

of many systems whereas experimental tools are limited and/or 

expensive [19-21]. 

 The three Coptic icons under investigation are for Saint 

Abaskhiroun, Saint George, and Saints Maximus and Domatius. 

This work is conducted in order to investigate the possible reasons 

for deterioration of the three icons using FTIR to study the 

molecular structure of the icons, SEM-EDS and XRF to study the 

chemical elemental composition of the icons and their surface 

morphology. Molecular modeling calculations are also used to 

theoretically investigate the interaction between the metal oxides, 

supposedly present in the icons, and the binder material, and effect 

of this interaction on the reactivity of the icons to the surrounding 

environment. 
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2. MATERIALS AND METHODS  

2.1. Samples and Sample preparation. 

 Nine samples were collected from Saint Abaskhiroun Icon, 

seven samples were collected from Saint George Icon and eight 

samples were collected from Saints Maximus and Domatius icon. 

Samples were taken from the edges of the icons and/or from 

damaged areas using a scalpel. The collected samples were 

embedded in a transparent epoxy resin. The paint colors are as 

illustrated in table 1. 

2.2. Instrumentation. 

2.2.1. SEM-EDS. 

 SEM-EDS measurements were carried out by Philips 

(Inspect S, FEI Company, Holland) Scanning Electron Microscope 

(SEM) operated at 30 kV. 

2.2.2. XRF. 

 Non-destructive X-ray Fluorescence analyses were 

performed by means of portable equipment in the CNR, Istituto 

per le Tecnologie Applicate ai Beni Culturali, Montelibretti, 

Rome, Italy. 

 

 

2.2.3. Fourier-Transform Infrared Spectroscopy (FTIR). 

 Mid Infrared spectra are recorded using a portable ALPHA 

spectrometer (Bruker Optics, Germany) equipped with a ZnSe 

ATR crystal system. The spectra were acquired with 32 scans in 

the wavenumber range of 4000-400 cm-1 at room temperature and 

with 4 cm-1 spectral resolution. 

2.3. Computational details. 

 Molecular modelling simulations were carried out to 

investigate the possible reasons for the fragility of painting layers 

in Coptic icons. In particular, we simulated the interactions 

between the metal oxides, such as Al2O3, Fe2O3 and ZnO, 

supposedly contained in the pigments, and aspartic amino acid, 

supposedly contained in the binder (egg yolk), in adsorbed and 

complex states, with and without hydration. The model, built 

according to previous studies, was calculated with the 

GAUSSIAN09 program [22], installed on a workstation at the 

Spectroscopy Department, National Research Centre of Egypt, and 

optimized by the Density Functional Theory method B3LYP/6-

31g (d,P). [23-25]. 

Table 1. Designation of the samples obtained from the three icons 

Saint Abaskhiroun Icon  Saint George Icon  Saints Maximus and Domatius Icon 

Sample Colour Sample Colour Sample Colour 

1 Green 1 Green 1 Green 

2 Grey 2 Yellow 2 Blue 

3 Red 3 Red 3 Green with varnish 

4 Blue 4 White 4 Blue with varnish 

5 Red 5 Golden 5 Frame without varnish 

6 White 6 Blue 6 Varnish from the face 

7 Brown 7 Golden 7 Golden background 

8 Green 8 Varnish over gold 

9 Golden 

3. RESULTS  

3.1. SEM-EDS. 

 The SEM micrographs of the samples obtained from Saint 

Abaskhiroun Icon, Saint George Icon, and Saints Maximus and 

Domatius Icon are shown in Fig. 1, 2 and 3 respectively. All 

samples showed coarse surfaces with the presence of microcracks 

reflecting the effect of humidity and suggesting the cement-like 

nature of the ground material which was confirmed by EDS, XRF 

and FTIR to be composed of gypsum and lead white. The presence 

of Na, K and Cl in the great majority of the samples reflects the 

effect of environmental salinity on the icons which was found to 

be present on the outer layer of the icons, not reaching the ground 

layer. 

 The elemental compositions in terms of atomic percentage 

of samples from Saint Abaskhiroun icon, Saint George icon and 

Saints Maximus and Domatius icon are shown in Tables 2, 3 and 4 

respectively. EDS results reflected the presence of C, O and Ca in 

all samples. Additionally, Mg, Al, Si, Cl, and K were found in all 

samples from Saint Abaskhiroun and Saint George icons. 

 

Table 2. EDS elemental composition in atomic percentage of sample 1 to 9 from Saint Abaskhiroun Icon. 

Element Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 

C 61.24 84.91 65.40 57.58 49.27 78.72 58.49 72.48 50.01 

N 1.92 - - - - - - - - 

O 32.62 13.86 30.07 36.51 40.67 19.91 36.52 25.69 38.85 

Na 0.66 0.25 0.43 - 0.84 0.29 0.64 0.42 0.74 

Mg 0.29 0.07 0.34 0.39 0.65 0.11 0.36 0.15 0.50 

Al  0.51 0.17 0.37 0.67 1.16 0.18 0.62 0.22 3.13 

Si 0.96 0.29 0.75 1.27 2.40 0.33 1.13 0.38 4.73 
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Element Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 

P 0.06 0.02 0.15 0.49 0.38 0.02 0.09 0.02 - 

S 0.47 - - 0.56 0.95 - 0.60 0.16 - 

Cl 0.23 0.15 0.63 0.60 0.50 0.06 0.25 0.10 0.22 

K 0.07 0.04 0.05 0.23 0.20 0.05 0.09 0.05 0.26 

Ca 0.84 0.19 1.10 1.26 2.57 0.25 1.10 0.29 0.73 

Ba 0.04 - - 0.02 - - - - - 

Fe 0.08 - 0.09 0.14 0.29 0.04 0.11 0.05 0.43 

Zn 0.02 - - 0.28 0.10 - - - - 

Pb - 0.05 0.61 - - 0.03 - - - 

Ti - - - - - - - - 0.05 

Au - - - - - - - - 0.34 
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Figure 1. SEM Micrographs of samples 1 to 9 from Saint Abaskhiroun Icon. 
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Figure 2. SEM Micrographs of samples 1 to 7 from Saint George Icon. 

 

Table 3. EDS elemental composition in atomic percentage of samples 1 to 7 from Saint George Icon. 

Element Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 

C 74.83 64.28 67.62 55.03 55.95 56.50 61.96 

N -- -- -- -- -- 4.18 -- 

O 23.40 31.44 28.25 37.73 37.64 32.79 33.88 

Na 0.47 0.33 -- 0.60 0.73 0.42 -- 

Mg 0.10 0.84 0.19 0.55 0.27 0.47 0.29 

Al  0.18 0.58 0.64 1.09 0.50 1.07 0.64 

Si 0.32 1.14 1.08 2.23 0.84 2.41 1.16 

P 0.04 0.06 0.08 -- -- 0.05 0.05 

S 0.16 0.34 0.60 0.55 0.76 0.36 0.35 

Cl 0.08 0.08 0.31 0.29 0.20 0.11 0.49 

K 0.03 0.09 0.08 0.15 0.09 0.16 0.10 

Ca 0.28 0.69 0.56 1.52 2.69 1.16 0.72 

Ba 0.03 -- -- 0.03 0.15 0.03 -- 

Fe 0.04 0.13 0.07 0.23 0.08 0.28 0.12 

Zn 0.04 -- 0.53 -- 0.09 -- 0.22 

Co -- -- -- -- -- 0.02 -- 
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