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Abstract

The pastiglia technique has been widely used as the preparation layer for gilding decoration in Iran
during the Safavid period. Generally, the purpose of pastiglia is to create a prominent surface for
the gilding array. The main research issue is the lack of technical and structural knowledge of the
layered arrays of the two churches under study. Lack of sufficient research and resources on the
technical and structural knowledge of Pastiglia and gilding decorations in the Armenian churches of
Julfa, and also the existence of technical ambiguities and lack of clarity on the origin of art of
Isfahan Armenians, such as architectural decorations and especially Pastiglia art, are the necessities
of doing this research. The present study provides a technological overview towards the pastiglia
employed in the gilding decoration at the Bethlehem Church and Vank Cathedral, as two important
Armenian monuments from the Safavid era at New Julfa in Isfahan, using pyrolysis—gas
chromatography-mass spectrometry (Py-GC-MS), gas chromatography-mass spectrometry
(GC/MS), X-ray diffractometry (XRD) and scanning electron microscope coupled with energy
dispersive X-ray spectrometry (SEM-EDX). GC/MS and Py-GC-MS used for the charactetization
of organic materials of samples and XRD and SEM-EDX used for the characterization of inorganic
materials of samples. The analytical data show that animal glue was used as a binding medium of
pastiglia while linseed oil was probably employed as the mordant agent in the gilding decorations;
furthermore, linseed oil was used as a varnish layer on the gilding decorations of Vank cathedral.
Also, the inorganic part of the pastiglia substrate showed to have been composed of gypsum and an
iron-rich clay. These results are discussed in the larger context of the pastiglia technique in other
contemporary historical monuments in Isfahan. It can be said that this present research is looking
for structural and technical differences and affinities of these decorations in Isfahan Armenian and
Islamic buildings at Safavid era.
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Introduction

The great Safavid dynasty is the most vivid historical period of Iran. The pastiglia technique has been widely
used as the preparation layer for gilding decoration in Iran during the Safavid period. Generally, the purpose
of pastiglia is to create a prominent surface for the gilding array. This artistic technique is usually called
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“Pastiglia”, which is an Italian word, but due to the various ways of performing, different names have been
used in different cultures [1-6]. In various historical periods, several gilding techniques have been used in
illumination and easel and mural paintings. Metal leaves such as gold, silver and tin have been widely used by
artists in artworks to decorate, making precious and optical dynamism of the work. Bethlehem Church [fig.1]
and Vank Cathedral (Surp Amenaprgich) [fig.2], the two holy places of the Safavid era, are the most famous
Armenian churches in New Julfa of Isfahan with pastiglia and gilding decorations.

Materials and Methods

Py-GC-MS: Analyses wete petformed by using a multi-shot pyrolyser EGA/PY-3030D (Frontier Lab, Japan)
coupled with a 6890N gas chromatography system with a split/splitless injection port and combined with a
5973 mass selective single quadrupole mass spectrometer (Agilent Technologies, U.S.A.).

GC-MS: GC/MS instrumentation consisted of a Trace GC 2000 chromatogtraphic system equipped with a
PTV injection port and coupled to an ITQ 900 ion trap (Thermo Fisher, U.S.A.).

Peak assignment was based on a comparison with library mass spectra (NIST 1.7 main EI MS library,
WILEY 275 MS library).

SEM/EDX: A MIRA3 model electron microscope (TESCAN, Czech Republic), with 15kV and 100pA, used
for performing the analysis.

XRD: For performing the analysis, a D8 Advance model XRD instrument (Bruker), equipped with Cu-Ko x-
ray and with 1.5045 A wavelength, was used.

Identification of crystal phases was based on a comparison with International center for XRD data files
(ICDD PDF); X'"Pert HighScore Plus software was used for this.

Results

According to the hypothesis of the research, there could be the two types of organic materials in the samples
(Gluing agent and Binder media). So, in order to gain the fingerprint of organic materials, Py-GC-MS was
petformed (Samples 2009.V.2 and 2010.B.1.). Then, according to the tesults, GC/MS analysis used for the
identification of the organic materials [21, 23]. The procedure of GC/MS that used in this research, is a muld-
step chemical pretreatments approach with primary extraction of organic compounds with ammonia solution,
which was performed according to the procedure reported in the literature ref 14.

After confirming the presence of organic materials in the sample structure and identifying the type of these
compounds, SEM pictograms were taken to investigate the morphological growth of the mineral crystals of
the sample structure. EDX and XRD analyze were used to identify the constituents of minerals as the
complementary analyzes.

Py-GC-MS: Palmitic acid and stearic acid peaks imply the lipid materials in samples structure (Figs. 3 and 4).
Short chain fatty acids and homologues could be the results of the decomposition process of palmitic acid
and stearic acid and or the same acidic compounds [30]. The pyrolysis product of proline and hydroxy proline
is the pyrrole which its peak there is in the fig3. Due to the presence of the pyrrole (Fig. 3), proteinaceous
material of the sample could be an animal glue [15]. Pyrolysis chromatograms shows that at least two kinds of
organic materials was used in the pastiglia and gilding samples: Lipids and Proteins.

GC/MS: According to the (1) Py-GC-MS results which gave us a general idea about the organic materials of
samples and (2) similarity of the Py-GC-MS tesults of the samples, GC/MS analysis used for the
characterization of the organic materials in the sample 2010.B.1. The chromatographic separation of 2010.B.1
sample was performed at two different parts. First part of analysis was applied on the only pastiglia part of
the sample (Code: 2010.B.1-pink). Second part of analysis was applied on the whole part of the sample (Code:
2010.B.1).

The extracted amino acids from 2010.B.1 and 2010.B.1-pink are the same (Chroma a, b; fig5).. There is
lower amount of proteinaceous materials in 2010.B.1-pink respect to 2010.B.1. The Fig.6 shows the
chromatograms of the lipid and resin materials of the sample 2010.B.1. Both of the two samples have
proteinceous and lipid materials.

SEM: SEM Pictures confirms the presence of gluing media between the gold leaf and the pastiglia layers
(Peak a, Fig.7, 8). Monoclinic crystals of gypsum are noticeable in Fig. 8 and 9. According to these pictures,

there are some differences about the morphological growth of the pastiglia and the gypsum ground crystals.

3.4. EDX: With due attention to the EDX results of the pastiglia samples of the Vank cathedral and the
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Bethlehem church, maximum weight percentages of the identified elements belongs to the Calcium and
Sulfur (Table 4); also, the most weight percentages of the identified elements of the plaster ground, in both
churches samples, are belong to the calcium and sulfur too, which is foreseeable (Table 5).

XRD: The major phases of the inorganic materials of the samples (2010.V.1, 2009.V.2, 2010.B.1) are gypsum
and quartz. In addition, in the sample 2010.B.1, hematite and in the sample 2009.V.2, anhydrite were
identified (Table 06).

Conclusion

The inorganic part of the both of the churches was made of gypsum and an iron-rich clay; and also, animal
glue used as the binder of pastiglia. Linseed oil was probably employed as the glue in the gilding decorations.
The gilding decorations of Vank cathedral also had a varnish layer that linseed oil was used for this aim. It
seems that the structural and technical difference of these decorations in Isfahan Armenian and Islamic
buildings at Safavid era, is the different phases of the clay of the pastiglias.
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Fig. 2: (top, middle) General view from the dome chamber
of the Vank Cathedral and location of sampling namely

(top) 2016.V.1 and (middle) 2010.V.2 together with (four
images at bottom) deteriorated pastiglia before restoration.
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Table 2: Chemical reagents

Reagent Purchased from...
Trifluoracetic acid ; 99% Fluka
Anhydrous pyridine Fluka
ETSH; 99.5% Sigma-Aldrich
Sodium azide; 99.5% Sigma-Aldrich
BSTFA with and without 1% . .
trimethylchlorosilane Sigma-Aldrich
MTBSTFA + 1% . .
trimethylchlorosilane Sigma-Aldrich
triethylamine Sigma-Aldrich

bzl ¥ Jglo
Table 3: Standards

Solution

Contents

Usage

Amino acid solution in
0.1M HCl

12.5umol/ml of Pro & Hyp + 2.54mol/ml ofAsp, Glu, Ala,
arginine, cysteine, Phe, Gly, hydroxylysine, lle, Leu, Lys, Met, Ser,
Tyr, threonine, Val

Solution of fatty and
dicarboxylic acids in
acetone

Lauric acid (0.24mg/g), suberic acid (0.27mg/g), azelaic acid (0.28
mg/g), mytistic acid (0.25mg/g), sebacic acid (0.3 mg/g), palmitic
acid (0.25mg/g), oleic acid (0.51mg/g), steatic acid (0.51 mg/g)

Notleucine solution in

Derivatization internal

bidistilled water 138.66Mg/g staqdard A
For amino acids
Tridecanoic acid Derivatization internal
S 135.48g/g standard for lipid-resinous
solution in isooctane h
fraction
Hexadecane solution L
80.34pg/g Injection internal standard

in isooctane

9y = AU ol [21,23] ebS Gy e
i A ool 2000.V.2 3 2010B.1 (sladges
V=0 iy 3 48 GIUT ol 5l ol b 4 gy
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Short chain fatty acid
and homologus

e e i
Abundance
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Fig. 3: Py-GC-MS Chromatogram of 2009.V .2, without derivatization agent.
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Fig. 5: GC/MS Chromatogram of proteinaceous
materials. Chroma. a: 2010.B.1; Chroma. b: 2010.B.1-pink.
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Fig. 4: Py-GC-MS Chromatogram of 2010.B.1, with
HMDS derivatization agent.
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Fig. 7: SEM Pics of samples of Bethlehem church.
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Fig. 6: GC/MS Chromatogram of lipidic materials.
Chroma. a: 2010.B.1; Chroma. b: 2010.B.1-pink.
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Table 4: Identified elements in Pastiglia part of samples with EDX analysis

Ox. Form Elem. Na,0 | MgO | ALO; SiO, SO; K0 CaO Fe,03 Cl
X nd 1.38 3.53 8.84 46.52 1.14 32.75 4.46 1.38
Vank S = 0.64 0.77 3.23 1.98 0.24 1.78 1.40 0.51
Bethlehem X 0.93 1.31 5.94 12.77 42.23 1.51 30.34 5.06 0.45
S 0.63 045 0.66 1.96 3.70 0.34 0.55 0.38 0.33

e Bl S ke X

EDX P9y L Lbd)’o) proes Cj w3 )l AW @L»Lw) )..oL.C :QJ},\?
Table 5: Identified elements in Gypsum part of samples with EDX analysis

Ox. Form Elem. Nazo MgO A1203 SiOz SO3 Kzo CaO Fe203 Cl
X nd. 1.29 3.55 9.87 45.83 0.87 36.16 1.43 0.95
Vank S = 0.02 2.45 9.88 13.16 0.65 0.64 0.87 0.95
Bethlehem X 0.56 0.63 1.47 3.07 55.58 0.34 37.61 0.45 0.23
S 0.40 0.20 0.48 1.87 1.33 0.20 0.67 0.18 0.16

XRD uf:?) LY W) dLﬁJl—w L;Lm)lﬁ .;"_Jab
Table 6: Identified phases with XRD analysis
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