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Abstract

Pastiglia and gilding are one of the most complex and special methods of surface decoration in
Islamic architecture of Iran, the flourishing of which should be sought in the Safavid period; this
architectural array, which is a combination of organic materials as well as metallic and non-metallic
minerals, was processed and executed during a special process. In order to propetly protect the
work and also to tretrieve the technical information contained in it, as well as to obtain the technical
information of this type of architectural arrangement in Safavid Iran, its artistic and technical
recognition in Chehel Sotoun of Qazvin as one of the most important buildings in the capital.
Safavism becomes important and necessary. From the first capital of the Safavid period (in Tabriz)
there is no layered and gilded array and Qazvin before Isfahan was considered and appropriate
measures have been taken to create architectural arrays. The present research is trying to study the
structure of layered and gilded arrays in the two Safavid periods (Shah Tahmaseb and Shah Abbas I
period) in Chehel Sotoun of Qazvin.

This research has been done with a laboratory approach with the aim of analyzing and
understanding the structure of different parts of these arrays, including the organic and inorganic
structure of the pastiglia layer, as well as the golden layer used on the pastiglia layer, called gilding.
In this regard, sampling was done from the layer of pastiglia and gilding related to Shah Tahmaseb
period and also the layer related to Shah Abbas Safavid period, which was evaluated using analyzes
(SEM-EDS, FT-IR, GC-MS) and were compared. The result of EDS analysis from the surface of
the metal layer indicates high purity gold. Also, the mineral part of the pastiglia layer is composed
of gypsum and a type of soil with a high percentage of iron (Hormuz or Armenian mud).
Examination of SEM images on the samples showed the presence of residues of organic matter
used in pastiglia and gold-plated arrays. Examination of the samples with GC-MS indicates the use
of vegetable oils, which due to the significant amount of eighteen carbon compounds and their
oxides, it can be attributed to flaxseed oil as a gold leaf adhesive in pastiglia layer arrays and Gilding
has been used.
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Introduction

Pastiglia and gilding are one of the most complex methods of surface decoration in Islamic
architecture of Iran, the flourishing of which should be sought in the Safavid period; this
architectural array, which is a combination of organic materials and metallic and non-metallic
minerals, was processed and executed in a special process. In order to propetly protect the work
and also to retrieve the technical information contained in it and also to obtain the technical
information of this type of architectural arrangement in Iran during the Safavid period, its artistic
and technical recognition in Chehel Sotun Palace of Qazvin becomes important and necessaty as
one of the most important capital buildings in the Safavid era. From the first capital of the Safavid
period, pastiglia and gilding has not remained and Qazvin was considered before Isfahan and
appropriate actions have been done to create architectural arrays. The present study has
investigated the structure of pastiglia and gilding arrays in two Safavid periods (Shah Tahmaseb and
Shah Abbas I period) in Chehel Sotun Palace of Qazvin.

Materials and Methods

During this research sampling was done from the pastiglia and gilding parts of the layer related to
Shah Tahmaseb as well as the layer related to Shah Abbas I, which was evaluated using SEM-EDS,
FT-IR, GC-MS analyzes. These samples were compared. The prepared samples show three layers
of gypsum substrate, pastiglia and gold leaf; In SEM-EDS, EDS analysis was first prepared from
the surface of the sheet metal and also from the surface of the pastiglia to identify the sheet material
as well as to determine whether the pastiglia minerals are similar or different from the samples
studied in Isfahan. To identify organic materials in the pastiglia as well as the adhesive under the
gold foil, the surface of the samples was first monitored by SEM to record possible residues.
Images were taken at 5000x magnification from the surface of the gold-plated samples. Images with
6,000x, 2,000x, and 10,000x magnifications were also taken from the middle parts of the pastiglia.
Also, for FT-IR analysis, gypsum substrate, pastiglia, and gold were analyzed separately so that with
the same view selected for the previous experiment, the materials used in the fasteners can be
identified using the difference between the identified materials and their quantity. For GC-MS
analysis, a sample of pastiglia and gold layer were prepared from each period, so that in the pastiglia
sample, the gold layer was removed as much as possible, and in the gold layer sample, the thickness
of the rose layer was minimized to distinguish the organic materials used in the pastiglia and the
adhesive under the gold using the difference of the identified materials and their quantity in the
layers.

Discussion and Results
Examination of SEM images indicates the presence of residues of organic material, which are then
examined by FT-IR and GC-MS analyzers. Studies have shown that gold leaf is eroded and gypsum
crystals from the pastiglia are cleatly visible. In this part, amorphous non-crystalline materials are
partially and rarely visible. In this part, amorphous non-crystalline materials are partially and rarely
visible. Also, in a part, the gold leaf is completely separated and destroyed, but its adhesive layer is
seen as a smooth and polished surface in a dark color. The lower part of the gold leaf is seen more
clearly and in layers. Given the crystalline structure of the minerals used in the pastiglia and the
differences between the layers identified with them, it can be considered that what is seen is organic
material. In the pastiglia studied samples, the structures are mineral materials whose crystalline
forms are known and identifiable, and what is recorded in the images is completely different from
their crystalline structure, and on the other hand, it is not a function of mineral crystallization
structure systems so it can be concluded that what is recorded is the remains of organic materials.
The FT-IR results do not report any organic materials in the internal structure, and based on
that, only the presence of gypsum and soil compounds of silicon and iron can be mentioned.
Examination of samples with GC-MS indicates the use of vegetable oils, which due to the
significant amount of eighteen carbon compounds and its oxides, it can be attributed to flaxseed
oil. The result of EDS analysis from the surface of the metal layer indicates high purity gold. Also,
the result of this analysis from the material part of the porcelain layer shows gypsum along with soil
with high iron. The FT-IR spectrum of all four samples provides the same information. Absorption
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bands in the areas of cm-13550-3400 related to asymmetric tensile vibrations of OH and absorption
bands 602 and 668 cm-1 can be related to sulfate adsorption, both of which can be attributed to the
presence of gypsum in these structures. Adsorption bands in the areas of 1620-1680 ¢cm-116 can
also be considered due to hydration of sulfate in gypsum. Although vibrations associated with the C
= Cand C = N groups can also cause absorption bands in this area, other absorption bands should
also be considered. Due to the weak adsorption band associated with organic materials, including
the absence of CH-induced adsorption in the area of 2800-2950, the possibility of sulfate hydration
seems more certain. Elongated and weakly absorbed band 210-220 ¢cm-1 can be associated with
HCO3- vibrations. Two weak absorption bands in the regions of 1415 and 1438 cm-1 can be
considered as caused by CH vibrations. The 475 cm-1 absorption band can also be associated with
silicate vibrations and the 430 cm-1 absorption band can be attributed to FeO vibrations.

Also in samples F1-1 and F2-2, poor absorption in the range of about 1575 cm-1 can be
attributed to symmetric CNO vibrations. The intensity of these two recent adsorption bands is so
low that no definite conclusion can be drawn based on it, and in general, FT-IR results can be
related to adsorption due to calcium sulfate, iron oxide and silicon and the presence of organic
matter or its type cannot be strongly confirmed in these samples. In the GC-MS experiment,
protein identities as well as amino acids were singled out, and oils, different percentages of
carboxylic acids, and ester derivatives of fatty acids were recognized. The results show the
constituents of vegetable oils, their oxides and in some cases their glyceride chains. In the results of
this method, different structures of carboxylic acids and their derivatives, especially sixteen carbon
esters (palmitic acid) and eighteen carbon (stearic, linolenic, linoleic and oleic acid) and their oxides
were recognized. They can indicate flaxseed oil. Depending on the saturation of these structures,
different behaviors occur in oxidation and then derivation from them, so different combinations of
them are seen in this analysis. None of the amino acid-related structures that make up animal
adhesives such as silk were shown in this analysis. Also, according to the analysis method, it was not
expected that the structure of terpenoid resins could be extracted and identified because these
resins are long-chain due to polymerization and cannot be identified by solvent derivation in GC-
MS.

Conclusion

The results of the analysis on the samples of the two periods were very similar to each other, which
shows the continuity of the technique of performing layer arrays of pastiglia and gilding in the two
different Safavid periods. Eventually, the results show that the structure of the materials used in the
pastiglia of the two Safavid periods of the Chehel Sotun palace of Qazvin are similar.
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Table 1: Time periods of interventions (reconstruction, repair, restoration, additions) in Qazvin Chehelsotoun

Construction of Dowlat khaneh

R g Jaz Ojles ) Ablie £g e o
TYPE OF INTERVENTION IN QAZVIN CHEHELSTON PERIODS
MANSION ©®)
45[&&153 Slas) Soro cuvlogi ol 593

THE PERIOD OF SHAH TAHMASB
SAFAVID

SLT oles §b g wlscdgy IS ) ol puss
Changes in the elements of government place (Dowlat khaneh) and
garden of Saadat Abad

Pa.} J;.Gl.o.wl ol “59.040 3)9.)
SAFAVID PERIOD, KING ISMAIL IT

Oles By gz Sl ol Sk g pgd il (12938
Add the second floor and its stairs from the southeast directiont of the
mansion

('P VYA / (5 \'Y‘A) uoL.c ol ;d}éﬁo 3)5.)
SAFAVID PERIOD, SHAH ABBAS
(1629)AD

L &lysess gl
The first restoration of the building

(0 YAYA /.5 \YR0) a6 5,5
QAJAR PERIOD (1878 AD)

2l 3lay Bl o )] (38 5 o> il 5 (g & Slysesi pgd 0)9>
Jlod ol 51l pg bl (el L o Lo g iy Sl o plyes (1098 L
Second petiod of repaits, especially on the second floot and elevation of

the roof, brick fitting with semicircular arch around the building, and
construction of stairs for the second floor on the north side

‘(.[b VAAL —VAAA / .é \WYWer —\\“~£)) )l>l9 5)93
alalidlsan
THE QAJAR PERIOD (1889-1888), DURING
THE REIGN OF SAAD AL-SALTANAH

po 893 Clyrass
Third Period of Restoration

£S5 VLo i VY /.3 YY) a5y
THE QAJAR PERIOD (1902 AD), SALAR
AKRAM'S REIGN

Sles lp S le

Build a staircase for the mansion

(0 VY 3N/ 5 WYA SIYYY) Jlals o9

THE QAJAR PERIOD 1919 TO 1920A.D -
REIGN OF NEZAM AL-SULTAN AND
MUFAFAGH AL-DAWLAH

UKL Sl

The stairs were removed and demolished

(£ )AYY /. 3ITYR) a6 59
THE QAJAR PERIOD (192 A.D)

il dus opgd A g yiwd pano sl o S 4Y i Sla BB @ (P o

033196 )9 b o
Paintings found on gypsum substrate - second floor access path
changed - galvanized sheet gable roof installed

(12 YADY /.33 WYF) (cole 690
AD) PAHLAVI PERIOD (1957

The first scientific reconstruction of the building was carried out - Tie
stiffening and strengthening was done

(2 YA .5 WWFY) (ooles 59
PAHLAVI PERIOD (1968)

Uy b odlis (3 01 5 o o3 ()Y
The paintings were peeled and some paintings were removed from the
building

(VAVY /.45 YOY) (solag by90
PAHLAVI PERIOD (1973)

The tie wrapping was done around the porch

(2 YAYA 1. 5VYOY) (soleg 590
PAHLAVI PERIOD (1978)

OlSF Cupo g cbblas loladl Cadys

All preservation and restoration activities were stopped

(4 YAAY 1.3 W ) oMl (5500 B)y9d
ISLAMIC REPUBLIC PERIOD (1981)

logysis 42y ) (554)5) SV 5 o2 sloigioo sl & 2l o )13
Cugby 8> (4l

Instead of wooden columns, iron beams were inserted
At the base of the columns for damping and moisture removal,

channeling was performed

(‘b VAAY / L)"’ \\rd! ) L;"M“" SR> 5)9.)
ISLAMIC REPUBLIC PERIOD (1982)

i g (Slgyed S po
The roof of the building were repaired

(.‘n \aay / L)" WYY ) L;c)’tm‘ SR> 5)9.)
ISLAMIC REPUBLIC PERIOD (1992)

oj90 4 Ly s

This monument became a museum

(£ YRR/ 5 VYWY ) oMl (6 yspee 690
ISLAMIC REPUBLIC PERIOD (1998)
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Fig. 3: Pastiglia and gilding layer arrangement related to Qazvin Chehelsotoun, which has been separated in the style of Stako
and installed on a wooden panel.
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Fig. 4: Three decorative layers from Safavid and Qajar periods; Layer 1: Shah Tahmasb period, layer 2: Shah Abbas period
and layer 3: Qajar petiod
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Table 2: Specification of GC-MS analysis

Agilent 7000, Triple Quad, GC 7890A Column: 30m* 0.25mm id* 0.25um HP-5MS
Injection Volume: in acqmeth Split: in acqgmeth Heater: in acqmeth
TR . Temperature Programming: in acqmeth Detection: MS in scan mode
Carrier: Helium constant in acqmeth Ton Soutce: 230°C (25-800 amu)
EI: 70ev Transfer line: 300°C NIST Library
Y
S
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Fig. 5: Facades from the sampling site for selected research experiments
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Fig. 6: samples of gypsum layer along with pastiglia and gilding layer arrangement from Safavid periods 1 and 2
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Table 4: Point elemental analysis (EDS) of the metal sheet surface and pastiglia
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Fig. 7: The spectrum obtained Point elemental analysis (EDS) of the metal sheet surface
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Fig. 8: The spectrum obtained Point elemental analysis (EDS) of the metal sheet surface
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Fig. 9: Gold leaf and underlays. A and B: The first layer (Shah Tahmaseb's petiod); C Second layer (Shah Abbas period)
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Fig. 10: Pastiglia structure. D: The first layer (Shah Tahmaseb's period); E and F second layer (Shah Abbas petiod)
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Table 5: Results obtained from the tested samples with GC-MS device
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