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Abstract: In this paper we are proposing a complex study about the structure and composition of a sample prelevated from Palace of
Culture, Iassy (as fragment detached from the building,   without value), in order to identify the existing materials and to select the 
proper materials useful for restoration. Microscopy allows to observe the presence of the main weathering signs (chromatic 
alteration, alveolization, blistering, differential disaggregation, efflorescence, decohesion, exfoliation and detachment, cracking, 
delamination, disaggregation, flaking, loss), EDXRF and ICP-AES allow elemental composition of sample, while GC-MS allow us 
for the first time in the literature, the identification of the coniferous resin from the glue in mixture with fatty acids, plant oils and 
possibly beeswax used to bind the paint to the wall support. The composition and aging compounds found in this sample have been 
analyzed by FTIR and Raman spectroscopy. Also, The CIELAB color parameters were calculated and have been determined clarity 
(L*), red/green colour component (a*) and yellow/blue colour component (b*) and their derived magnititudes: chroma (C*) and tone 
(H*), together with their differences and the overall colorimetric difference between treated and not-treated samples: ∆E*.
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1.  INTRODUCTION

The Palace of Culture, recognized as the most important 
Gothic monument from Iassy is one of the last 
expressions of Romanticism in Romanian architecture 
[1].  The edifice was built in the period 1906-1925; it is 
the most outstanding work of Romanian architect I.D, 
Berindei, which demolished the old buildings in the 
courtyard great princely courts and barracks. The 
exterior walls were decorated with heraldic elements [2]. 
Despite its archaic design, the Palace, the stone blocks 
have been replaced with lightweight and less expensive 
materials. Foe example, some rooms were decorated, 
using a special material patented by Henri Coanda, 
called bois cement or "concrete bois", and imitating oak 
[3]. This new construction material has been obtained 
through a patent in France, and even now its receipee is 
not completely known.  
After 1977, when the palace became a museum, the 
original harmony has turned into kitsch typical 
communist era. A firm state monopoly, fully covered 

walls and ceilings those were painted and therefore very 
beautiful.  
Being in a long restoration process, this palace needs 
optimal and correct solutions and materials, compatible 
with the initial ones. That’s why, by using a fragment 
detached from the the building, we tryed now to identify 
the structure and composition of some painted surface, 
and the glue used to link the paint to the support. 
Stone monuments worldwide are suffering from 
weathering and erosion due to natural causes and causes 
created through human impact [4]. Some known 
weathering processes work simultaneously to decompose 
rocks: physica (induced by the action of heat, water and 
pressure), chemical (due to the effects of atmospheric 
chemicals) and biological (provoqued by the 
microorganisms) in nature. Also, the stone surfaces 
exposed to intense sunlight or to high/low temperature 
variations can lead to shock on stones which can expand 
and contract differently, sometimes with coupled with 
salts in stone structure [5,6].  
In this paper we are proposing a complex study about the 
structure and composition of a sample prelevated from 
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Palace of Culture, Iassy (as fragment detached from the 
the building), in order to identify the existing materials 
and to select the proper materials useful for restoration. 
Microscopy allows to observe the presence of the main 
weathering signs (chromatic alteration, alveolization, 
blistering, differential disaggregation, efflorescence, 
decohesion, exfoliation and detachment, cracking, 
delamination, disaggregation, flaking, loss), EDXRF and 
ICP-AES allow elemental composition of sample, while 
GC-MS allow us for the first time in the literature, the 
identification of the coniferous resin from the glue used 
to link the paint to the wall support. The composition 
and aging compounds foung in this sample, have been 
discussed. Also, The CIELAB color parameters were 
calculated and have been determined clarity (L*), 
red/green colour component (a*) and yellow/blue colour 
component (b*) and their derived magnititudes: chroma 
(C*) and tone (H*), together with their differences and 
the overall colorimetric difference between treated and 
not-treated samples: ∆E*. 
 
2. EXPERIMENTAL SECTION 
2.1. Materials and methods 
 
The investigated sample is shown in Fig.1 

 
Fig.1. The photo of Mosaico Bizantino decoration 

 
2.2 Characterization techniques 
 
Raman spectra have been obtained with a portable dual 
wavelength Raman analyzer IR - XANTUS 2 – 
RIGAKU, with the following parameters: Dual 
wavelength source 1064nm & 785nm, spectral range 
(cm-1) 200 – 4000, Spectral Resolution (cm-1) 7 – 10, 
Laser Output Power (mW) 400 – 490, Laser Output 
Power (mW) 30 – 490, cooled detectors – CCD and 
InGaAs. The paint cross sections were analyzed using 
Raman spectroscopy in order to identify pigments and 
fillers. The laser beam was focused on a diameter of 
about 25, 5 and 1.5–2 µm, respectively. Spectra were 

acquired using 10 s of signal collection time and five 
accumulations.  
The FTIR spectra have been recorded by Attenuated 
Total Reflectance, ATR, with a Perkin Elmer Spectrum 
GX spectrometer (PerkinElmer Ltd., UK), in the 
following conditions: range 4000 cm-1 to 580 cm-1, 32 
scan, resolution 4 cm-1. 
X-ray fluorescence analysis,  performed with an energy 
dispersive instrument, EDXRF PW4025, type Minipal- 
Panalytical, with a Si(Li)-detector of 150 eV resolution 
at 5.89 keV (Mn-Kα-line). 
A Varian Liberty 110 Series spectrometer was used for 
the ICP-AES analysis. The samples were cut off from 
the original shreds and were finely powdered in an agate 
mortar. Multielement, matrix matched standards were 
used for the quantitative determinations. Microwave 
assisted digestions were performed in a Berghof 
microwave oven with the use of high-pressure closed 
Teflon PFA vessels and online pressure and temperature 
control.  
Light Optical Microscopy (LOM) has been used for a 
stratigraphic characterization of polychrome surfaces by 
Light optical microscopy (LOM) using Leica DM 1000 
stereoscopic microscope with a Leica EC3 camera under 
a magnification of 40x to 600x, to determine the matrix 
heterogeneity, particle size, color, shape and 
transparency. 
Gas-chromatography with mass spectrometry 
(GC/MS) has been achieved with GC/MS Triple Quad 
Agilent Technology (for compounds identification we 
based on  NIST Library). 
GC method: Column DB-WAX  (L=30m, D=250 µm, 
d=0,25 µm; Oven Program: 50oC for 5min., then 
4oC/min to 150oC , then 10oC/min to 320oC; Carrier gas: 
He, Flow=1ml/min; Injector Temp.: 250oC; Injection 
Volume: 0,5 µl 
MS Method: QQQ Collision Cell: Quench Flow Gas 
(He) = 2,2 ml/min; Collision Flow Gas (N2 ) = 1,5 
ml/min; Type of Source : EI; Electron Energy : 70  eV; 
Source Temperature: 230oC ; Aux Temp2. : 280oC ; 
Scan Segment : 40-400; Type of Chromatogrm : TIC 
Color measurements, achieved with a 
spectrophotometer (Carl Zeiss Jena M40) under a D65 
light source and an observer angle of 10O. The CIELAB 
color parameters clarity (L*), red/green colour 
component (a*) and yellow/blue colour component (b*) 
and their derived magnititudes: chroma (C*) and tone 
(H*). The differences in ∆L*, ∆a*, and ∆b* and the total 
color differences ∆E* were calculated using specific 
formulas [7, 8]. The differences between treated and 
non-treated samples have been calculated, too (∆H*, 
∆C*), correlated with the overall colorimetric difference 
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between non-treated and treated samples: ∆E*[9]. 
According to the literature ∆E* < 5 was considered as 
corresponding to a not significant variation [10].  
 

3. RESULTS AND DISCUSSIONS 
 
The infrared spectroscopic analysis carried out on the 
sample prelevated from Palace of Culture allowed the 
identification of different inorganic phases and organic 
products, as follows (Fig.2): 
- stretching vibrations of calcium carbonate (CaCO3), 
peaked at 1962, 1409, 715 and 603 cm−1.  
- typical vibrational bands of gypsum (CaSO4·2H2O), 
centered at 667 cm−1, and its related forms (bassanite and 
anhydrite, as the main degradation forms of gypsum) 
- bands of clay minerals were recognized, through the 
peaks from 975 cm−1 (Si–O–Si bond) from clay, and of 
calcite (1018 cm−1 ) [11].  
-the bands from 1010 cm-1 could be attributed to 
cellulose/silicate, as a proof for wood pieces and clay in 
the binder and support [12,13]. 
- The strong bands at 1409 and 1452 cm-1 are 
characteristic of pigments (ex.Verdigris or red lead); 
- the bands below 700 cm-1 are assigned to TiO2. 
- the presence of S is from cadmium/zinc sulphide, used 
as yellow pigment. 
Representative FTIR spectra of the analyzed samples are 
shown in Fig. 2. 
Some of the FTIR bands are not visible in Raman 
spectra, most probably due to the absorption of different 
pigments used for painting and due to used binders. 
- Raman bands associated with the glyceride carbonyl 
groups (1739 cm-1), suggest the presence of a drying oil. 
Also, fatty acid carboxylate bands at 1519 and 1325 cm-

1, are identified, those being responsible for the reaction 
between the copper-containing pigment and the drying 
oil.  
 

 
Fig.2. FTIR spectra of painted surface and  support surface 

 
Fig.3. Raman spectra of painted surface and  support 

surface 
 

- Bands at  1409, 1074 and 667cm-1 demonstrate that the 
lead carbonate is present in the basic or hydrocerussite 
form, 2PbCO3·Pb(OH)2, element visible from EDXRF 
investigations, too. 
-the Raman bands from 1425 cm-1 could be attributed to 
calcium oxalate, most probably formed by degradation, 
but majority on the support [14]. 

 

Table 1. The ICP-AES results for Mosaico Bizantino 
decoration 

 

Painted surface Support surface 
Element 
 

Concentration 
(%) 

Element 
 

Concentration 
(%) 

Al 0.071259843 Al 0.008229167 
Ca 0.866141732 Ca 1.90625 
Sr 0.056496063 Sr 0.0528125 
Mn 0.023031496 Mn 0.0053125 
Fe 0.442913386 Fe 0.003333333 
Cr 0.003149606 Cr 0.001041667 
Mg 0.024212598 Mg 0.016979167 
Na 0.076771654 Na 0.043020833 
Zn 17.32283465 Zn 0.02090625 
Cu 0.004330709 Cu 0.006875 
K 0.013188976 K 0.006875 
Pb 0.093503937 Pb  

 
Table 2. The EDXRF results for Mosaico Bizantino 

decoration 

Support surface Painted surface 
Element 
 

Concentration 
(%) 

Element 
 

Concentration 
(%) 

Al2O3 3.0 Al2O3 3.8 
SiO2 1.4 SiO2 5.8 
P2O5 2.7 P2O5 1.8 
SO3 55.7 SO3 30.1 
CaO 35.5 CaO 11.2 
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  TiO2 0.51 
  V2O5 0.17 
  Cr2O3 0.11 

Fe2O3 0.17 Fe2O3 3.98 
ZnO 0.03 ZnO 42.0 

  PbO 0.60 
Cl 1.5   

 

The main conditions associated with the deterioration of 
stucco are: blistering (bubbles beneath the stucco), 
cracking (hairline to wide-open), delamination (the 
finish, brown, and scratch coats detach from one 
another), detachment (the stucco actually detaches from 
the wall beneath), disaggregation (loss of binder), 
flaking (thin, small layers of the finish coat loosen and 
flake off), loss (sometimes sheets of stucco detach and 
fall exposing the substrate beneath). Excessive water 
infiltration (through cracks or loss, for example) leads to 
a high moisture content. If salts are present in the stucco 
itself, cyclical wetting and drying can lead to damaging 
efflorescence. The leaching of the salts which then 
crystallize, expands, and attracts more moisture.  
Repeated freezing and thawing processes cause internal 
deterioration, detachment of stucco from the substrate, 
and delamination of the stucco’s layers. Similar effects 
of water are responsible for cracking in stucco. All these 
stucco deterioration are visible in Fig.4. 
 

  
chromatic alteration and 

cracking 
loss and exfoliation 

  
alveolization blistering and 

disaggregation 

  
efflorescence exfoliation, decohesion and 

detachment 
Fig.4. Optical microscopy of deterioration of Mosaico 

Bizantino decoration 
 

The main problem in thus case is the binder (glue) 
substrate, which is visible in Fig. 5. 
 

 
Fig.5. The image of all layers from  Mosaico Bizantino 

decoration 
 

This binder powder prelevated with a spatula, has been 
extracted in methanol, filtered and and after that has 
been analyzed by GC-MS, Fig.6. 

 

 
Fig.6. GC-MS results from Mosaico Bizantino decoration 

 
Table 3. The compounds identified by GC-MS 

 

RT Area Sum 
% 

Attribution 

2.196 1.09 dl-phenylephrine
7.531 1.23 α-cubebene
7.851 3.62 δ-cadinene
8.592 1.46 Germacrene D

10.326 1.9 α-thujene
10.96 0.81 Dihydro-cis-α-copaene-8-ol
11.45 Not 

quantified
3-thujene-2-one

11.47 Not 
quantified

borneol

11.59 Not 
quantified

Terpinene-4-ol

13.083 2.44 Manoyl oxide
13.297 1.88 α-Terpinyl- acetate
13.489 22.89 Thubergen
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13.68  α-copaene
14.236 41.43 sclareol
14.726 1.71 N.D.
15.09  α-Muurolene
15.27 6.25 Pimara-7,15-dien-3-one

16.492 2 α-cadinol
22.749 11.29 N.D.

 
The presence of fatty acids, diacids, hydroxy-acids, long 
chain alcohols and specific alkane patterns highlighted 
the presence of beeswax, animal fats, plant oils and pine 
resin. GC-MS analysis of the binder showed that the 
medium consisted of oil with addition of natural resin. 
As a weathering sign, the chromatic alteration is visible 
from the chromatic parameters: ∆E=0.91; ∆L=0.24, 
∆C=0.83; ∆H= 0.29. These very small differences of the 
chromatic parameters of the painted face vs. white face 
indicated that: 
- during the time, the painted face supported a 

bleaching process; 
- the adsorbtion of the pigments into binder  and 

substrate; 
- during the degradation, many islands are  formed, 

containing white efflorescence, fragments loss, all 
together contributing to the whitening of the painted 
face of the examined sample [14]. 

 
 
4. CONCLUSIONS 

 
In this paper we are proposing a complex study about the 
structure and composition of a sample prelevated from 
Palace of Culture, Iassy (as fragment detached from the 
building, without value), in order to identify the existing 
materials and to select the proper materials useful for 
restoration. Microscopy allows to observe the presence 
of the main weathering signs (chromatic alteration, 
alveolization, blistering, differential disaggregation, 
efflorescence, decohesion, exfoliation and detachment, 
cracking, delamination, disaggregation, flaking, loss), 
EDXRF and ICP-AES allow elemental composition of 
sample, while GC-MS allow us for the first time in the 
literature, the identification of the coniferous resin from 
the glue used to link the paint to the wall support. The 
composition and aging compounds found in this sample 
have been analyzed by FTIR and Raman spectroscopy. 
The presence of fatty acids, diacids, hydroxy-acids, long 
chain alcohols and specific alkane patterns highlighted 
the presence of plant oils and pine resin. Also, The 
CIELAB color parameters were calculated and indicated 
a very small difference between painted and white 
surface, as a proof of the weathering process in time. 
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