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Abstract: Out of a total of 56 paintings in the collection of the Lazar Vozarević Gallery in Sremska
Mitrovica, only one Lazar Vozarević painting from 1961, titled “Untitled”, has been subject to atypical
degradation that has resulted in damage of completely atypical appearance. Such a problem had
never before been noticed in Yugoslavian paintings of the 20th century. Discolored areas were found
in various locations on the paint layer of the painting “Untitled” (especially on the lower and central
parts of the painting), which disturbed the visual experience of the artistic work. To discover the cause
of this discoloration, the composition of the paint layer was investigated, with the assumption that
the true cause of degradation was hidden therein. Moreover, this painting belongs to a specific period
in Vozarević’s activity, characterized by the use of non-traditional painting materials. To identify
pigments from the highly degraded painting “Untitled”, scanning electron microscopy coupled with
energy dispersive X-ray spectrometry (SEM/EDS) and micro-Raman spectroscopy were applied.
Lithol red, a synthetic organic pigment known to give paintings a red tone, was identified as the
main reason for the painting’s degradation. Lithol red is not only highly light-sensitive but is also
chemically unstable, toxic, and sensitive to heat.
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1. Introduction

Nowadays, micro-Raman spectroscopy is well-known as an effective tool for identifying the
molecular structures of different compounds present in artwork [1–5]. A large variety of inorganic
and organic pigment materials have previously been identified by micro-Raman spectroscopy [6–14].
In fact, Fremout and Saverwyns [15] reported a comprehensive digital Raman database of 270 synthetic
organic pigments (SOP), Vandenabelle, Edwards, and Moens [1] analyzed 21 azo pigments, and Ropret,
Centeno, and Bukovec [11] investigated the Raman reference spectra of 21 yellow SOPs, while Scherrer
et al. [12] reported a Raman spectral library of 93 SOPs. Furthermore, specific studies regarding
Modern Art paintings have been conducted for the works of Francis Picabia [9], Pablo Picasso and
Jasper Johns [10]. Scanning electron microscopy coupled with energy dispersive X-ray spectrometry
(SEM/EDS) could be useful for obtaining complementary information about the raw materials used in
the artifacts [16,17].
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This paper presents a micro-Raman study completed with SEM/EDS measurements of the pigment
and ground materials used by Lazar Vozarević in his painting “Untitled” (1961). Bearing in mind the
severe degree of paint layer deterioration of the “Untitled” painting, the aim of this research was to
determine which materials Vozarević introduced when working on the painting “Untitled” in terms of
discovering the causes of these atypical damages. The obtained results are important for conservation
treatment decisions as well as for the creation of microclimate conditions that would prevent or at least
slow down the degradation process. Also, the insight into the technological characteristics of the “Art
Informel” phase in the paintings of one of the most important representatives of Yugoslav modern art.

Painter and the Paintings

Lazar Vozarević was born on 15 July 1925 in Sremska Mitrovica (Serbia). His works are exhibited
in the Art Gallery “Lazar Vozarević” in his hometown, which opened after his sudden death from
blood poisoning in 1968, as well as in the Museum of Contemporary Art in Belgrade (Serbia), Art
Gallery in Cetinje (Montenegro), and some significant private collections in David Rockefeller (USA),
Guido Trevisan (Italy), Villa Lobos (Brazil), Philip Baudet (France), and Paul Flockerman (USA).

Around 1960, a significant change in Vozarević’s technique took place when he started transposing
medieval icons, ideas, and techniques in the context of the modernist painting concept [18].
According to Lazar Trifunovic in 1960, Vozarević conducted a series of experiments, technology
analyses, preparations, and drawings [19] and started a new approach and new ways of creating
paintings involving new materials [20].

The following year, Vozarević’s new paintings of pure “Art Informel”, considered as the best of
Vozarević’s paintings, appeared at the First Triennial Exhibition [18]. His “Art Informel” was based on
experiments with materials, fire and acids, burning material on the paintings, and adding non-painting
materials (copper plates1, wire, nails, stones, sand, etc.) [19].

2. Materials and Methods

2.1. Sampling

Five samples were selected for analysis, as depicted in Figure 1 and summarized in Table 1.
Large samples, a few millimeters in size, were taken from the edges and corners of the painting
and from the damaged areas. However, to respect conservation ethics and avoid damage to the
original features of the painting, it was not possible to provide samples from the copper plates and
covering layer.

1 It should be noted that painting on copper is an old technique that was mastered in Italy and the Low Countries during the
16th century.
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Table 1. Selected samples, corresponding photomicrographs and colours, applied methods Raman (including image for Raman analysis) and SEM/EDS and found
compositions for painting “Untitled”.

The Sample # Photomicrograph The Color Image for Raman
Analysis RamanAnalysis SEM/EDS Analysis the Suggested Composition

of the Sample

1

Table 1. Selected samples, corresponding photomicrographs and colours, applied methods Raman (including image for Raman analysis) and SEM/EDS and found 
compositions for painting “Untitled”.  
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Photomicrograph the Color Image for Raman 
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Raman 
Analysis 

SEM/EDS Analysis 
the Suggested 

Composition of the 
Sample  

1 

 

white and black 

 

ZnO, carbon black  BaSO4, ZnO, Mg-
silicate 

BaSO4, ZnO, carbon 
black, Mg-silicate  

2 

 

white  

 

CaCO3, BaSO4 BaSO4, ZnO CaCO3, BaSO4, ZnO,  

3 

 

red and black 

 

Lithol red, BaSO4  organic material, 
BaSO4 Lithol red, BaSO4,  

white and black
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Table 1. Cont.

The Sample # Photomicrograph The Color Image for Raman
Analysis RamanAnalysis SEM/EDS Analysis the Suggested Composition

of the Sample

4 4 

 

red, black and 
white 

 

BaSO4, carbon 
black 

organic material, 
BaSO4 BaSO4, carbon black 

5 

 

light brownish 
red and black 

 

Fe2O3, Goethite, 
BaSO4, Lithol red 

Fe-oxide/ hydroxide, 
CaCO3, BaSO4 

Fe2O3, Goethite , CaCO3, 
BaSO4, Lithol red 

red, black and white4 

 

red, black and 
white 

 

BaSO4, carbon 
black 

organic material, 
BaSO4 BaSO4, carbon black 

5 

 

light brownish 
red and black 

 

Fe2O3, Goethite, 
BaSO4, Lithol red 

Fe-oxide/ hydroxide, 
CaCO3, BaSO4 

Fe2O3, Goethite , CaCO3, 
BaSO4, Lithol red 

BaSO4, carbon black organic material,
BaSO4

BaSO4, carbon black

5

4 

 

red, black and 
white 

 

BaSO4, carbon 
black 

organic material, 
BaSO4 BaSO4, carbon black 

5 

 

light brownish 
red and black 

 

Fe2O3, Goethite, 
BaSO4, Lithol red 

Fe-oxide/ hydroxide, 
CaCO3, BaSO4 

Fe2O3, Goethite , CaCO3, 
BaSO4, Lithol red 

light brownish red and
black

4 

 

red, black and 
white 

 

BaSO4, carbon 
black 

organic material, 
BaSO4 BaSO4, carbon black 

5 

 

light brownish 
red and black 

 

Fe2O3, Goethite, 
BaSO4, Lithol red 

Fe-oxide/ hydroxide, 
CaCO3, BaSO4 

Fe2O3, Goethite , CaCO3, 
BaSO4, Lithol red 

Fe2O3, Goethite,
BaSO4, Lithol red

Fe-oxide/ hydroxide,
CaCO3, BaSO4

Fe2O3, Goethite, CaCO3,
BaSO4, Lithol red
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2.2. Methods

A high sensitivity multichannel notch-filtered INFINITY spectrograph (Jobin-Yvon-Horiba SAS,
Longjumeau, France) equipped with a Peltier cooled CCD matrix detector was used to record Raman
spectra between ~150 and 2000 cm−1, using 532 and 632 nm excited lines (YAG and He-Ne lasers).
Backscattering illumination and collection of the scattered light were carried out using an Olympus
confocal microscope (long focus Olympus ×50 objective, total magnification ×500).

 
Figure 1. The painting “Untitled” from the Lazar Vozarević Gallery, on canvas support, consists 
of two copper plates (37 × 33 cm and 37 × 22 cm) that were tinted with a dark thin coat before 
(left) and after (right) conservation and restoration treatment. Sampled locations are marked by 
numbers 1–5. Matte, blurry, and opaque areas with imprecise edges are degraded. 

Strong fluorescence was noticed with both lasers and was minimal for red excitation. The 
matter of the painting presents some characteristics that are detrimental for the efficiency of 
optical spectroscopy, namely its dark, corrugated, and porous features. For these reasons, after 
some preliminary measurements showing fast degradation of the spectrum under power levels 
higher than 1 mW with a ×50 objective, it was observed that the best spectra, with minimal 
fluorescence, were obtained at a low power of illumination, 0.05 to 0.1 mW. Three accumulations 
were made in order to eliminate eventual cosmic ray peaks. The counting times ranged between 
15 and 60 minutes, with longer times leading to a decrease in the quality of the spectra. 
Convenient examination spots were inspected by carrying out examinations on small particle 
aggregates in order to minimize localized heating. The spectral resolution was ±2 cm−1. Small 

Figure 1. The painting “Untitled” from the Lazar Vozarević Gallery, on canvas support, consists of two
copper plates (37 × 33 cm and 37 × 22 cm) that were tinted with a dark thin coat before (left) and after
(right) conservation and restoration treatment. Sampled locations are marked by numbers 1–5. Matte,
blurry, and opaque areas with imprecise edges are degraded.

Strong fluorescence was noticed with both lasers and was minimal for red excitation. The matter of
the painting presents some characteristics that are detrimental for the efficiency of optical spectroscopy,
namely its dark, corrugated, and porous features. For these reasons, after some preliminary
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measurements showing fast degradation of the spectrum under power levels higher than 1 mW
with a ×50 objective, it was observed that the best spectra, with minimal fluorescence, were obtained at
a low power of illumination, 0.05 to 0.1 mW. Three accumulations were made in order to eliminate
eventual cosmic ray peaks. The counting times ranged between 15 and 60 minutes, with longer times
leading to a decrease in the quality of the spectra. Convenient examination spots were inspected
by carrying out examinations on small particle aggregates in order to minimize localized heating.
The spectral resolution was ±2 cm−1. Small wavenumber shifts may arise from differences in heat
transfer between the illumined spot and the environment. As such, a linear baseline was subtracted.

The Discovery DX-1 USB Microscope (Veho, Southampton, UK)was used for the production of
optical photomicrographs.

The morphology and chemical composition of selected samples were identified using a JEOL
JSM-6610LV Scanning Electron Microscope connected to an X-Max Energy Dispersive Spectrometer.
The samples were set on carbon tape and covered with gold using a BALTEC-SCD-005 Sputter coating
device. The results were recorded under high vacuum conditions, an acceleration voltage of 20 kV, and
a working distance of 10 mm. Appropriate internal standards were used for the chemical analyses.
Detection limits for most elements were 0.1%.

3. Results and Discussion

Selected specimens of the painting “Untitled” were collected and analyzed by Raman spectroscopy
spot by spot on preferably monochrome areas. Representative Raman spectra recorded from the
selected samples are shown in Figure 2, Figure 3, Figure 4, Figures S1 and S2. Assignments are listed in
Table S1 [32–45]. Raman spectra assigned to Lithol red (PR 49:1) SOP, presented in Figures 2 and 4, fit
very well with the reference spectra reported by Vandenabeele et al. [21] and presented in the KIK
IRPA database [22]. Small wavenumber shifts may arise from differences in heat transfer between the
illumined spots and the environment as well as due to different laser lines (632 nm in our experiment
and 785 nm for the data reported in the KIK IRPA database). Groups belonging to SO3 show a weak
band at ca. 1170 cm−1, due to the symmetric SO2 stretch. A band at ca. 725 cm−1 can be ascribed to
the presence of a naphthalene group in the molecule. The bands at ca. 1603 cm−1 correspond to a
benzene quadrant stretch. A peak at 602 cm−1 is also present as a result of aromatic ring deformations.
In the literature, there is clear evidence of Lithol red fading due to sunlight [23]. Having this in mind,
careful attention was paid to the Raman spectra collection of Lithol red, especially to the used power
of illumination.

wavenumber shifts may arise from differences in heat transfer between the illumined spot and 
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Figure 2. Representative Raman spectra of Lithol red and BaSO4 mixture from the painting 
“Untitled” recorded on sample 3 (left) and from the KIK IRPA database (right). Different laser 
lines were used for the spectra record: 632 nm in this work and 785 nm for the KIK IRPA database. 

Figure 2. Representative Raman spectra of Lithol red and BaSO4 mixture from the painting “Untitled”
recorded on sample 3 (left) and from the KIK IRPA database (right). Different laser lines were used for
the spectra record: 632 nm in this work and 785 nm for the KIK IRPA database.
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Figure 3. Raman spectra of the grey component of sample 4 for the painting “Untitled” under 632 
nm excitation. The band at ca. 989 cm−1 belongs to BaSO4. Bands at about 1345 and 1585 cm−1 are 
ascribed to carbon black. 

 
Figure 4. Representative Raman spectra of a Lithol red, α-FeOOH, Fe2O3, and BaSO4 mixture from 
the painting “Untitled”, recorded from sample 5. The vibration at approximately 223 cm−1 
corresponds to Fe2O3. Vibrations at about 248, 303, 390, 482 and 551 cm−1 correspond to α-FeOOH 
goethite. The vibration at approximately 990 cm-1 belongs to BaSO4. Vibrations at about 340, 531, 
724, 1101, 1139 and 1208 cm−1 belongs to Lithol red (left) and from KIK IRPA database (right). 
Different laser lines were used for the spectra record; 632 nm in this work and 785 nm for the KIK 
IRPA database. 

SEM/EDS results are summarized in Figures 5 and 6 and Table 1. Coarse, angular grains of 
barium sulphate (barite) with a maximal size of approximately 40 µm can be observed in sample 
one (Figure 5a). In addition to barite, a homogeneous layer of zinc oxide in the same sample can 
also be observed (Figure 5b). The cross-section of sample two clearly shows several layers with 
different dominant phases (in dark zones—ZnO, in bright zones—barite) as well as layers in 
which these two phases are intensely mixed whereby coarse grains of barite stand out (Figure 
5c,d). The SEM/EDS analysis of sample three indicated the presence of mostly long organic fibers 
with a maximum width of up to about 50 µm (Figure 5e). Organic fibers and barite were also 
present in sample four (Figures 5f and 6a), whereas Fe-oxides/hydroxides and calcium carbonate 
(calcite) were dominant phases in sample six (Figure 6b). 

Evidently, micro Raman spectroscopy and SEM/EDS are useful for the identification of 
pigments and ground materials of the painting. However, only by micro Raman spectroscopy 
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excitation. The band at ca. 989 cm−1 belongs to BaSO4. Bands at about 1345 and 1585 cm−1 are ascribed
to carbon black.
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Figure 4. Representative Raman spectra of a Lithol red, α-FeOOH, Fe2O3, and BaSO4 mixture from the
painting “Untitled”, recorded from sample 5. The vibration at approximately 223 cm−1 corresponds
to Fe2O3. Vibrations at about 248, 303, 390, 482 and 551 cm−1 correspond to α-FeOOH goethite.
The vibration at approximately 990 cm-1 belongs to BaSO4. Vibrations at about 340, 531, 724, 1101,
1139 and 1208 cm−1 belongs to Lithol red (left) and from KIK IRPA database (right). Different laser
lines were used for the spectra record; 632 nm in this work and 785 nm for the KIK IRPA database.

SEM/EDS results are summarized in Figures 5 and 6 and Table 1. Coarse, angular grains of
barium sulphate (barite) with a maximal size of approximately 40 µm can be observed in sample one
(Figure 5a). In addition to barite, a homogeneous layer of zinc oxide in the same sample can also
be observed (Figure 5b). The cross-section of sample two clearly shows several layers with different
dominant phases (in dark zones—ZnO, in bright zones—barite) as well as layers in which these two
phases are intensely mixed whereby coarse grains of barite stand out (Figure 5c,d). The SEM/EDS
analysis of sample three indicated the presence of mostly long organic fibers with a maximum width
of up to about 50 µm (Figure 5e). Organic fibers and barite were also present in sample four (Figures
5f and 6a), whereas Fe-oxides/hydroxides and calcium carbonate (calcite) were dominant phases in
sample six (Figure 6b).
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was not identified by SEM/EDS.  

 

 
Figure 5. Scanning electron microscopy (SEM) and energy dispersive X-ray spectrometry (EDS) 
results for the painting “Untitled”: (a,b) sample 1; (c,d) sample 2; (e) sample 3; (f) sample 4. 
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results for the painting “Untitled”: (a) sample 4; (b) sample 5. 

3.1. Conservation and Restoration Treatment 

The conservation history of the painting prior to the foundation of the Gallery is unknown. 
However, the building in which the painting was stored and exhibited was a repurposed 
structure [24] before reconstruction concluded in 2017, sharing typical conservation conditions 
with other gallery and museum buildings built in the first half of the twentieth century. Being 
unmaintained and without air conditioning—with visible damage to the structure and traces of 
humidity influx, lack of insulation, and often large window areas—these buildings are 
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Figure 6. Scanning electron microscopy (SEM) and energy dispersive X-ray spectrometry (EDS) results
for the painting “Untitled”: (a) sample 4; (b) sample 5.

Evidently, micro Raman spectroscopy and SEM/EDS are useful for the identification of pigments
and ground materials of the painting. However, only by micro Raman spectroscopy was it possible to
identify Lithol red; due to poor scattering power of light elements, Lithol red was not identified by
SEM/EDS.

Conservation and Restoration Treatment

The conservation history of the painting prior to the foundation of the Gallery is unknown.
However, the building in which the painting was stored and exhibited was a repurposed structure [24]
before reconstruction concluded in 2017, sharing typical conservation conditions with other gallery and
museum buildings built in the first half of the twentieth century. Being unmaintained and without air
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conditioning—with visible damage to the structure and traces of humidity influx, lack of insulation, and
often large window areas—these buildings are characterized by sudden, drastic changes in temperature
and relative humidity (especially in the exhibition spaces), which causes damage to paintings and
results in cracking. In addition, during work on the Lazar Vozarević Gallery, the collection was stored
in documented inadequate conditions, the paintings were piled up, and the space was exposed to a
daily rise in temperature due to the presence of two windows exposed the east [25].

However, the existing damage on the painting is obviously not just a consequence of micro-climatic
conditions and, instead, seems to be the result of the techniques and materials that were used in the
case of the painting “Untitled”. This is supported by the fact that the remaining 55 paintings, which are
part of the same collection and are kept under the same conditions as the “Untitled” painting, do not
present changes detected in/on the painted layer.

Our analysis confirms the existence of highly light-sensitive, chemically unstable, and
heat-sensitive pigments, such as Lithol red, that made the painting “Untitled” specifically susceptible
to environmental conditions and mechanical damage at the level of the paint layer, including the
following: disintegration of the adhesive, weakening of the connections between different materials
during the aging process, and cracking of thick layers of different origins, etc. [23].

Consequently, the cleaning process had to be minimal and noninvasive, and cleaning of the
painting was limited to only the upper layer of the painting surface. Otherwise, using classical cleaning
solutions might have initiated further/new degradation processes of the constituting pigments, resulting
in irreversible damage to the areas of degradation. Retouching was performed with watercolor paints
and completed with pigments with ketone-based resin and selected hydrocarbon solvents1, with
retouching varnish2 between them [26]. Both retouching techniques were done in tratteggio—vertical
lines of different colors. Degraded areas on the surface of the paint layer were not retouched to avoid
compromising the integrity of the original painting layer.

Considering the underlying causes and extent of deterioration of the painting “Untitled”, which
would require exhaustive treatment to complete restoration with similar materials and techniques,
it was considered to be too invasive and hazardous. Some of the materials on the painting are toxic
(e.g., Lithol red, especially in combination with a varnish or an adhesive [27]). Toxic effects of painting
components on many modern art paintings are still under, or could be subject to further, investigation.
For example, in an extensive, well-documented, and rather expensive project that deals with the
restoration of Mark Rothko paintings by a team of leading conservation scientists and scholars at
Harvard (see, e.g., Christies site http://www.christies.com/features/Rothko-5014-1.aspx), information
about the toxic effects of painting components is lacking. It should be noted that Mark Rothko
extensively used Lithol red as well [23,28].2,3

Additionally, it is evident that after conservation and restoration, color fading is still quite visible
(see Figure 1). An alternative method was proposed to virtually restore the pristine state of the painting,
concealing the damage of the painted layer without physical intervention to the painting itself [28–30].
This would consist of creating a compensative color pattern which would match the painting’s damage
and which would be projected on the painting to disguise the damage, effectively creating an optical
illusion that the painting has been restored. Following the creation of an exact digital copy of the
painting based on spatial, geometry, and color data from the real world, it would be possible to create
a virtual retouch and project it on the painting [31].

1 It should be noted that painting on copper is an old technique that was mastered in Italy and the Low Countries during the
16th century.

2 MAIMERI® Restauro colours.
2 MAIMERI® Restauro colours.
3 J.G. VIBERT retouching varnish (LEFRANC & BOURGEOIS) with acrylic and ketone resin quick drying petroleum. Contain

the most resin with 25% dry extract after drying.

http://www.christies.com/features/Rothko-5014-1.aspx
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The Lithol red recognition on the painting “Untitled” obtained through the physicochemical
analysis presented in this paper would enable precise corrections of degraded colored textures
with chromatic changes in tonality and intensity, especially in degraded areas, and accurate virtual
restoration and reconstruction of the veritable original look.

4. Conclusions

This paper explains the importance of the identification of pigments in a very degraded painting
with copper plates, “Untitled” (1961), in the context of: making adequate decisions about the
conservation and restoration treatment, creating parameters of the environment that will allow
the painting’s preservation in the future, as well as restoring the visual value of the work and the
original artist’s idea through applying a virtual retouch. With this multidisciplinary approach and
application of analytical instrumentation, a significant national project of analysis, the conservation
and presentation of Lazar Vozarević’s artworks, an integral part of the collection of the Gallery Lazar
Vozarević, will be completed. It was shown that correlating the results of the used analytical methods
allows rather reliable identification of certain pigments, thus distinguishing Lithol red as a pigment
exclusively present amongst the components of the “Untitled” painting. The results of the study
contribute to the understanding of the causes of extensive mechanical damage to the paint layer
of “Untitled”, confirming the use of Lithol red and its properties as one of the main factors for the
painting’s deterioration.

In the last decade, an increasing number of significant easel paintings in Serbia were subject
to various physical and chemical analyses; however, Lithol red was not detected on any of them.
This pigment has not been revealed until now on the pallets of European painters, but it is commonly
found on paintings by the American painter Mark Rothko. Also, ascertained changes of color due
to exposure to light in his paintings were noticed. A review of the literature indicated that Lithol
red is not only very sensitive to light but is also chemically unstable and sensitive to heat, which
makes the painting additionally subject to environmental conditions and mechanical damage. In the
largest collection of paintings by one of the most important representatives of Yugoslav modern art,
Lazar Vozarević, only a single painting, “Untitled”, had a specific type of damage that was not present
on any other painting, despite them being kept under the same conditions. Therefore, by precisely
determining the composition of the paint layers, it was possible to examine the conservation problem
of the artwork, to discover the potential causes of the occurrence of various degradation processes in
the future, and to prevent them in a timely manner by applying appropriate measures of preventive
conservation. From the aspect of art history, this work contributes to a more accurate positioning
of Lazar Vozarević’s painting opus in the context of international artistic trends. This period, both
in Yugoslavia and abroad, is characterized by the use of non-painting materials and techniques in
the creation of paintings, and therefore, these works are more prone to decay than traditional ones.
Characterization of materials that were used to create informal paintings of the 20th century, and which
today make significant parts of collections around the world, would allow their durability in the future.

Supplementary Materials: The following are available online at http://www.mdpi.com/2571-9408/2/3/160/s1,
Figure S1: Raman spectra of white/grey part of sample 1 for the painting “Untitled” under 532 nm excitation.
Bands at ca. 330, 435, and 1154 cm−1 belong to ZnO. Bands at ca. 1345 and 1585 cm−1 are ascribed to carbon black,
Figure S2: Raman spectra of white part of sample 2 for the painting “Untitled” under 632 nm excitation. Band at
ca. 989 cm−1 belongs to BaSO4. Band at ca. 1089 cm−1 is ascribed to CaCO3, Table S1: Characteristic Raman peaks
and corresponding references used for the assignment [32–45].
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