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Abstract: This work describes the characterization of pigments and ground layers in two paintings
by the renowned Argentinian painter Antonio Berni (1905–1981). The studied paintings are “Toledo”
and “Figure” from the collection of the Provincial Museum of Fine Arts in Santa Fe (Argentina). To
approach this goal, an integrated investigation comprising in situ X-ray fluorescence measurements
by means of a portable system (pXRF), micro-Raman spectroscopy, Attenuated Total Reflection–
Fourier transform infrared spectroscopy (ATR-FTIR), and scanning electron microscopy coupled with
energy-dispersive X-ray spectroscopy (SEM–EDS) was carried out. The results revealed a chromatic
palette with inorganic pigments, such as ultramarine blue, cobalt blue, lead white, zinc white, yellow
cadmium, and hydrated chromium oxide (viridian), together with a preparation layer consisting of
a mixture of earth, lead white, and calcite in “Toledo”. On the other hand, the preparation layer in
“Figure” was characterized as lithopone, a mixture of barium sulfate and zinc sulfide. ATR-FTIR-
analysis revealed the formation of metallic soaps in both paintings due to the reaction of fatty acids
from a drying oil used as a binder with lead and zinc pigments, as confirmed by comparison with
the infrared spectra of synthetic lead and zinc soaps. This study contributes to the understanding of
Berni’s painting style and the future restoration of both artworks.

Keywords: inorganic pigments; oil paint; metal salts; pXRF; ATR-FTIR; micro-Raman spectroscopy;
SEM-EDS

1. Introduction

Antonio Berni (Rosario 1905–Buenos Aires 1981) is one of the most representative
artists of Argentine art of the 20th century and a relevant protagonist in the esthetic debates
around modernity. In 1925, he received a scholarship from the Jockey Club of Rosario
to travel to Europe, settling first in Madrid and then Paris, where he was able to get in
contact with the surrealist movement. Back in Argentina by the 1930s, he would encourage
new artistic explorations around the idea of a new realism, which was mostly identified
with the use of different and unconventional materials and techniques. Since 1935, he
represented Argentina in diverse international exhibitions, and was awarded in 1962 at the
Venice Biennial [1–4]. All these aspects prompted us to investigate the materiality in his
artworks and the development of his painting technique throughout the different artistic
phases of his life. In the first stage, we investigated the pictorial materials and supports
in two paintings that belong to the collection of the Provincial Museum of Fine Arts Rosa
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Galisteo de Rodríguez in the city of Santa Fe (Santa Fe province, Argentina). The painting
“Toledo” was painted during his stay in Europe ca. 1928, while “Figure” was painted in
1941 in Buenos Aires. Both artworks were analyzed in a non-invasive manner by portable
X-ray fluorescence spectroscopy (pXRF) so as to obtain preliminary information on the
elemental composition of the pigments and ground layers.

X-ray fluorescence (XRF) spectroscopy using portable spectrometers is successfully
used for the non-destructive and in situ analysis of major and minor elements in cul-
tural heritage objects. It allows rapid access to information on pigments in artworks [5],
the composition of metal alloys [6], and the identification of photographic materials [7],
among other applications. The ease of use of portable XRF instruments has contributed
to the application of the technique by conservators in museums and, in 2020, an excellent
workbook on portable XRF for conservators was published [8]. In addition to obtaining
elemental information on pictorial materials, this spectroscopic technique can help to select
specific areas of artwork for the extraction of micro-samples. In this way, the elemental
information obtained by a pXRF analysis of Berni’s paintings aided in the extraction of
micro-samples from different areas of “Toledo” and “Figure” that were then analyzed
by a combination of analytical techniques for the molecular identification of pigments,
grounds, and organic binders. An Attenuated Total Reflection–Fourier transform infrared
spectroscopy (ATR-FTIR) analysis allowed for the identification of inorganic and organic
components in a non–destructive way and without any preparation of the samples [9].
Scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM-
EDS) and micro-Raman spectroscopy were applied for the characterization of inorganic
pigments and ground materials in the layers of the cross-sections of the micro-samples of
both paintings.

To date, only two articles have been published on the chemical characterization of
pictorial materials in Berni’s paintings. One refers to the artwork “Chacareros” (1935), from
which micro-samples were extracted during its restoration and analyzed by SEM-EDS and
micro-Raman spectroscopy [10]. The second article comprises conservation studies and a
preliminary non-invasive XRF analysis of five paintings of the period 1957–1978 [11].

The two paintings studied in this work by the application of a combination of non-
invasive and micro-destructive techniques will allow us to expand our knowledge on the
painting materials used by Antonio Berni and address the following points:

(1) The characterization of the pigments used by Antonio Berni and its comparison to
those used by contemporary artists in Argentina.

(2) The painting technique with a focus on the ground layers.
(3) The possible degradation processes related to the interaction of pigments and organic

binders that could affect the integrity of the artworks.

2. Materials and Methods
2.1. Analytical Methods

The elemental composition of each color region in both paintings was determined by
in situ portable X-ray fluorescence analysis (pXRF) with a Bruker Tracer III-SD portable
analyzer. The spectra were registered at 40 kV of voltage and 11 µA current, with an
acquisition time of 100 s with S1PXRF (Bruker) software. The XRF data were analyzed with
Artax 7.4.0. (Bruker, Bilerica, MA, USA).

Five micro-samples were extracted with a scalpel from the borders of “Toledo” (sam-
ples TOL01, TOL02, TOL03, and TOL05) and one (TOL04) from the corner of the front of the
painting in order to minimize invasiveness. The description of their color and location in
the painting is given in Table 1. For the artwork “Figure”, one fiber with a preparation layer
(FIG01) was extracted from the border of the painting. Fragments of samples TOL04, TOL05,
and FIG01 were analyzed by ATR-FTIR without previous preparation. Cross-sections were
prepared by embedding fragments of the samples (an area of less than 1 mm2) into an
acrylic resin Subiton® (Buenos Aires, Argentina) and polished with sandpaper decreasing
in size (until 12,000 mesh) to obtain the cross-sections. Samples and their cross-sections
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were observed and photographed under a Leica MZ6 stereomicroscope equipped with an
OMAX USB A3590U camera to obtain information on the pictorial and preparation layers.

Table 1. Elemental composition of the cross-sections of “Toledo” painting samples as determined by
SEM-EDS.

Sample and Color Cross-Section Image Elemental Composition of
Each Layer 1

TOL01
(blue)
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Scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy
(SEM-EDS) analyses were carried out using an Environmental Scanning Electron Micro-
scope Quanta FEG-250 with an acceleration voltage of 15 kV. Cross-sections of the samples
were coated by sputtering with a thin layer of gold in an Edwards S150B sputter coater. Sev-
eral measurements were carried out on selected areas of the cross-sections of the samples.

The molecular composition of the materials in both paintings was obtained by Attenu-
ated Total Reflection—Fourier transform infrared spectroscopy (ATR-FTIR) analysis using
a Nicolet iS50 infrared spectrometer with a diamond single-bounce ATR accessory (Thermo
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Fisher Scientific Inc., Waltham, MA, USA). Spectra were acquired in the 4000–400 cm−1

spectral range by performing 64 scans at 4 cm−1 resolution. The spectrum of air was used as
the background. Spectral data were collected with the Omnic v9.2 (Thermo Fisher Scientific
Inc., Waltham, MA, USA) software without post-run processing. Data were processed with
Origin software version 2021 (OriginLab Corp., Northampton, MA, USA).

Raman spectroscopy measurements in the cross-sections of the samples were recorded
on a RenishawInVia spectrometer coupled to a Leica microscope DM2500M with a grating
of 1200 lines/mm. The diode laser line at 785 nm was used for excitation and focused
on the layers of the cross-sections using a 50× objective lens. The wavenumber range
of 3200–100 cm−1 was recorded in each case with a spectral resolution of 1 cm−1. The
laser power was set between 1.5 and 15 mW at the sample. Each spectrum was averaged
over 10–20 scans corresponding to a collection time of 20 s. Spectra were analyzed with
Omnic v9.0 (Thermo Fisher Scientific Inc., Waltham, MA, USA) software and processed
with Origin software version 2021 (OriginLab Corp., Northampton, MA, USA).

2.2. Synthesis of Lead and Zinc Carboxylates

Lead and zinc palmitates were synthesized according to the methods reported by
Mazzeo et al. [12]. Lead palmitate was prepared by mixing a 0.02 M solution of lead nitrate
(Pb(NO3)2) in a mixture of water:ethanol:methanol (5:5:2) (30 mL) with a 0.02 M solution
of palmitic acid in methanol (12.5 mL). The mixture was left for 10 min in an ultrasonic
bath. The crystalline solid was filtered, washed subsequently with ethanol and ether, and
dried under a vacuum. Zinc palmitate was synthesized by adding drop by drop 3 mL of
a 0.3 M aqueous solution of zinc acetate (Zn(CH3CO2)2) to a 0.2 M solution of palmitic
acid in ethanol (12 mL). The solution was heated at 50 ◦C for 3 h. The crystalline solid
was filtered, washed subsequently with ethanol and ether, and dried under a vacuum.
Lead nitrate was provided by Mays & Baker Ltd., while palmitic acid and zinc acetate
were purchased from Sigma-Aldrich. The synthesized palmitates were characterized by
ATR-FTIR by comparison to the spectra reported in the literature [12].

3. Results
3.1. “Toledo”
3.1.1. Analysis by Portable X-ray Fluorescence Spectroscopy

The artwork “Toledo” is characterized by a chromatic palette based on ocher, green,
and blue color hues. Three green (TL01, TL02, and TL03) and four blue (TL04, TL05, TL06,
and TL07) regions of the painting were investigated (Figure 1).
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The XRF spectra of the green regions (TL01, TL02, and TL03) (Figure 2) showed the
presence of lead and zinc peaks as the main elements together with chromium peaks. This
composition is consistent with the use of lead white (2PbCO3.Pb(OH)2) [13] and zinc white
(ZnO) [14], while the presence of chromium could be related to a chromium green pigment,
such as synthetic chromium oxide (Cr2O3) or viridian (Cr2O3.2H2O) [15]. Regions TL02
and TL03 revealed a higher content of chromium compared to TL01 together with a low
content of iron that could be related to the use of Prussian blue to obtain a green-bluish
hue, especially in region TL03, or the ground of the painting.
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The XRF spectra of the four blue color regions (TL04, TL05, TL06, and TL07) (Figure 2)
revealed, similar to the green areas, the predominance of lead and zinc peaks. The cobalt
peak was detected in the four zones and could be ascribed to cobalt blue, a synthetic mixed
oxide of cobalt and aluminum oxide (CoO.Al2O3) [16]. Regions TL04, TL05, and TL06 also
showed the presence of chromium that could be related to the use of chromium green in a
layer beneath or close to the blue brushstrokes. As for the green regions, iron was detected
in the blue zones and could be ascribed to Prussian blue or the ground of the artwork.

Based on the results obtained by pXRF, five micro-samples were extracted from the
painting, four from the borders (TOL01, TOL02, TOL03, and TOL05) and one from the front
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(TOL04) (Figure 3), in order to characterize the painting palette, the pictorial technique,
and eventual deterioration patterns.
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Figure 3. Locations of the micro-samples extracted from the “Toledo” (ca.1928) painting.

3.1.2. Analysis of Micro-Samples by SEM-EDS and Micro-Raman Spectroscopy

Table 1 shows the cross-section images of the five samples. With the exception of
sample TOL04, the one extracted from the front of the painting, the other four samples
depict one, two, or three pictorial layers and a brownish ground layer. Sample TOL02 also
shows the fibers of the canvas in the cross-section.
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Ground Layer

The elemental composition of the ground layer, as determined by SEM-EDS in samples
TOL01, TOL02, TOL03, and TOL05 (Table 1), revealed the presence of lead, calcium, silicon,
and iron as major elements together with minor amounts of potassium, aluminum, sodium,
and magnesium. The presence of iron in combination with silicon, aluminum, sodium, and
magnesium is characteristic of iron earth, which has traditionally been used as a pigment
and for the preparation of colored grounds [17].

The Raman spectra of the ground layer in the four samples showed characteristic
bands for hematite (α-Fe2O3) at 225, 292, 410, and 611 cm−1 [18] in accordance with the
presence of this chromophore in red earth, together with a carbonate stretching band at
1050 cm−1, which is typical of lead white (2PbCO3.Pb(OH)2), and a characteristic band of
calcite (CaCO3) at 1086 cm−1 [19]. Figure 4a shows the Raman spectrum of the ground
layer in sample TLO01.
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Pigment Identification

SEM-EDS analysis of the upper blue layer in the cross-section of sample TOL01 (Table 1)
indicated the presence of cobalt, together with aluminum, silicon, lead, and zinc, as major
elements. The presence of cobalt could be assigned to cobalt blue, a synthetic pigment
composed of cobalt oxide and aluminum oxide with the stoichiometry CoO.Al2O3 [16].
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A micro-Raman spectroscopy analysis of the blue layer of TOL01 revealed peaks at 364
and 548 cm−1, which are characteristic of ultramarine blue [19], and a peak at 1050 cm−1

assigned to lead white (Figure 4b). No Raman peaks ascribed to cobalt blue or zinc oxide
have been detected. According to the literature, cobalt blue could only be characterized
in fresco and casein tempera models by Raman with excitation at 531.5 nm, while laser
radiations at 630, 780, and 1064 nm gave no peaks [20,21]. These results can explain the
absence of Raman peaks for this pigment in the sample. Nevertheless, the non-invasive
identification of cobalt by pXRF analysis in the four regions of the painting (TL04, TL05,
TL06, and TL07) and SEM-EDS results in the blue layers of the cross-sections of samples
TOL01 and TOL04 pointed to the use of this blue pigment in the painting. Similar to
sample TOL01, peaks at 548 cm−1 for ultramarine and 1050 cm−1 for lead white were
identified in the blue layers of samples TOL02 and TOL04 (data not shown). We presume
the use of artificial ultramarine blue according to the date of the painting. Since the 19th
century, ultramarine was manufactured in France and Germany and became a common
pigment used by impressionists and post-impressionists [22]. In the same way, similar to
cobalt blue, zinc oxide could not be identified by micro-Raman spectroscopy at 785 nm.
This is coincidental with the results of Burrafato et al. [20], who obtained Raman spectra
for zinc oxide only when using laser radiations at 532 and 633 nm. Nevertheless, the
infrared spectrum of sample TOL04 (Figure 5a) clearly showed a strong band in the range
600–400 cm−1 that was assigned to the Zn–O vibration in zinc oxide by comparison to the
infrared spectrum of ZnO purchased from Cornelissen (Figure 5b). The spectrum of TOL04
also revealed characteristic bands of oil as binders. The broad band centered at 3365 cm−1

was assigned to the O–H stretching vibration typical of oxidation products of oil together
with bands at 2919 and 2850 cm−1, which were characteristic of C–H vibrations of methyl
and methylene groups [23]. Two weak bands at 1735 and 1706 cm−1 were associated with
the stretching vibration of the carbonyl groups. The band at 1735 cm−1 was assigned to
the ester group in acylglycerides, while the band at 1706 cm−1 was typical of the carboxyl
group in free fatty acids produced by hydrolysis of the ester groups. On the other hand, the
strong band at 1535 cm−1 suggested the formation of metal soaps by the interaction of the
oil with pigments, such as lead white and zinc oxide [12]. In order to confirm the presence
of metal soaps in the sample, we synthesized lead and zinc palmitates as references. The
infrared spectra of both metal salts differed in the number and position of the carboxylate
bands. Lead palmitate showed one sharp band at 1512 cm−1 together with a weaker and
partially overlapped band at 1538 cm−1 (Figure 5c), while zinc palmitate revealed only
one band at 1535 cm−1 (Figure 5d) [12]. By comparing the infrared spectrum of TOL04
(Figure 5a) with lead and zinc palmitates, we observed a coincidence of the carbonyl peak
at 1535 cm−1 in TOL04 with zinc palmitate. These results confirmed the presence of zinc
soaps in the sample.

The two green samples (TOL03 and TOL05) showed different shades. TOL03 is olive
green while TOL05 depicts an intense and bright green color. Both samples revealed the
presence of chromium, cadmium, lead, and zinc as major elements by SEM-EDS analyses
(Table 1). A micro-Raman spectroscopy analysis of the green layers in the cross-sections of
both samples (Figure 4c,d) indicated bands at 304 and 605 cm−1, which are characteristic
of cadmium yellow (CdS) [24], and a band at 487 cm−1 of hydrated chromium oxide
(Cr2O3.2H2O), known as viridian [19]. The differences in shades in both green samples
might be related to the amount of viridian used in combination with cadmium yellow.
In fact, sample TOL03 contains chromium as a minor element in comparison to TOL05
(Table 1). The infrared spectrum of TOL05 (Figure 5e) showed bands at 3533, 1395, 1048,
and 679 ascribed to lead white [25], together with a well-defined band at 1538 cm−1 that
was assigned to the carboxylate vibration of a zinc salt. The band at 1738 cm−1 of a carbonyl
ester group is weak in comparison to the carboxylate band. This reflects the degradation of
the oil by the formation of metal soaps in the presence of lead and zinc white.
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Cross-sections of samples TOL01, TOL04, and TOL05 showed a white layer beneath the
blue and green pictorial layers. The white layers contain lead and zinc as major elements,
as determined by SEM-EDS, while micro-Raman spectroscopy indicated the presence of
lead white by bands at 410 and 1050 cm−1. Zinc white could not be detected by this
spectroscopic technique using a laser radiation of 785 nm but its presence in samples TOL04
and TOL05 was confirmed by ATR-FTIR, as described before.

3.2. “Figure”
3.2.1. Analysis by Portable X-ray Fluorescence Spectroscopy

Nine regions from the painting (FG01–FG09) were non-invasively analyzed by pXRF
(Figure 6).

All the XRF spectra of the painting (Figure 7) showed the presence of zinc and lead
peaks as the main elements in accordance with the use of zinc white (ZnO) and lead white
(2PbCO3.Pb(OH)2). The green region (FG01) revealed the presence of chromium, which
could be related to viridian, a synthetic hydrated chromium oxide (Cr2O3.2H2O) with a
brilliant green hue [15]. For the light blue color of the iris of the eye (FG02), cobalt and
chromium peaks indicated the use of cobalt blue in combination with green chromium
oxide to obtain a blue-greenish hue. The identification of minor barium and sulfur peaks
could be related to the presence of barium sulfate, a white compound used as filler or in
combination with ZnS in lithopone [26].
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Figure 6. “Figure” (1941) and analyzed points by pXRF.

With regard to the flesh tone of the arm (FG03), the spectrum indicated chromium,
iron, and lead peaks together with an intense zinc peak. The presence of iron could be
related to the use of iron oxide, such as yellow ochre (Fe2O3.nH2O) and/or red ochre
(Fe2O3), in combination with lead and zinc white pigments. The identification of chromium
may be ascribed to viridian from the layer beneath or to the mixture with chrome yellow
(PbCrO4 or PbCrO4.PbSO4) or chrome orange (PbCrO4.Pb(OH)2) to achieve a specific hue
of the flesh.

For the red of the lower lip (FG04), the detection of cadmium and selenium indicated
cadmium sulfoselenide, a red synthetic pigment prepared from alkaline sulfides and
selenides [27]. This pigment was also identified in the cheek of the woman (FG05) together
with iron, presumably from an earth pigment, to obtain the desired flesh tone. The use of
cadmium red has already been reported in Berni’s painting “Chacareros” [10]. In the border
of the blouse sleeve (FG06), the detection of an intense Zn peak together with lead indicated
the use of zinc and lead whites. Concerning the background (FG07), the spectrum revealed
peaks of chromium and iron together with major peaks of zinc and lead. This composition
suggested the use of green and ocher pigments to accomplish a green-yellowish hue. For
the black hair with grey details (FG08), the spectrum revealed iron, together with zinc and
lead as major peaks. Iron could be ascribed to iron oxide (Fe3O4) and was responsible
for the black color, but the use of a carbon-based pigment could not be discarded. The
detection of calcium with higher intensity as in the other regions of the painting could
indicate charcoal [28]. Finally, the spectrum of the brown region of the skirt (FG09) revealed
iron, lead, and chromium peaks together with an intense zinc peak. Iron may be related to
an earth pigment while chromium may be ascribed to chrome orange (PbCrO4.Pb(OH)2).
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3.2.2. Analysis of the Preparation Layer of the Painting by SEM-EDS, ATR-FTIR, and
Micro-Raman Spectroscopy

The detection of barium and sulfur, together with major amounts of zinc in several
regions of the painting, prompted us to investigate if lithopone (ZnS + BaSO4) had been
used as a preparatory layer. Therefore, a sample (FIG01) was extracted from a fiber of the
border of the painting (Figure 8a) and divided into two. One portion was included in a
resin to obtain the cross-section and analyzed by SEM-EDS and micro-Raman spectroscopy.
The other portion of the sample was analyzed with ATR-FTIR.

SEM-EDS analysis of the white region (1) of the cross-section of the sample (Figure 8b)
indicated the presence of zinc, sulfur, and barium as major elements, together with low
amounts of silicon. Mapping analysis of the four elements showed an even distribution
for major barium, sulfur, and zinc (Figure 8c) compatible with lithopone, a mixture of
BaSO4 and ZnO, or a mixture of lithopone and ZnO. In order to determine the presence of
lithopone, the cross-section of FIG01 was analyzed by Raman microscopy. The spectrum
(Figure 9a) showed a band at 347 cm−1 that was assigned to zinc sulfide, while bands
at 450, 458, 615, 644, and 986 cm−1 were ascribed to barium sulfate, in accordance with
lithopone [18].



Minerals 2023, 13, 919 12 of 15

Minerals 2023, 13, x FOR PEER REVIEW 13 of 16 
 

 

and was responsible for the black color, but the use of a carbon-based pigment could not 
be discarded. The detection of calcium with higher intensity as in the other regions of the 
painting could indicate charcoal [28]. Finally, the spectrum of the brown region of the skirt 
(FG09) revealed iron, lead, and chromium peaks together with an intense zinc peak. Iron 
may be related to an earth pigment while chromium may be ascribed to chrome orange 
(PbCrO4.Pb(OH)2). 

3.2.2. Analysis of the Preparation Layer of the Painting by SEM-EDS, ATR-FTIR, and  
Micro-Raman Spectroscopy 

The detection of barium and sulfur, together with major amounts of zinc in several 
regions of the painting, prompted us to investigate if lithopone (ZnS + BaSO4) had been 
used as a preparatory layer. Therefore, a sample (FIG01) was extracted from a fiber of the 
border of the painting (Figure 8a) and divided into two. One portion was included in a 
resin to obtain the cross-section and analyzed by SEM-EDS and micro-Raman spectros-
copy. The other portion of the sample was analyzed with ATR-FTIR. 

 
Figure 8. (a) Location of the sample extracted from a fiber of the border of the “Figure” (1941) paint-
ing, (b) cross-section of sample FG01, and (c) SEM-EDS mapping analysis of FIG01. 

SEM-EDS analysis of the white region (1) of the cross-section of the sample (Figure 
8b) indicated the presence of zinc, sulfur, and barium as major elements, together with 
low amounts of silicon. Mapping analysis of the four elements showed an even distribu-
tion for major barium, sulfur, and zinc (Figure 8c) compatible with lithopone, a mixture 
of BaSO4 and ZnO, or a mixture of lithopone and ZnO. In order to determine the presence 
of lithopone, the cross-section of FIG01 was analyzed by Raman microscopy. The spec-
trum (Figure 9a) showed a band at 347 cm−1 that was assigned to zinc sulfide, while bands 

Figure 8. (a) Location of the sample extracted from a fiber of the border of the “Figure” (1941)
painting, (b) cross-section of sample FG01, and (c) SEM-EDS mapping analysis of FIG01.

Minerals 2023, 13, x FOR PEER REVIEW 14 of 16 
 

 

at 450, 458, 615, 644, and 986 cm−1 were ascribed to barium sulfate, in accordance with 
lithopone [18]. 

 
Figure 9. (a) Raman spectrum of the white layer in the cross-section of sample FIG01 and (b) infrared 
spectrum of sample FIG01. 

Non-destructive ATR-FTIR analysis of a portion of the sample (Figure 9b) revealed 
characteristic bands of BaSO4 at 1170, 1062, 982, 636, and 605 cm−1 [26], as well as a strong 
band between 600 and 400 cm−1 that was assigned to ZnO. The identification of zinc white 
by infrared analysis was in accordance with the distribution of zinc in the SEM-EDS map-
ping of the cross-section of the sample. These results were consistent with the use of a 
mixture of lithopone and zinc oxide as the ground layer. The infrared spectrum also 
showed bands at 2919, 2850, and 1740 cm−1, typical of oil as a binder. Similar to Toledo 
painting, the low intensity of the carbonyl band at 1740 cm−1 and the presence of a band at 
1541 cm−1 ascribed to a zinc salt were indicative of the degradation of the oil binder by the 
formation of zinc salts. 

4. Discussion 
The pigments characterized in the “Toledo” and “Figure” paintings revealed a re-

stricted chromatic palette based on the use of inorganic pigments and their mixtures to 
obtain different color shades. Cobalt blue and synthetic ultramarine blue were Berni�s 
choice for the blues while viridian, the hydrated chromium oxide, was the green pigment 
characterized in both paintings. In “Toledo”, viridian was identified together with cad-
mium yellow, which reflects the intention of the artist to achieve different green shades. 
For the reds, synthetic cadmium sulfoselenide was identified in “Figure”. These pigments 
have also been reported for Berni�s painting “Chacareros” (1935) [10] and in paintings of 
Argentinian artists contemporary to Berni, such as Pío Collivadino (1869–1945) [24] and 
Benito Quinquela Martín (1890–1977) [29]. This indicates that these pigments were avail-
able from local art suppliers in Buenos Aires while synthetic organic pigments, such as 
blue and green phthalocyanines, were still not marketed in Argentina. 

Lead and zinc whites were also characterized in the pictorial layers in both paintings. 
Titanium whites were not commercialized at that time in Argentina and in Europe; they 
were available by the end of 1930. As revealed in some of the cross-sections of “Toledo”, 
Berni not only used zinc white as a pigment but as a preparation layer onto the earth 
ground, possibly to highlight the color of the painting layers. Zinc oxide mixed with gyp-
sum has been detected as a ground in “Chacareros” [10], while in “Figure”, we character-
ized the use of lithopone and zinc oxide as a preparation layer. Based on the identification 
of sulfur, barium, and zinc by XRF analysis, Bondía Fernández et al. [11] suggested the 
use of a thick layer of lithopone in Berni�s painting “La Casa del Sastre” (1957), 

Figure 9. (a) Raman spectrum of the white layer in the cross-section of sample FIG01 and (b) infrared
spectrum of sample FIG01.

Non-destructive ATR-FTIR analysis of a portion of the sample (Figure 9b) revealed
characteristic bands of BaSO4 at 1170, 1062, 982, 636, and 605 cm−1 [26], as well as a strong
band between 600 and 400 cm−1 that was assigned to ZnO. The identification of zinc
white by infrared analysis was in accordance with the distribution of zinc in the SEM-EDS
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mapping of the cross-section of the sample. These results were consistent with the use
of a mixture of lithopone and zinc oxide as the ground layer. The infrared spectrum also
showed bands at 2919, 2850, and 1740 cm−1, typical of oil as a binder. Similar to Toledo
painting, the low intensity of the carbonyl band at 1740 cm−1 and the presence of a band at
1541 cm−1 ascribed to a zinc salt were indicative of the degradation of the oil binder by the
formation of zinc salts.

4. Discussion

The pigments characterized in the “Toledo” and “Figure” paintings revealed a re-
stricted chromatic palette based on the use of inorganic pigments and their mixtures to
obtain different color shades. Cobalt blue and synthetic ultramarine blue were Berni’s
choice for the blues while viridian, the hydrated chromium oxide, was the green pigment
characterized in both paintings. In “Toledo”, viridian was identified together with cad-
mium yellow, which reflects the intention of the artist to achieve different green shades.
For the reds, synthetic cadmium sulfoselenide was identified in “Figure”. These pigments
have also been reported for Berni’s painting “Chacareros” (1935) [10] and in paintings
of Argentinian artists contemporary to Berni, such as Pío Collivadino (1869–1945) [24]
and Benito Quinquela Martín (1890–1977) [29]. This indicates that these pigments were
available from local art suppliers in Buenos Aires while synthetic organic pigments, such
as blue and green phthalocyanines, were still not marketed in Argentina.

Lead and zinc whites were also characterized in the pictorial layers in both paintings.
Titanium whites were not commercialized at that time in Argentina and in Europe; they
were available by the end of 1930. As revealed in some of the cross-sections of “Toledo”,
Berni not only used zinc white as a pigment but as a preparation layer onto the earth ground,
possibly to highlight the color of the painting layers. Zinc oxide mixed with gypsum has
been detected as a ground in “Chacareros” [10], while in “Figure”, we characterized the
use of lithopone and zinc oxide as a preparation layer. Based on the identification of sulfur,
barium, and zinc by XRF analysis, Bondía Fernández et al. [11] suggested the use of a thick
layer of lithopone in Berni’s painting “La Casa del Sastre” (1957), presumably as a strategy
to economize the painting materials. The identification of zinc oxide as a pigment and
preparation layer in the paintings studied so far poses a risk for the structural stability and
appearance of these oil artworks due to the formation of zinc soaps that can lead to surface
efflorescence and delamination of the paintings [30].

The identification of zinc salts in samples from the “Toledo” and “Figure” artworks
is the first report on their presence in Berni’s paintings. This information is essential to
address appropriate conservation strategies and improve environmental conditions for
their exhibition and storage. This finding enables us to continue studying Berni’s paintings
from other periods of his career by focusing on the materials he used, particularly the use
of zinc white.
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