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Abstract: A multi-analytical approach has been employed to investigate the painting Natura Morta
(1954–1955) by Andreina Rosa (1924–2019) to assess the state of conservation and to understand
more about the painting materials and techniques of this artwork, which was recently donated by the
painter’s heirs to the International Gallery of Modern Art Ca’ Pesaro (Venice-Italy). A comprehensive
and systematic diagnostic campaign was carried out, mainly adopting non-invasive imaging and
spectroscopic methods, such as technical photography, optical microscopy, Hyperspectral Imaging
Spectroscopy (HIS), fiber optics reflectance spectroscopy (FORS), External Reflectance Fourier Trans-
form Infrared (ER-FTIR), and Raman spectroscopies. Microsamples, collected from the edges of the
canvas in areas partially detached, were studied by Attenuated Total Reflection Fourier Transform In-
frared (ATR-FTIR) spectroscopy and Gas Chromatography-Mass Spectrometry (GC-MS). By crossing
the information gained, it was possible to make inferences about the composition of the groundings
and the painted layers, the state of conservation of the artwork, and the presence of degradation
phenomena. Hence, the present study may be of interest for conservation purposes as well as for
enhancing the artistic activity of Andreina Rosa. The final aim was to provide useful information for
the Gallery which recently included this painting in its permanent collection.

Keywords: Andreina Rosa; heritage science; modern oil painting; conservation; oxalates; GC-MS;
Hyperspectral Imaging Spectroscopy; FORS; ER-FTIR; degradation

1. Introduction

Andreina Rosa (1924–2019), daughter of a goldsmith and sculptor, was a renowned
Venetian artist, who, besides painting, also experimented with decorative and applied arts
such as mosaics and lacquers. Combining artistic practice with teaching, she took part
in prestigious art competitions and exhibitions, such as the Quadriennale in Rome and
the Art Biennale in Venice, where she was present in all the editions between 1950 and
1970s [1,2]. After her death in 2019, some of her artworks, stored in the heirs’ households,
were donated to the International Gallery of Modern Art Ca’ Pesaro in Venice (Italy), which
is part of the Fondazione Musei Civici (MUVE). After arriving at the museum in 2020, they
were catalogued and became part of the permanent collection. In the framework of the
research agreement between MUVE and the research group of “Heritage and Conservation
Science” at the Ca’ Foscari University of Venice, seven paintings were entrusted to the
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heritage scientists for a diagnostic study in the timeframe between March and May 2021. In
the present work, the research on one emblematic painting by Andreina Rosa is discussed.

The artwork under investigation is titled Natura Morta, was painted around 1954–1955,
and is provisionally catalogued as an oil painting. The major goals of the technical study
consisted in deepening the knowledge about the state of conservation, the composition of
the painted layers, and the painting technique by using a multi-analytical approach. The
choice of Natura Morta has been dictated by the worse condition in which the work was com-
pared to the other six paintings and therefore studied in a deeper way to better understand
the problems highlighted (see Section 3.1, State of conservation and degradation phenomena).

Investigations on contemporary artworks may be quite challenging as painters started
using rather complex commercial paint formulations or experimenting by mixing even
products that were not intended for artistic purposes [3–9]. In the last decade, several
studies have underlined a possible correlation among paint compositions and degradation
phenomena observed in oil paintings (such as binder separation, exudations, extensive
craquelures, water, and solvent sensitivity, etc.) [9–14]. Thus, the importance of widening
the knowledge of commercial painting materials and understanding the behaviour over
time of the resulting painting systems is evident.

In this work, next to direct visual observations, macro- and micro- observations were
performed with the help of technical photography and microscopes, while a compositional
study was developed by employing various spectroscopic techniques. In order to preserve
the integrity of the painting, mainly non-invasive spectroscopic techniques were employed
using portable instruments. These were Hyperspectral Imaging Spectroscopy (HIS), Fiber
Optics Reflectance Spectroscopy (FORS), External Reflectance Fourier Transform Infrared
(ER-FTIR), and Raman spectroscopies.

The painting, in fact, was crossed by widespread and extensive cracks and the ma-
nipulation of the artwork itself required careful attention in order not to risk the loss of
micro-fragments of the pictorial layers. Where, however, such paint falls were unavoidable
(especially from the edges), the collected micro-fragments were studied through destruc-
tive analyses, such as Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR)
spectroscopy and Gas Chromatography-Mass Spectrometry (GC-MS).

The combination of all these techniques was the basis for developing the present
multi-analytical study: a fruitful discussion of the results obtained may both implement
the knowledge on Andreina Rosa’s painting and allow us to draw useful conclusions for
the conservation and musealization of the work of art.

2. Materials and Methods
2.1. Macro- and Micro-Observation

The very first investigation to be made on the painting consisted of direct visual
observation: a fundamental step to observe and report every detail that might not be
evident at first glance.

2.1.1. Technical Photography

Being completely non-invasive, investigations through technical photography have
been performed as one of the first analyses on the painting. Photographs in the visible
range and with IR filters were taken outdoors during the daytime. Three high-pass filters—at
720, 850, and 950 nm—were used for IR reflectography. For UV-induced fluorescence,
transillumination, and raking light images acquisitions, the painting was placed in a dark
room in order to illuminate it just with the radiation of the proper type and direction.
The employed UV sources were purchased from MADAtec Srl (Italy) and had a power
output of ca. 3 W and the emission peak at 365 nm. A Nikon D5600 was used for all the
acquisitions except for IR technical photography. For the latter a Samsung NX3300 camera
(modified by MADAtec Srl) was employed, equipped with Hoya filters.
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2.1.2. Optical Microscopy

Microscopic observations on the canvas were carried out using a DINO-lite digital
microscope, both using visible and UV illumination. The acquired images have been
processed with DinoCapture 2.0 software, and the instrument was calibrated before each
usage, for a 55x magnification. Micro-samples detached from the painting were observed
magnified with the help of an Optika microscope, equipped with two kinds of high-pass
filters at 505 nm and 535 nm (visible in Appendix A, Figure A1).

The canvas fibers were identified by means of an optical transmission microscope
by Optika.

2.2. Spectroscopic Analyses

Different spectroscopic techniques have been used for questioning the composition
of the painted and the preparation layers. Areas with quite homogeneous colors were
selected for the identification of the pigments and are described in Figure 1.
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Figure 1. Areas analyzed with the different spectroscopic techniques for the study of the painted
layers. To each of them, an optical 55× magnification image is associated together with the assigned
name. In these, the numbers have no function other than distinguishing the areas.

Hyperspectral imaging was performed with a portable Hyperspectral Camera Specim
IQ, which collected images and reflectance spectra of the whole artwork and some details
in the spectral range from 400 to 1000 nm. Data were elaborated with Specim IQ studio
software, which allows the creation of masks to highlight areas with similar spectral
features based upon the variance of the spectra collected (pi value). This way, the portions
of the painting containing presumably the same pigments can be recognized thanks to the
false color image overlapped with the visible picture.

FORS analyses were performed on all the fifteen areas shown in the map of Figure 1
using an ASD FieldSpec 4 Standard—Res Spectroradiometer equipped with three detectors,
working in the range between 350 and 2500 nm (resolution of 3 nm in the Vis-Near IR
range 350–1000 nm, 8 nm in the SWIR 1000–1800, and 1800–2500 nm) and endowed with
a contact probe with an inner halogen light source collecting light scattered at 45◦ and
a spot size of 1.2 cm2. The spectra were obtained as average of three acquisitions. For
data elaboration, ViewSpec Pro software and Origin 8.5 were employed. Identification of
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pigments was based on the CNR-IFAC database [15], the comparison with spectral data
from US geological service [16], and specific literature [17–19].

A Bruker ALPHA II Fourier Transform IR Spectrometer was used for External-
Reflection (ER-FTIR) and ATR-FTIR analysis. ER-FTIR analyses were performed using
an aperture of 6 mm and a 3 min of acquisition time. These measurements allowed for
the registration of spectra in the range 7500 ÷ 350 cm−1, which comprises wavenumbers
where combination bands and overtones are present. Blue 1, Yellow 7, Brown 10, White 11,
and Grey 12 could not be analyzed through this technique due to practical constraints in
the measurement settings. ATR-FTIR analysis were recorded in the spectral range from
4000 to 350 cm−1, using a synthetic diamond crystal for the compression of the samples.
The background was measured with 24 scans before each acquisition, while samples were
investigated using 128 scans, 4 cm−1 resolution.

Raman spectra were collected with a Bravo portable Raman spectrometer by Bruker
Optics, characterized by a dual laser excitation (two lasers at 758 and 852 nm working
simultaneously). The Ramanspectra were collected in the 3200–300 cm−1 spectral range
between, with 10 cm−1 resolution, scan time from 1 s to 60 s. Measurements were carried
out on all the colors considered with the other spectroscopic techniques, except from
Grey 12, since, based on the results already obtained, such hue was determined to be
probably a mixture of pigments present in other analyzed areas.

OPUS software managed the acquisition and elaboration of IR and Raman spectra.
The data were further elaborated with Origin 8.5.

2.3. Gas Chromatography/Mass Spectrometry (GC/MS)

Gas Chromatography-Mass Spectrometry (GC-MS) analysis was performed on micro-
samples from detached areas to elucidate the nature of the lipidic binding media.

For each sample, a mass of ca. 0.10 mg was treated with 30 uL of m(trifluoromethylphenyl)
trimethylammonium hydroxide, 2.5% in methanol, overnight reaction at room temperature,
as described in [3,5,20–23]. Then, 1 uL of each derivatized sample was automatically
injected by an AS1310 autosampler (Thermoscientific) in a Trace GC 1300 system equipped
with a MS detector ISQ 7000 with a quadrupole analyzer (Thermoscientific). The GC
separation was performed on a chemically bonded fused silica capillary DB–5MS Column
(30 m length, 0.25 mm, 0.25 um—5% phenyl methyl polysiloxane), using helium as the
carrier gas (flow rate 1 mL/min). The inlet temperature was 280 ◦C, and the MS interface
was at 280 ◦C. The transfer line was at 280 ◦C and the MS source temperature was 300 ◦C.
The temperature program ranged from 50 (held 2 min) to 320 ◦C (held 5 min) with a ramp
of 10 ◦C/min. The MS was run in full scan mode (m/z 40–650), 1.9 scans/s. Electron
ionization energy was 70 eV.

The identification of the compounds was done by comparison with the NIST and MS
Search 1.7 libraries of mass spectra and a library created by the authors.

Quantitative analysis was achieved using nonadecanoic acid as the internal standard
and a standard solution containing saturated and unsaturated fatty acids and glycerol. The
molar ratios among the most important fatty acids were calculated: A/P (azelaic to palmitic
acid ratio), to provide information on the degree of oxidation of oil; P/S (palmitic to stearic
acid ratio) is commonly used to suggest the type of drying oils; O/S (oleic to stearic acid
ratio) may indicate the maturity of oils (i.e., the amount of remaining unsaturated fatty
acids) [24–27].

3. Results
3.1. State of Conservation and Degradation Phenomena

By observing the painting Natura Morta, it can be noticed that the depictions continue
along the sides and the borders of the canvas present signs of raveling: such evidence
suggests that originally the artwork was larger and was subsequently redimensioned on
the present stretchers.
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The support on which the canvas is fixed is probably handmade, as the wooden
stretchers appear rather rough and uneven: there are knots in the wood and several signs
of manipulation can be seen. The presence of a manufacturer’s name label and some
remnants of what may have been a price tag support this hypothesis.

The fixing was done with nails and was reinforced with glue on the upper edge (see
Figure A2 in Appendix B). Observing with the help of a UV light, traces of glue were also
present on the edges of the painting (resulting in a greenish fluorescence), probably traces
of the adhesive used for lining the artwork. A piece of paper, in fact, was found under a pin
attached to the top edge and was covered by an adhesive material on the side that faced
the painting. The lining was likely torn, resulting in widespread losses on the edges. Based
on the analysis performed, it is still unclear whether the adhesives used for the mentioned
purposes coincide or differ.

The Raman spectrum obtained for the glue present on the upper edge was character-
ized by a sharp and strong peak at 2938 cm−1: this is attributed to the C-H stretching mode
and, together with the C=O stretching signal at 1736 cm−1, could suggest the presence of
polyvinyl acetate-based glue [28]. Based on the ATR-FTIR results for the adhesive remnants
on the piece of paper, instead, it could be hypothesized that an aged synthetic rubber glue
was present. Characteristic signals were detected at 1713 cm−1 (υ C=O), 1448 cm−1 and
1399 cm−1 (CH2 and CH3), in the region around 1100–1000 cm−1 (C-O-C ether group) and
at 744 cm−1 and 700 cm−1 (aromatic groups) [29].

The cutting out and transfer to the new wooden support of the canvas severely
compromised the mechanical stability and is probably the main cause of the formation
of cracks. These are diffused both along the edges of the painting, where the canvas has
been folded (Figure 2a), and in correspondence with the points of pinning of the nails.
Here, the elongated pattern of the cracks seems to follow the axes of mechanical tension
(Figure 2b). An extensive craquelure that crosses the entire painting on its left side can also
be attributed to the stretching of the work in its adaptation on the new support, since its
shape corresponds to the undulation of the underlying canvas.
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The warp of the canvas is evidently distorted, due to the fixing with nails on opposite
edges, so the cracks have preferentially formed along the threads that have been most
stretched in that process, as is the case of the one evidenced with the blue dashed line
in Figure 2. Not only are the cracks present because of the traumatic event mentioned,
but they also arise diffusely on the painting because of other complex dynamics among
the artwork’s materials and the surrounding environment. In particular, fluctuations in
humidity and temperature and the resulting movements of different compounds in the
paints likely played a role. As has been observed by Fuster-López et al. on a series of
Picasso paintings [30,31], a strong mechanical stress arises when the two opposing forces—of
swelling of the hygroscopic materials on the one hand and of confining the space through
the limits of the support on the other—collide.

In Natura Morta several moisture-sensitive materials are present: animal glue and
gypsum in the preparation layer, as well as the wooden support and the canvas fabric.
The canvas is made of cotton, identified by the characteristic smooth and twisted shape
of the fibers (Figure 3a), and therefore highly hygroscopic [32,33]. Mechanical stresses
emerged from the opposition of a contrasting force to such movements given by both the
anchorage on the support and the tightly woven canvas: the covering factor resulted to be
ca. 75% (Figure 3b) [32–36]. As a result, craquelures formed widely over the painting as an
intricate network extending in all directions. While only a limited portion of them could be
seen by direct visual observation, using transillumination it was possible to highlight their
copiousness throughout the surface (Figure 2c). The changes in environmental conditions,
to which the artwork was probably exposed during its conservation in the houses of Rosa’s
heirs, also affected the painting on a larger scale by determining a loosening of the canvas:
it bent at the edges of the stretchers so that craquelures formed along the wooden bars.
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Figure 3. (a) Optical-microscopy photograph of the fiber of the canvas observed with transmitted
light; (b) microscopy photograph of the woven canvas (back of the painting) taken with DINO light
with UV light and a 55× magnification.

Some cracks were also observed in isolated or precisely spatially confined parts
and were probably not associated with mechanical stress, but with some brushstrokes
(Figure 2d). They were likely caused by the different drying rates for the distinct painted
areas. Differential drying of the brushstrokes, due to thickness or level of paint dilution,
resulted in a very complex and heterogeneous morphology on the studied work, with
protuberances and depressions for the distinct painted areas. This is dramatically apprecia-
ble when observing the front of the artwork with raking light but is also noticeable when
considering the back side (Figure 2).

Other isolated cracks were observed in an area where the painted layer was fairly
homogeneous. These have a rounded pattern (Figure 2e) and probably originated due
to local impacts of past manipulations [31]. Overall, several craquelures unfolded on the
painting, furrowing both the ground and the painted layers, thus constituting an obvious
and widespread phenomenon of degradation. This eventually led to the detachment of
fragments in some cases, leaving the bare canvas visible.

Therefore, special care must be taken when handling this artwork so as not to expo-
nentially increase the number of lacunae.
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In addition to cracks from local impacts, evidence of careless handling of the painting
is provided by the presence of two small holes on the left side of the artwork that perforate
both the painted and ground layers (Figure 4a,b).
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Figure 4. Microscopy photographs taken with Dino-lite instrumentation on (a) a small hole, (b) concavity, (c) stains from
biological degradation, and (d) dust deposited on the folds of a thick brushstroke detected on the artwork.

The artwork is probably affected by a biological form of degradation, as small brown
stains widely distributed over the painted surface were detected (Figure 4c). Dust and
dirt naturally settled on the surface, particularly at the folds of the thick brushstrokes
(Figure 4d). As with most twentieth-century paintings [37], it must be remembered that the
painting was intentionally unvarnished, thus more prone to environmental depositions.

3.2. Painting Technique

Looking at the paint strokes, it can be seen that Andreina Rosa had probably laid
down the paint using different brushes and amounts of color. Raking light observations
helped accentuate the contrast between heavy and delicate brushstrokes. While the former
type gave rise to noticeable bumps that cast shadows on the surroundings, the latter could
barely be distinguished from the background in terms of thickness (Figure 5). All of the
brushstrokes appear to be quite firm, suggesting that confident, quick, and intuitive move-
ments were used. IR reflectography images also highlight such an attitude: it was revealed
that only a single mark was located beneath the visible painted surface (Figures 5c and 6b).
This might be considered as a pentimento, but is more likely to be just an oversight as
such detail is not crucial for the final representation. No underlying drawing could be
detected by IR reflectography: the lack of a preparatory sketch would be in agreement with
the present reasoning, however, the opposite cannot be ruled out, since Andreina Rosa
might have used a drawing material that does not absorb in the IR range employed and is
therefore invisible [38]. The UV-induced fluorescence image of the artwork (Figure 6c) can
be helpful to better see how the color was spread on the surface and to notice similarities
or differences between paints.
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Figure 6. (a) Visible light, (b) IR reflectography (950 nm high-pass filter) with pentimento circled in red, and (c) UV-induced
fluorescence images of the entire painting.

3.2.1. Preparation Layer

The preparation layer of the painting partially passed over the canvas, resulting in
irregular and rather extensive white patches on the back. This suggests that the canvas was
not commercially primed, but rather done by a craftsman or, more likely, by the artist herself.
Under UV illumination, such areas presented a characteristic orange fluorescence (Figure 7);
this could result from the presence of lithopone, which is reported in the literature as
fluorescing yellow-orange [39,40]. However, the observed color could be the result of
mixing different compounds together or be caused by other substances characterized by
similar behavior under UV light.
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interest is also shown.

Considering FORS spectra registered in different areas of the painting surface, it was
possible to recognize the characteristic signals of gypsum and calcite, which are likely part
of the ground layer but could be also present in the paint formulation as fillers (Figure 8).
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Figure 8. FORS spectra obtained for all the considered areas on the painting. On the right, a detail of the SWIR region, with
spectral features common of all the acquisitions, clearly ascribable to gypsum.

The presence of gypsum, calcite, and animal glue in the grounding has been confirmed
with Raman analyses. The response obtained for the preparation layer traversing the canvas
(Back, Figure 9a) presented characteristic peaks for gypsum at 1008 cm−1 (SO4 symm.
str. [41]), calcite at 1090 cm−1 and lithopone at 986, 462 and 350 cm−1. The possibility that
zinc oxide is present in the preparation cannot be excluded, as a shoulder was detected at
436 cm−1 [4,42]. Nevertheless, since such signal was quite weak and could consist just of
instrumental noise, the present observation was not considered as diagnostic but had to be
supported by further evidence. The presence of an animal glue was attested by the typical
features of this proteinaceous material (2980 ÷ 2880, 1446, 1378, 1332, 1598, 1248, 1122,
878 cm−1) [43–45]. When the spectra obtained for the front of the artwork were considered,
signals from the grounding could still be recognized, particularly where the painted layer
was fairly thin (Figure 9b).
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Spectra obtained with ER-FTIR further confirmed the hypothesized composition of
the grounding, as characteristic features for gypsum [41,46–50], calcite [46,51,52], litho-
pone [47,48,53,54], and for the proteinaceous glue [49,55–57] were registered (Figure 10b).
Zinc oxide was also detected [53]. The components of the preparation layer also emerged
on the IR spectra obtained for the painted surface (Figure 10c), as observed before for
Raman analysis.
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3.2.2. Paint Medium and Degradation Products

Based on the multi-analytical approach, the binder was found to be a dryingoil.
As for FORS results (Figure 8), the lipidic strongest absorption features in the 1200–2500 nm

region were observed [58].
For all the analysed areas, Raman spectra presented a doublet in the region 2940 ÷ 2850 cm−1;

this was attributed to the C-H stretching modes of the organic binder [44].
ER-FTIR spectra of all the analyzed areas had characteristic features proper of lipidic

binders too [49,50,59], as it can be seen in the spectrum for Green 13 reported in Figure 10b.
Furthermore, the lipidic binder is recognizable from the ATR spectra thanks to the charac-
teristic triplet of signals at about 2954, 2920, and 2850 cm−1 given by the stretching of CH2
and CH3 groups [46,60,61]. The C=O stretching mode is associated with the shoulders at
1732 and 1716 cm−1 (shown in the detail of Figure 10a): the former is likely due to esters,
whereas the latter to acids. Their trend can be explained according to what Mazzeo et al.
observed on aged lipidic binders [60]: as the ageing proceeds, the ester band becomes
broader due to the hydrolysis affecting triglycerides, while degradation products give rise
to the second signal.

Raman and IR results allowed us to identify the presence of degradation products of
linseed oil.

Mono- and di-hydrated forms of calcium oxalate, respectively named whewellite
and weddellite, have been detected in Raman spectra (see Figure 9b,c). For the former,
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diagnostic signals can be recognized at ca. 1490, 1460, 950 cm−1, and in the range 886 ÷ 894 cm−1,
whereas the features at ca. 1440, 916, and 458 cm−1 are ascribable to the latter [62,63]. The
calcium forming such salts likely derives from the calcite and the gypsum comprised in
the grounding layer and/or present as fillers in paint formulations. Other metallic ions
contained in the pigments have probably formed additional kinds of oxalates, which may
be the reason for the several peaks and shoulders at wavenumbers similar to the ones
described. Several studies underline the presence of these degradation products in other
artworks, yet their formation mechanism is still not completely understood [63–66]. For
the present painting by Andreina Rosa, both the biological degradation and the chemical
alteration of oils through the formation of metal soaps, prior than oxalates, may have
played a crucial role. The former phenomenon has probably affected the painting, giving
rise to visible dark spots: the metabolism of microorganisms such as fungi, bacteria,
and algae includes the secretion of oxalic acid [47,48]. Furthermore, the contribution of
polluted urban air is not to be excluded from the possible factors that lead to the formation
of oxalates, as the canvas has been stored in a private house, exposed to uncontrolled
environmental conditions.

The presence of oxalates was confirmed by FTIR spectroscopy techniques, both in
ER and ATR mode (Figure 10a,b). The C-O symmetric stretching of metal oxalates is
probably the reason for the doublet at ca. 1370 and 1327 cm−1 detected in ER-FTIR
spectra [67], and at ca. 1366 and 1320 cm−1 observed with ATR-FTIR [66,68]. In addition,
weddellite and whewellite are likely contributing to the band observed in the range
1700 ÷ 1600 cm−1 registered through the latter spectroscopic technique, with features at ca.
1650 and 1620 cm−1 respectively [68].

ATR-FTIR measurements allowed also for the detection of metal soaps; these did
not result in the characteristic aggregates and eruptions but are likely homogeneously
distributed throughout the paint layers [69]. Carboxylic acids may have derived from oil
ageing and have combined with alkaline earths or heavy metals present in the artwork,
resulting in metal soaps [70–72]. On the other hand, metal soaps might have been part of the
commercial paints formulations with the purpose of better dispersing the pigments in the
medium or of lowering the price of the product [70,71]. Signals ascribable to the presence
of calcium or zinc soaps (palmitates, stearates, or azelates) lie in the region between 1580
and 1576 cm−1 and around 1540 cm−1 and are associated with the asymmetric stretching
of COO− groups [69,71]. In addition, the sides of the band at 1417 cm−1 present some
shoulders probably because of the underlying signals of CH2 bending of metal soaps in the
region 1464 ÷ 1434 cm−1 and the COO− symmetric stretching at about 1396 cm−1 [73].

Further information about the organic components present in the painted layer was
gained through GC/MS analyses, which were performed on a white-ochre, a light green,
and a dark blue fragment, the former detached from the right side, and the others along the
upper border of the canvas. The results showed the typical profile of (dried) drying oils: in
the chromatograms it was possible to detect short and long-chain saturated monocarboxylic
acids (such as nonanoic, lauric, myristic, palmitic, stearic, arachidic, and behenic acids);
saturated dicarboxylic fatty acids (such as suberic, azelaic, and sebacic acids); minor
amounts of unsaturated fatty acids (oleic acid); glycerol (see Figure 11 and Table 1). Besides
dicarboxylic acids, other compounds indicate that an oxidation process had occurred and
is still in progress: 3-oxo-1,8-octanedicarboxylic acid, cis-9,10-epoxy-octadecanoic, and
9,10-dihydroxy-octadecanoic acid.
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Figure 11. Total Ion Current (TIC) chromatograms after derivatization and analysis through GC-MS of (a) dark blue; (b) light
green; and (c) white-ochre fragments. Ascending numbers are associated with the peaks in the chromatogram obtained for
the green sample: the same ones are used in Table 1 to help data visualisation. Photographs of the sites of sampling and of
the magnified fragments are shown too.

With curing and ageing, triglycerides present in fresh drying oils (rich in mono-, di-,
and tri-unsaturated acids, respectively known as oleic, linoleic, and linolenic acid) undergo
ruptures and fragmentations, giving rise to lower molecular weight-compounds such as
hydroperoxides and peroxides. These are prone to form radicals and thus lead to the
formation of aldehydes, ketones, and alcohols and eventually to dicarboxylic, dihydroxy,
and hydroxylated monocarboxylic acids [10,24–26,70]. Since such oxidation products have
been detected while linoleic or linolenic acids were not, it is possible to say the lipidic
binders in the analyzed samples of the present painting underwent a substantial curing and
ageing process. On the contrary, oleic acid is present in all the cases because its oxidation
occurs more slowly compared to di- and tri- unsaturated fatty acids. Its content is quite low
in the white-ochre and the dark blue fragments, so that the O/S ratio is 0.04 for the former
and 0.02 for the latter, indicating a high level of maturity of the oil. In the green sample
instead, the molar ratio between oleic and stearic acid is 0.94: this could be associated
with the presence of zinc oxide, which was found to trap oleic acid in the painted layer
by forming a packed structure [70,74]. The green color indeed probably contains ZnO, as
suggested by spectroscopic analyses. Moreover, the thickness of the painted layer could
have played a role in the curing and ageing of the green sample. Such a characteristic
implies a slower ageing process since the oxygen availability is relatively lower.
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Table 1. Retention times and attributions of the GC peaks registered for different samples.

Peak Number Retention Time
(min) Attribution

1 11.998 Glycerol derivative
2 12.304 Nonanoic acid, 9-oxo methyl ester
3 12.413 Suberic acid dimethyl ester
4 13.403 Lauric acid methyl ester
5 13.651 Azelaic acid dimethyl ester
6 14.821 Sebacic acid dimethyl ester
7 15.698 Myristic acid methyl ester
8 16.130 Aleuritic acid, trimethyl ether methyl ester
9 17.804 Palmitic acid methyl ester

10 18.559 3-Oxo-1,8-octanedicarboxylic acid, dimethyl ester
11 19.552 Oleic acid methyl ester
12 19.729 Stearic acid methyl ester
13 20.637 Nonadecanoic acid methyl ester (Int.St.)
14 21.297 Octadecanoic acid, 9,10-epoxy-, cis-
15 21.501 Arachidic acid methyl ester
16 22.249 Octadecanoic acid, 9,10-dihydroxy methyl ester
17 23.137 Behenic acid methyl ester

With curing and ageing, triglycerides present in fresh drying oils (rich in mono-, di-,
and tri-unsaturated acids, respectively known as oleic, linoleic, and linolenic acid) undergo
ruptures and fragmentations, giving rise to lower molecular weight-compounds such as
hydroperoxides and peroxides. These are prone to form radicals and thus lead to the
formation of aldehydes, ketones, and alcohols and eventually to dicarboxylic, dihydroxy,
and hydroxylated monocarboxylic acids [10,24–26,70]. Since such oxidation products have
been detected while linoleic or linolenic acids were not, it is possible to say the lipidic
binders in the analyzed samples of the present painting underwent a substantial curing and
ageing process. On the contrary, oleic acid is present in all the cases because its oxidation
occurs more slowly compared to di- and tri- unsaturated fatty acids. Its content is quite low
in the white-ochre and the dark blue fragments, so that the O/S ratio is 0.04 for the former
and 0.02 for the latter, indicating a high level of maturity of the oil. In the green sample
instead, the molar ratio between oleic and stearic acid is 0.94: this could be associated
with the presence of zinc oxide, which was found to trap oleic acid in the painted layer
by forming a packed structure [70,74]. The green color indeed probably contains ZnO, as
suggested by spectroscopic analyses. Moreover, the thickness of the painted layer could
have played a role in the curing and ageing of the green sample. Such a characteristic
implies a slower ageing process since the oxygen availability is relatively lower.

For all three samples, the molar ratios between azelaic and palmitic acids (A/P)
resulted to be in the range 0.7–0.9, quite close to 1. These values support the hypothesis
that a drying oil—and not egg—was used. Still, it is not possible to neglect the possibility
that in other parts of the painting a different medium was employed since the samples
considered are few and cannot be representative of the whole canvas. P/S ratios were
calculated to be ca. 1.5, 1.3, and 1.7 for the white, green, and blue samples respectively,
fairly similar to the one characteristic of linseed oil, 1.6 ± 0.3 [70].

3.2.3. The Color Palette

The similarity among many shades of colors present on the painting was questioned,
aiming to better understand how the artist worked, whether she used mixtures of the same
pigments, employed commercial paint tubes, or prepared her own recipes starting from
raw materials. As a first approach, HIS was useful for assessing the resemblance of various
hues. Figure 12 presents the color masks obtained for different endmembers where the
pixels having a similar reflectance spectrum are evidenced with a false color. Additional
information about the setting used can be found in Appendix C (Table 1).
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Figure 12. HIS masks obtained for chosen colour endmembers, selecting the points evidenced in red.

Blue shades could be grouped together and be related somehow to Green 5; similarities
may be shared between Orange 4 and Red 6 and between Ochre 8 with Green 14; whereas
the two analyzed brown areas resulted very alike. Yellow 7, instead, could not be grouped
with any other hue when considering HIS results. Other investigations demonstrated the
pigments present in such a shade were actually widespread on many areas of the canvas.

The blue shades, together with the grey areas of the painting, are likely constituted
by different mixtures of the same pigments: ultramarine blue, ivory black, and zinc
white. With FORS, the characteristic reflection minimum of ultramarine blue in the region
between 605 and 615 nm [16,75,76] has been detected (Figure 13). The low reflectance of
the obtained spectra is due to the presence of a dark pigment, while the differences in
relative intensity and position of the reflection minimum are ascribable to the variations in
pigments proportions [76].
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Figure 13. FORS spectra detail (350–1000 nm) registered for Blue 1, Blue 2, and Blue 3. The reference
spectrum of synthetic ultramarine blue pigment is shown in red.

The presence of ultramarine blue pigment in Andreina Rosa’s painting was confirmed
also by Raman spectroscopy: the characteristic peak at ca. 546 cm−1 given by the symmetric
stretching of S3

− ions [53,75] was detected for all the analyzed blue areas. The two intense
and broad peaks registered in the same spectra at 1604 and 1306 cm−1 are ascribable to the
black pigment used in the mixture for obtaining the final dark greyish hue. This consists
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probably of a carbon-based pigment, for which the former signal constitutes the so-called G
band, and the latter the D band [77–83]. Moreover, a shoulder at ca. 962 cm−1 attributable to
the phosphate (PO4

3−) stretching suggests the black pigment could be ivory black [78,80].
Blue 3 is considerably brighter than the other two and was probably mixed with a white
pigment. This was possibly zinc white, whose characteristic signal at 434 cm−1 [4,42] was
detected as a shoulder, next to the sharp peak at 414 cm−1 attributed to gypsum. Blue 2 and
Blue 3 were also analyzed through ER-FTIR and the obtained spectra were characterized
by strong reststrahlen peaks in the region between 1060 and 1020 cm−1. These can be
attributed to the Si, Al-O asymmetric stretching proper of ultramarine blue pigment [48].
The investigations carried out with ATR on a sample characterized by a blue shade similar
to the one of Blue 1, resulted in a spectrum having characteristic peaks of both ultramarine
blue and ivory black. The strong signals registered in the region 1063–1017 cm−1 are likely
due to the Si-O stretching mode proper of the blue pigment [46,51,84], whereas the presence
of ivory black was assessed thanks to the peaks given by the stretching modes of PO4

3− at
879, 632, and 601 cm−1 [82]. Two further signs of evidence of the stretching of phosphate
groups can be found in the shoulders at 562 and 470 cm−1. Similar features were observed
for a grey sample, as a confirmation of what was hypothesized based on HIS results. The
presence of zinc white could be determined also for this color.

The FORS spectrum obtained for Yellow 7 exhibited a good correspondence with a
mixture of chrome yellow and zinc white in linseed oil (see Figure A3 in Appendix D).
Such results were supported by Raman spectroscopy measurements as characteristic peaks
of chrome yellow could be detected: the CrO4

− stretching at 848 cm−1 and the Cr-O
bending modes at 378, 358, 340, and 326 cm−1 [42,77,85]. The imperfect match in signal
position and curve trend of the obtained spectrum with the ones reported in the literature
may be ascribed to a slightly different crystal structure or formulation of the pigment [65]
or the occurrence of some degradation phenomena involving the coloring agent based
on the reduction of CrVI to CrIII [66,85]. Such changes in the oxidation state of chrome
have been observed to be possibly related to the formation of oxalates in a lipidic binder
and likely cause a change of the color towards more greenish hues [66]. In the present
painting, Yellow 7 does appear to have a green shade and might thus be affected by the
mentioned alteration phenomenon. Zinc white was detected by the Raman analysis since
the characteristic peak at 434 cm−1 could be detected [4,42]. The ATR spectrum of a sample
taken from the edge where the Yellow 7 area was, had some correspondences with the
reference spectra provided by the Institute of Chemistry University of Tartu (Estonia) [47]
for chrome yellow, mainly in the signals at 1036, 597, and 463 cm−1.

Raman analysis allowed us to detect chrome yellow and zinc white in Ochre 8 and in
the studied green shades. As the two pigments were always found together, they were
likely part of the same commercial paint that the artist used for yellow hues. Goethite was
probably included in Ochre 8 as well, as suggested by the registered FORS spectrum. In
the green colors, ultramarine blue and ivory black were detected too: these were probably
mixed in different proportions to result in such distinct shades. Moreover, additional
pigments might be present in the mixtures, as the registered instrumental responses were
quite complex. For instance, the Raman spectrum of Green 14 exhibited characteristic
signals in the region 500–300 cm−1 that indicated the presence of some iron oxides or
hydroxides of an earth pigment. FORS results suggested the presence of goethite in this
color too.

Red 6 was hypothesized to be composed mainly of an iron-based pigment mixed with
vermilion (see Figure A6).

Based on the FORS spectra registered for the red and orange colors, the similarity hold-
ing between them was assessed. For Orange 4, Raman spectroscopy revealed the presence
of chrome yellow, while the signal registered at about 443 cm−1 with ER-FTIR analyses
suggested hematite was present too [86]. Hence, the red color might be a commercial tube
paint containing both vermilion and hematite.
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Brown 9 and 10 have been found to be extremely similar. The presence of hematite
in both was supported by the registered FORS spectra with characteristic s-shape and
maxima at 620 and 750 nm and minimum at 880 nm, Raman signals at 415, 500, 615, 660,
and 824 cm−1 [86] (see Figure A7) and ATR features at 470, 540, and 610 cm−1.

Investigations on the whitish shades revealed that chrome yellow may also be present,
as a maximum at 503 nm was registered in the derivative of the FORS spectra (see
Figure A8): this was observed also in the analyzed yellow colors and was thus considered
as a diagnostic feature. Weak signals related to such pigment were depicted also on the
associated Raman spectra: the yellow component was probably included as a remnant of a
previously used paint on the brush and was thus present in a low amount. Raman signals
of lithopone were very strong instead, and were detected at 986, 646, 454, and 344 cm−1

(Figure 14) [53].
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Figure 14. Raman spectrum registered for White 15.

This artwork visibly includes many different shades of color along the canvas: from
the left side where there is a predominance of bluish and green tones, to the middle where
intense reddish and ochre hues catch the eye, and to the right side with faded light-yellow
tone, including the lower area colored mainly with browns.

In Table 2 the binding media, pigments, additives, and degradation products identified
for the different analyzed areas are summarized. The reader shall be aware that the absence
of certain compounds in some of the colors may not be due to an effective lack of such
substances but related to the fact that not all the analytical techniques were performed
for each considered area. Gypsum, calcium carbonate, and barium sulphate are reported
as additives but may be actually part solely of the groundings, while metal soaps listed
among the degradation products might also be additives of commercial paints.

Table 2. Binding media, pigments, additives, and degradation products identified through the multi-analytical study on the
considered coloured areas of the artwork.

Area/Colour Binding Media Pigments Inorganic Additives Degradation
Products Comments

Grounding Proteinaceous glue -
Gypsum, chalk,

lithopone,
zinc oxide

-
Orange fluorescence

under UV
illumination
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Table 2. Cont.

Area/Colour Binding Media Pigments Inorganic Additives Degradation
Products Comments

Blue 1

Lipidic material,
more likely Linseed

oil

Ultramarine blue,
ivory black, zinc

white

Gypsum, barium
sulphate, calcite

Metal oxalates,
weddelite,

whewellite, metal
soaps

Blue 2 Metal oxalates

Hard to analyze with
non-invasive

technique due to its
darkness

Blue 3
Metal oxalates,

weddelite,
whewellite

Orange 4 Vermillion, hematite,
chrome yellow Metal oxalates

Low signals in
Raman besides

chrome yellow. In
ER-FTIR derivative
signals instead of
peaks for metal

oxalates

Green 5

Chrome yellow,
ultramarine blue,
zinc white, ivory

black

Metal oxalates,
whewellite,
weddelite

Red 6 hematite Metal oxalates

Low signals in
Raman besides

chrome yellow. In
ER-FTIR derivative
signals instead of
peaks for metal

oxalates

Yellow 7 Chrome yellow, zinc
white Metal oxalates,

whewellite,
weddelite, metal

soaps

Ochre 8 Chrome yellow, zinc
white, goethite

Brown 9 Hematite

Brown 10 Hematite, vermillion

White 11 Lithopone, zinc
white, chrome yellow

Metal oxalates,
whewellite,

weddelite, metal
soaps.

Grey 12
Ultramarine blue,
ivory black, zinc

white

Metal oxalates,
whewellite,
weddelite

Green 13
Chrome yellow,

ultramarine blue,
zinc white, ivory

black

Metal oxalates,
whewellite,
weddelite.

High variety and
amount of oxidation

products of the
lipidic binder

detected by GC-MS,
probably slower

ageing

Green 14
Metal oxalates,

whewellite,
weddelite

White 15 Zinc white, chrome
yellow Metal oxalates
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4. Conclusions

By using a multi-analytical approach, the artistic materials and the painting technique
used by Andreina Rosa for Natura Morta (1954–1955) and the painting state of conservation
have been questioned. Based on the collected information, it was possible to infer the
history of the painting: Andreina Rosa probably prepared the grounding herself and
created her artwork on a bigger canvas compared to the actual size. Successively, the
painting was re-dimensioned and transferred on new stretchers. The canvas was fixed to
the wooden boards with nails and with the help of an adhesive; on the sides some paper
was glued as a protection. The latter was then detached, causing extensive losses of paint.

The artwork was not in an optimal state of conservation, mainly ascribable to the
transfer to the new wooden frame and to the uncontrolled environmental conditions during
its storage. Evidences of this were the observed distortions, diffused cracking, and losses
and a non-identified form of biological attack. Technical photography as well as microscopy
observations helped in noticing and documenting such degradation phenomena with a
completely non-invasive approach. The artwork has thus been assessed to be extremely
fragile because of the widespread craquelures and the delicate balance that has established
as a consequence of possible fluctuations in humidity levels. Hence, care must be taken
in its handling and the environment of storage should be controlled (temperature and
relative humidity oscillations). Furthermore, a mild consolidation treatment on the highly
damaged sides could be helpful for the preservation of the painting integrity.

The crossing of information obtained both with macro- and microscopic observations
and with different spectroscopic techniques allowed a compositional study of the prepara-
tion and painted layers. The former contain a very complex inorganic fraction, probably
made of gypsum, lithopone, calcite, and zinc white, together with a proteinaceous glue. For
the latter, Andreina Rosa has likely employed commercial oil-based paint tubes, containing
mixtures of pigments as well as fillers and additives. Colouring agents such as ultramarine
blue, chrome yellow, vermilion, and burnt sienna have been identified combining the
information gained through complementary analytical tools like FORS, Raman, ER-FTIR,
and ATR-FTIR spectroscopies. Such spectroscopic techniques also helped in the study of
the organic fraction and GC-MS investigations corroborated the presence of a lipidic binder
(most likely linseed oil). The quite advanced level of ageing of the binder was attested by
the presence of a number of oxidation products, metal soaps, and oxalates. Nevertheless,
the use of different binding media (such as egg yolk) could not be excluded with certainty:
different formulations might have been employed throughout the canvas.

It is indeed widely affirmed that contemporary paintings are particularly complex to
analyze as artists could, did, and still often do work with a multitude of possible materials,
paint recipes, and techniques. Multi-analytical investigations constitute fundamental
means of studying such complex mixtures, making it possible to provide more information
about the artworks, their state of conservation, composition, and history. Since the studied
painting constitutes a new acquisition for the International Gallery of Modern Art Ca’
Pesaro, such knowledge points at the support for the outlining of adequate preservation
policies as well as for the research on Andreina Rosa’s artistic activity. Finally, given the
lack of written records or interviews about her painting techniques, we hope to awaken
curiosity about this Venetian artist and perhaps in the future we can count on testimonials
from those who have worked with her/seen her in practice.
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Figure A2. Areas analyzed with some spectroscopic techniques for the study of the glue present in 
different areas of the canvas and of the preparation layer. To each of them, a digital 55x magnifica-
tion image is associated together with the assigned name. 
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Figure A2. Areas analyzed with some spectroscopic techniques for the study of the glue present in
different areas of the canvas and of the preparation layer. To each of them, a digital 55x magnification
image is associated together with the assigned name.
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Appendix C

Table 1. HIS masks reported in the paper, with the associated spectra and Pi.

Colour Image Spectrum

Blue 1
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Table 1. Cont.

Colour Image Spectrum
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Figure A3. (a) Reflectance spectra obtained for Yellow 7 through FORS and using the Spectrocolorimeter (Sp.Col.). The 
reference FORS spectra of zinc white and Chrome Yellow are reported as well. (b) First derivative of the FORS spectrum 
for Yellow 7 in the region 354–600 nm, where characteristic features are labelled (maxima and null points of the deriva-
tive). 
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Figure A3. (a) Reflectance spectra obtained for Yellow 7 through FORS and using the Spectrocolorimeter (Sp.Col.). The
reference FORS spectra of zinc white and Chrome Yellow are reported as well. (b) First derivative of the FORS spectrum for
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Figure A4. (a) Reflectance spectra obtained for Ochre 8 through FORS. The reference spectra of zinc white and Chrome
Yellow are reported as well. (b) Detail of the first derivative of the FORS spectrum for Ochre 8, where characteristic features
are labelled (maxima and null points of the derivative).
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Details of the first derivative curves of the FORS spectra are also shown on the right side of the figure, where characteristic
features are labelled (maxima and null points of the derivative).
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Figure A6. (a) Reflectance spectrum obtained through FORS for Red 6 in the region 350–900 nm in
comparison with the one of natural vermilion. (b) Detail of the first derivative curve of the FORS
spectrum of Red 6. (c) Detail of the first derivative curve of the FORS spectrum of natural vermilion,
where characteristic features are labelled (maxima and null points of the derivative).
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