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Abstract

:

The conservation of contemporary art often offers unique occasions to study complex multi-material artworks and understand their creative process and esteem degradation distress. The recent diagnostic campaign on the surrealist artwork Perché le vittime vincano (For the victims to win) (1974–75) by the artist Roberto Sebastian Matta allowed us to characterize the original painting materials (pastels on spolvero paper), never investigated and completely unknown, in order to support the imminent restoration. Due to the great dimensions of the artwork and its conservative issues, non-invasive multispectral imaging (HMI) analyses were done to investigate the whole painted surface, mapping and differentiating original materials and possible degradation patterns. Imaging data supported analytical characterization analyses run through elemental (portable X-ray fluorescence spectroscopy and scanning electron microscopy coupled with energy-dispersive spectroscopy) and molecular spectroscopy (Fourier transform infrared and portable µ-Raman spectroscopy) to identify the original artist’s materials and to support the restoration operations. The analysis revealed that the painting materials used by Matta are pastels characterized by modern pigments and dyes, such as Cu-phthalocyanines, chrome orange, titanium and zinc whites, compacted with kaolin without any organic binder or with a possible minuscule amount of gum.
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1. Introduction


The Chilean artist Roberto Sebastian Matta (1911, Santiago, Chile–2002, Civitavecchia, Italy) is one of the most outstanding personalities of the Surrealist art movement, to which he was introduced by the founder André Breton at the beginning of the 1930s [1,2]. His paintings are exhibited in the world’s most valuable contemporary art collections such as London’s Tate Modern, the Metropolitan (MET) and Museum of Modern Art (MoMA) in New York, the Art Institute of Chicago and Centre Pompidou in Paris [3,4]. In his latest works, in a phase of overcoming Surrealism, Matta devotes himself to the pastel technique and to his desire to expose current events and turn to man’s actions by denouncing their cruelty, voracity and “bestial imbecility” [5]. To this artistic moment and inspiration belongs the triptych Perchè le vittime vincano (For the victims to win) (1974–1975) made up of three separate large paper sheets lined on canvas, two smaller lateral ones (179.1 × 150.6 cm) and a central one (180.3 × 405.1 cm), this last being the object of the present paper. The paintings settle in the great cycles of pastel artworks that Matta realized in Tarquinia (central Italy). In this artwork, Matta recalls figures of ancient codes of the Mayan, Azteche and Araucana peoples brutally subdued by Spanish conquerors and the violence of the military coup which in 1973 dismissed Salvador Allende from the legit democratic leadership of Chile. According to the sources [6], in 1975, the triptych was donated to the municipality of Tarquinia by Roberto Sebastian Matta as a sign of thankfulness for the received honorary citizenship and it was exhibited in the Hall of the Council of the town hall of Tarquinia since the moment of its donation. The central panel (Figure 1) was investigated with both spectroscopic methods and innovative diagnostic imaging techniques in order to understand its creative process, characterize painting materials and evaluate the state of conservation of the painting.



The pastel painting technique, of which the first experimentations date back to the 16th century, became extremely popular in the European artistic scene during the 18th century [7]. The scientific study of the chemical–physical characterization, production processes, painting techniques and conservation protocols still present some aspects to enlighten respect to other artists’ materials [8,9]. Although their very first commercialization is unknown and a variety of chemical compositions have been found in the lucky cases of untouched original colors in artists’ studios, the pastel painting technique offered a new expressive medium to artists that could rapidly impress their creative impulse in a diversified bright palette on different supports, without the preparation of the color or binder to add [10]. The simplicity and directness of their usage have a downside in conservation issues due to their poor adherence to the support and to degradation processes involving new synthetic pigments available from the late 18th [11] and the eventual content of organic binders. In fact, pastel painting can behave like an overlay of powdery layers, which can be severely affected by vibrations [12]; for this reason, spray fixatives on the artwork’s surface were often applied by artists since their first use in the 18th century [13] and conservators to avoid the loss of pictorial material.



The scientific studies available in the literature on pastel degradation and conservation treatments [14,15,16] also attested that this kind of painting material is very sensitive to humidity and light which can induce “severe mould outbreaks of the pastels” as testified by an early study in Rijksmuseum pastels collection [17].



Moreover, a problem with these artist’s materials is also their weak adhesion to the support (generally paper) which is a consequence of low concentrations of the binding medium used in some kinds of pastel sticks [18,19].



In order to investigate the materials of Matta’s artwork, a diagnostic and analytical campaign was planned at the beginning of the restoration process, mainly through non-invasive on-site techniques.



Specifically, ultraviolet fluorescence photography (UVF) and hypercolorimetric multispectral imaging (HMI) were performed to gather overall information about the painting materials and conservation status. Moreover, these techniques allowed us to address the subsequent point analysis through X-ray fluorescence (XRF) and µ-Raman spectroscopy performed by portable instruments; the imaging data represented a useful tool of comparison to support the results of the analytical surveys [20]. All these analyses gave information on the materials and allowed to limit the sampling (possible only in correspondence of a pre-existing tear) for stratigraphic observation under an optical microscope and scanning electron microscopy coupled with energy dispersive spectroscopy (SEM-EDS) investigation. Lastly, we had the opportunity to analyze an original pasted obtained from Matta’s workshop through Fourier transform infrared spectroscopy (FTIR) with the aim to gather information about the binders.




2. Materials and Methods


2.1. Hypercolorimetric Multispectral Imaging (HMI) and Ultraviolet Fluorescence Photography (UVF)


HMI, including UVF, is a rapid and portable multispectral imaging system for the in-situ analysis of artworks and materials developed by the Italian engineering society Profilocolore based in Rome. The system may be illustrated in three sections:




	(1)

	
The acquisition set, made of a modified digital camera Nikon D800 (Nital SpA, Moncalieri Torino, Italy) able to acquire the images from 300 to 1000 nm, three bandpass filters for selecting the spectral region, a series of white reference patches, a color checker with 36 colors by Natural Color System (NCS)®© (NCS, Milan, Italy), two modified flashes covering the region from 300 to 1000 nm and two CR230B-HP 10W UV LED projectors, peak emission at 365 nm, mounted at 45° in respect to the camera for acquiring the UV-induced fluorescence (UVF);




	(2)

	
A calibration software named SpectraPick® (Version 1.1, created by Profilocolore, Rome, Italy) based on artificial intelligence and convolutional neural network algorithms for a highly accurate calibration of multispectral images using the white and color references, so that to obtain 7 monochromatic images centered at 350, 450, 550, 650, 750, 850 and 950 nm with high accuracy in reflectance (more than 95%) and color measurement (ΔE around 1.5, where ΔE is the total color difference in the CIELAB1976 space);




	(3)

	
A processing software named PickViewer® (Version 1.0, created by Profilocolore, Rome, Italy) that allows us to apply several algorithms to process the calibrated images [21,22,23].









Because of the great dimensions of the central panel of For the victim to win, two sets of acquisition—each made of three shots, two for generating the seven spectral bands and one to acquire the UVF photography—were done sliding the camera on a parallel plane and then merging the two images with PTGui software [24].




2.2. X-ray Fluorescence (XRF) Spectroscopy


X-ray Fluorescence spectra were collected with a portable XRF spectrometer (Surface Monitor II, Assing, Rome, Italy). The instrument is based on a silver anode as the excitation source and detector X-123 Si Pin that allows the detection of elements from atomic number 16 (S) to 92 (U) with an energy resolution of 146 eV. The X-ray beam is collimated to a spot diameter of about 2.0 mm in diameter. For all measurements on the painting, the following experimental conditions were employed: tube voltage 40 kV; tube anode current 76 μA, acquisition time 60 s. XRF measurements were performed in a total of 18 points (X1–X18) on all the different color pastels used in the work, also including 3 points of the paper support as a reference and to explore the possibility of possible dyeing of the paper (Figure 2).




2.3. µ-. Raman Spectroscopy


Raman spectroscopy measurements were done with a portable BWTek (B&W Tek, Plainsboro, NJ, USA) i-Raman system equipped with a 785 nm laser source and a cooled 2048 pixels CCD array detector, with a spectral resolution of 3 cm−1 and coverage of the spectral range from 0 to 4000 cm−1. The instrument is calibrated in Raman shift by the manufacturer, which periodically carries out system maintenance. At the beginning of each measurement campaign, the spectral calibration is rechecked using a reference sample in polytetrafluoroethylene (PTFE), characterized by clean and well-defined Raman bands. Several measurements under different experimental conditions were acquired for six points (P1–P6) of analysis corresponding to six different pastel colors used by Matta. These points were chosen where XRF spectroscopy did not give definitive and certain results.



Different combinations of laser power and integration time were tested; the measurements, in fact, suffer from the presence of a notable fluorescence signal, mainly due to the paper, which tends to cover the already weak Raman signal that could be detected. Increasing the laser power could enable it to obtain a detectable Raman signal, but it would mean a considerable rise in the fluorescence signal and potential microdamage to the painted surface. For these reasons, the laser power was kept between 10% and 20% of the maximum rated power of 30 mW with an integration time of 30 s. The points of Raman analysis are shown in Figure 3.




2.4. Fourier Transform InfraRed (FTIR) Spectroscopy


FTIR analysis was performed by bench spectrophotometer Nicolet Avatar 360 on an original red pastel used by Matta in his late artistic production in Italy. The spectrometer consists of an IR source and a DTGS detector (Deuterated Try-Glycine Sulphate) and operates in the spectral range between 400 and 4000 cm−1 with a resolution of 4 cm−1. A quantity of 5 mg from a red pastel “Rembrandt soft pastel” found in the artist’s studio in Tarquinia was grounded without any treatment in agate mortar with potassium bromide (KBr) used also as background material. For each sample, 256 scans were acquired in diffused reflectance mode DRIFT (Diffuse Reflectance). The functionality of the different parts of the spectrometer was checked before the measurements by running the diagnostic tests on the different components of the instrument through the software OMNIC 5.2. Calibration was performed by a standard polystyrene film supplied with the instrument.




2.5. Optical Microscopy and Scanning Electron Microscopy-Energy Dispersive Spectroscopy (SEM-EDS)


A small sample of the pastel painting, picked on a marginal portion of the artwork, in correspondence with a pre-existing tear (the only sample that we were permitted to take), was examined through optical and electronic microscopy as a cross-section. This was prepared after having embedded the micro-sample (about 2 mm2) in a polyester resin (X60 NXMET), suitably cut and polished. The prepared cross-section was observed with a polarized light microscope Zeiss Axioskop; equipped with reflected, transmitted and UV lighting. The images were acquired through Zeiss AxioCam NRc (Zeiss, Oberkochen, Germany) camera and processed using AxioVision software to trace the sequence of stratigraphic layers and to recognize possible traces of organic material or characteristic fluorescence of materials by means of observation with ultraviolet radiation.



The same cross-section was further analyzed through a Jeol (Tokyo, Japan) JSM 6010LA electron microscope working at 20 kV and equipped with an EDS probe. The sample was placed on aluminum stubs, fixed by carbon tape and metallized with gold through a Balsers MED10 sputter coater, operating under a vacuum. Morphological observation of the sample was done with the electronic microscope in back-scattered electrons (BSE) mode at different magnifications to deeply investigate the pictorial layer and the underneath paper support.





3. Results


3.1. HMI and UVF Data


HMI-processing software PickViewer® allows us to apply different algorithms, all useful to obtain information on the materials, techniques and conservation status of the artwork. Two typical image-processing techniques are the infrared and ultraviolet false color outputs (IRFC and UVFC, respectively) which can be rapidly and easily produced by the specific tool of PickViewer®. In Figure 4 the IRFC and UVFC images are shown.



According to the literature data, it can be supposed that the blue and green areas are made of phthalocyanine-based pigments that have dark-red and light-violet responses in IRFC, respectively [25,26]. These two pigments have a different response in UVFC: the blue becomes green and the green becomes pink, as reported in the literature [27]. By combining the results of IRFC and UVFC it is possible not only to suppose the composition of green and blue pigments but also to differentiate the two kinds of phthalocyanines.



The other observed change concerns the orange color that in IRFC appears light yellow whereas in UVFC it becomes violet. This behavior seems to be typical of lead chromate-based pigments [28], but no other examples were found in the literature regarding this pigment response in IRFC and UVFC apart from that found in the reference [28] where, however, the pigment is declared to be analogous to crocoite (pigment Kr. 10850) with formula PbCrO4. The other analysis performed in our study, specifically XRF spectroscopy and SEM-EDS, will confirm this hypothesis (see Section 3.2 and Section 3.5) by revealing the presence of Pb and Cr. The formula of chrome orange, as reported in the literature is PbCrO4∙PbO or PbCrO4∙Pb(OH)2 [29,30], but the false colors are probably very similar for the different lead chromate-based pigments.



White color areas appear white in IRFC and very pale yellow in UVFC. In this case, the comparison with the above-considered database does not help to make hypotheses about the composition. Some analogies can be found with lithopone, a mixture of barium sulphate and zinc sulfide [28].



It has been stressed that the IRFC and UVFC images are not resolutive in the characterization of pigments, but they can give some indications to make hypotheses and to address the choice of points for further analysis, such as p-XRF and micro-Raman.



This is particularly relevant in the present case because it was not possible to take pigment samples from the surface. In fact, the only sample that we were permitted to take was that from a lacuna in the lower part of the artwork, as specified in Section 2.5.



The HMI-processing software can be used also to perform chromatic similarity maps in order to investigate the distribution of a pigment or a mixture of pigments on the painting surface. One example is supplied in Figure 5 where the similarity map was obtained for the red color in the figure at the center of the painting.



In addition to the character carrying the cart, this red color has been used also in other limited zones of the painting, in correspondence with the white pixel shown in the figure. Another map was performed for the violet color, probably a mixture of pigments including white, used to paint a leg of the blue figure between the two tigers. In this case, an interesting map has been produced by the algorithm of chromatic similarity (Figure 6).



In fact, the main similarity is found in the violet-red areas of the painting, but also in the contours of all figures and objects of the painting and in the elephant. Considering that the contours appear black in the visible, the violet color of the leg probably contains the black pigments used for obtaining the outlines.



To better highlight the black outlines of the figures and objects in the scene, the NDI (normalized difference index) algorithm was applied to the calibrated bands. In particular, the UV and RGB bands were subtracted from the three IR ones. In Figure 7 the image resulting from the application of the NDI algorithm is displayed clearly showing the outlines of the figures and objects in the scene.



To complete the multispectral acquisition, the UVF image of the painting was also obtained, after stitching the two shots made under ultraviolet radiation (Figure 8).



UVF is usually requested by restorers at the beginning of the intervention in order to have a general view of the conservation status of the artwork surface. In fact, this technique highlights the presence of eventual repainting, grouting, retouching and fluorescence associable with different kinds of materials both organics and inorganics [24,25]. In the image of Figure 8, no fluorescence can be observed on the painting surface, suggesting the absence of the above-mentioned interventions and also of a possible fixative used for pastels. Some light blue fluorescence is observed in the area where a probable restoration has been performed by using an adhesive that could be responsible for the response under UV radiation.




3.2. X-ray Fluorescence Spectroscopy (XRF)


XRF analysis was performed on 18 points on the artwork (as shown previously in Figure 2), to detect the main chemical elements constituting the color palette used by Matta also included two points of the paper support as a reference to explore the hypothesis of possible dyeing of the paper. This hypothesis was formulated by the restorers at the beginning of the intervention, as the surface appeared of a homogeneous and yellowish color. Table 1 reports the main elements detected through XRF spectroscopy for the investigated areas and suggestions for their attribution. Some first observations may be made concerning the elements present in all examined points, i.e., calcium and iron. These elements are detected in low counts (average value for Ca = 123 cps, and for Fe = 216 cps) indicating their probable presence in the paper due to the production cycle. The only point with high counts of Fe is X8 where the element is associated with iron-based pigment. The presence of calcium and iron is probably due to the chemical treatments used in the paper manufacturing process, suggesting the presence of inorganic pigments as mineral fillers during industrial bleaching and opacification processes. According to the literature data, calcium carbonate (CaCO3) is mentioned among the most used materials for the finishing treatment of the paper [31,32]. Therefore, the possibility that the paper was colored by the artist may be excluded.



Other elements widely present in the examined points are barium and zinc that, if associated, may be considered as lithopone, a white made of barium sulfate and zinc sulfide, widely used in contemporary art [33,34].



Ba has been detected also alone in some points (X3, X9, X17 and X18) suggesting the addition of barium white, i.e., BaSO4. Theses pigments, widely used since the 19th century, were often added to organic dyes as inert or extender [35].



The orange and yellow colors contain lead and chromium indicating the use of pigments based on lead chromates [36,37]. The shades of pink do not present significant elements to establish the composition of the pigment, so it could be some organic dye. Green and blue areas reveal the presence of Cu, sometimes associated to Br, which allows us to hypothesize the use of phthalocyanine-based dyes. In the black color, no significant XRF signal was detected so the use of a carbon black pigment can be considered. To deepen the knowledge of the pigment composition, especially in the case where XRF was not resolutive, µ-Raman spectroscopy was applied.



The presence of several elements in the examined points is due to the mixing of colors and to the intrinsic characteristics of contemporary artist materials often containing different extenders [38,39].




3.3. µ-. Raman Spectroscopy


Raman spectra were acquired in six points of the painted surface (as shown in Figure 3) repeating the measurement for every point to improve the signal/noise ratio. The Infrared and Raman Users Group (IRUG) database was used for comparison with reference spectra [40]. Figure 9 shows all experimental average Raman spectra referred to the six examined points and the relative molecular structure.



The analytical results and Raman spectra are listed below:




	
Point 1 (P1): black pastel used for the outlines of the figure. The measurement on black is particularly complicated, as it tends to absorb laser radiation and can be degraded very easily. For this reason, only 10% of the maximum rated power of the instrument was used, without overcoming the 3 mW of power. However, the Raman signal is very weak and noisy and the two small peaks at 987 and 1081 cm−1 have not been assigned Figure 9A). Nonetheless, the large band centered at about 1587 cm−1, associated with the presence of bands around 1320–1330 cm−1 (both encircled in yellow in Figure 9), suggest the usage of carbon black pigment [41]. Raman signals at higher Raman shifts and the background signal also suggest the presence of some organic materials.



	
Point 2 (P2): dark-blue pigment. The spectrum can be perfectly superimposed on the IRUG Raman spectrum of Cu-Phtalocyanine Blue, called Monastral Blue as suggested by characteristic Raman peaks at 746, 1141, 1337 and 1526 cm−1 (Figure 9B).



	
Point 3 (P3): rose/violet color. Some Raman signals are clearly readable at 398, 416, 638, 846, 869, 1003, 1778 and 2877 cm−1 (the last two are not shown in Figure 9C). The peak at 1778 cm−1 is weakly present in all collected spectra, regardless of color and investigated area, and is probably referable to the paper support. The peak at 2877 cm−1, visible in various spectra although very weak, could be associated with traces of organics. Other Raman signals refer to the pigment, but they do not correspond to any of the pigments in the IRUG database. Anyway, these signals allow to exclude the presence of pigments such as manganese violet, but also mixtures classically used for the violet yield such as madder lake (red madder) combined with ultramarine blue [42]. On the other hand, the presence of an iron-oxide-based red pigment can be hypothesized on the base of the peaks at low Raman shifts which are close but not perfectly coincident with those of Fe (III) oxide, probably mixed with other inorganic pigments. The signal at 1003 cm−1 could indicate traces of gypsum (although the calcium sulphate line is normally found at 1006–1008 cm−1), often used to lighten dark colors. The two neighboring lines around 400 cm−1 could indicate the presence of azurite, whose main peak is normally placed between 395 and 410 cm−1. The various hypotheses proposed, however, do not allow definitive identification of the pigment mixture.



	
Point 4 (P4) and 5 (P5): light-green and light-blue pastels. Raman spectra revealed that the two colors are very similar chemical compounds (Figure 9D,E). In particular, P4 shows most of the main peaks and the group of signals at 1088, 1208 and 1280 cm−1 that indicate the presence of Cu-polychloride-phthalocyanine, but other Raman shift of the peaks at 664, 744, 1088, 1208, 1329 and 1535 cm−1 suggest a mixture with Cu-Phtalocyanine Green, called Monastral Green. P5 presents Raman peaks clearly comparable to the IRUG spectrum of Cu-polychloride-phthalocyanine.



	
Point 6 (P6): dark-green pastel. Raman data show a spectrum coherent with P5 (Figure 9F).









3.4. Fourier Transform InfraRed (FTIR) Spectroscopy


FTIR analysis supplied the identification of original painting materials. The investigated sample was picked by one of the Rembrandt soft pastels still preserved in Matta’s studio in Tarquinia. This was a unique and invaluable opportunity to compare the artwork’s materials with original contemporary art products of the 20th century perfectly preserved and it also represented helpful support for heritage sciences in this study since the fragility of the pastel painting and the actual risk of pictorial fall and loss strictly limited the number of samples available for analytic surveys. As shown in Figure 10, the FTIR spectrum is complex and rich in signals attributable to both inorganic and organic compounds. The presence of sharp peaks in the spectral range 3696–3200 cm−1 can be associated with -OH stretching which is present in clay materials, such as kaolinite and bole. Further signals attributable to kaolinite/bole can be observed at 1110, 1034, 1011 and 915 cm−1, while the peaks at 540 and 474 cm−1 indicate the presence of iron oxides. Aromatic overtones in the 2138–1965 cm−1 range can be associated with an organic dye of the anthraquinone group, together with signatures between 1323 cm−1 and 1620 cm−1. The IR spectrum does not show the presence of signals referable to binders such as wax or oil that would have shown very strong -CH signals in the 2850–2950 cm−1 spectral range while the ones of the pastel sample’s spectrum are very weak at 2923 and 2856 cm−1. Thus, FTIR attested the use of pastels with high quantities of kaolin and bole and without any wax or oil binders.



It can be affirmed that the pastels used by Matta are produced by mixing ground pigments, a white filler such as kaolin, and a very small amount of binder such as gum Arabic. The powdered ingredients are then combined and rolled into sticks [43,44,45].



These pastels seem quite similar to those used by the artist Francis Bacon and found in his studio [46].



Gum Arabic in a very low amount is difficult to be revealed in the FTIR spectrum, also due to the presence of other materials in much higher concentration, such as kaolin.




3.5. Optical Microscopy and Scanning Electron Microscopy–Energy-Dispersive Spectroscopy (SEM-EDS) on Cross-Section


The observation under the optical microscope shows the sample cross-section (Figure 11) shows a spolvero paper (translucent sketching paper) support having a thickness between 40–60 µm appearing with a slightly brown color in reflected light (Figure 11D). Under UV radiation (Figure 11E) the paper has a strong light-blue fluorescence that is partially due to the cellulose of the paper and partially to the adhesive used for attaching the paper to the canvas support [47].



The sample was morphologically observed in secondary electrons (SE) modality and through backscattered electrons (BSE) (Figure 12) to map the chemical elements present in the areas examined, which differ according to their atomic number. The observation in BSE at 750× and 1600× shows that the upper layer appears clearer than the rest of the sample, suggesting the presence of heavier elements (Figure 12A,B).



Some white and grey agglomerates are visible within the section close to longitudinal cracks of the paper and close to the pictorial layer (Figure 12C,D). Micro EDS analyses were performed on 5 points relating to BSE images of Figure 12B and reported in Figure 13 (the numbering of the measurement points starts from 002 because of the SEM-EDS software settings).



As it can be seen in the EDS spectra reported for points 002 and 003 in Figure 14 (the spectra of points 004, 005 and 006 in Figure 13 are collected in Supplementary Materials, Figures S1–S3), carbon (C) and oxygen (O) are present in all measurement points as elements of the materials that make up the sample. In the clearest areas of the surface, it is always detected the presence of lead (Pb) and barium (Ba), which is generally present as filler added to contemporary colors in the form of sulphate. This hypothesis can be confirmed by the presence of sulfur (S) which in fact is always detected together with barium. Lead is the element present in the orange pigment of the pictorial layer associated with chromium (Cr) (spectrum 003 in Figure 14). This result confirms that the orange color used by Matta is the chrome orange generally reported in the literature with the formula PbCrO4∙PbO or PbCrO4∙Pb(OH)2 [29,30,36]. Two other elements determined in the surface layer (points 003, 004 and 005) are silicon (Si) and aluminum (Al). These elements can be associated with the pastel that, as shown by FTIR analysis, is constituted by a pigment/dye component and a clayey material such as kaolin, the latter being indeed a silicate containing aluminum.



Concerning the areas shown in Figure 12C,D, the EDS analysis revealed that iron is present only in some points and in low concentrations, confirming that the paper was not painted with iron-based pigments (Figures S4–S8 in the Supplementary Materials), as hypothesized by the restorers at the beginning of the intervention.





4. Conclusions


Contemporary art is often a complex matter in terms of material characterization, conservation practices and the study of degradation factors. In the 19th and 20th century, new and more free expressive research led many artists to introduce new chemical compounds as painting matter and used different materials as supports. Most of these experimentations disrupt the Western school’s painting tradition and invented new techniques as the Surrealism movement [48,49] which did not chase material immortality but were a manifesto of new artistic feelings, conceptual art or voice of reproach and condemnation in this perspective artists used also fragile and perishable materials as Matta did with the spolvero paper.



The diagnostic analyses allowed us to characterize the original painting materials and techniques used by Roberto Sebastian Matta to realize “For the victims to win”.



In fact, the type of pastel chosen by the artist is a stick consisting of pressed pigment combined with a very fine powder of kaolin, characterized through FTIR spectroscopy. The absence of both wax and oil binders makes these colors very soft and particularly dusty, much so to remember chalks rather than classic pastel shades for their blendability and consistency. This aspect made it difficult for Matta to obtain the cohesion of the pigments to the paper support, making the use of some spray fixative mandatory. SEM-EDS, XRF and Raman spectroscopy investigations completed the shaping of the color palette used by Matta for this artwork, mainly composed of iron-oxide based red, phthalocyanine blue and green, lead chromate yellow and orange, lithopone and titanium white.



Particularly interesting results came from IR and UV false color images and from spectral similarity maps provided by multispectral imaging analysis with the HMI technique. The false color analysis gave the first suggestions on pigment attributions, identifying typical UVFC and IRFC responses for lead chromate yellow, phthalocyanine pigments and lithopone, the presence of which was confirmed by spectroscopy in the limited punctual analyses done.



Multispectral and chromatic similarity maps helped to differentiate and locate pastels which were similar in visible light, as the dark red area in the upper body of the central figure, but have different spectral signatures, suggesting the use of a red pigment next to its mixture with the black color used for drawing all the outlines. The multispectral imaging technique proved to be a relevant tool for the rapid and non-invasive diagnostic survey of large artworks where a representative sampling would imply a great number of punctual analyses which is high cost and time consuming.



The diagnostic frame delivered through the integration of imaging and spectroscopy methods was fundamental to approaching a complex restoration intervention on the artworks which is presented in detail in another study soon to be published.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/heritage6030134/s1, Figure S1: Point 004 of analysis (painting layer in Figure 13) with the chemical elements found. Magnification 1600×; Figure S2: Point 005 of analysis (painting layer in Figure 13) with the chemical elements found. Magnification 1600×; Figure S3. Point 006 of analysis (painting layer in Figure 13) with the chemical elements found. Magnification 1600×; Figure S4. Point 002 of analysis (internal area of the section in the proximity of a crack, in Figure 12C) with the chemical elements found. Magnification 1300×; Figure S5. Point 003 of analysis (internal area of the section in the proximity of a crack, in Figure 12C) with the chemical elements found. Magnification 1300×; Figure S6. Point 004 of analysis (internal area of the section in the proximity of a crack, in Figure 12C) with the chemical elements found. Magnification 1300×; Figure S7. Point 002 of analysis (internal area of the section, area shown in Figure 12D) with the chemical elements found. Magnification 1900×; Figure S8. Point 003 of analysis (internal area of the section, area shown in Figure 12D) with the chemical elements found. Magnification 1900×.
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Figure 1. Central panel of For the victims to win, pastels on paper (180.3 × 405.1 cm). Calibrated and stitched RGB images with the color checker and the white targets. 
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Figure 2. Location of XRF spectroscopy points of analysis on the artwork For the victims to win. 
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Figure 3. Location of Raman analysis points on the artwork For the victims to win. 
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Figure 4. Comparison between the RGB (A), the IRFC (B) and the UVFC (C) images of the painting For the victims to win. 
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Figure 5. Result (B) of the application of chromatic similarity tool in the red color (white dot in the RGB image shown in (A)). 
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Figure 6. Result (B) of the application of chromatic similarity tool in the violet color (white dot in the RGB image shown in (A)). 
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Figure 7. RGB image (A) and result (B) of the application of NDI algorithm to calculate the difference between the UV and RGB channels and the three IR (IR1, IR2 and IR3) ones. 
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Figure 8. UVF image of the painting, after stitching the two different shots. 
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Figure 9. Raman averaged spectra of six different pastel-colored areas on the painting. (A) Raman spectrum of point P1 (black color); (B) Raman spectrum of point P2 (dark-blue color); (C) Raman spectrum of point P3 (rose/violet color); (D) Raman spectra of points P4 and P5 (light green and light blue colors respectively); (E) Raman spectrum of point P5 (light blue color); (F) Raman spectrum of point P6 (dark-green color). 
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Figure 10. FTIR spectrum of a red pastel from the collection of Matta’s workshop. 
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Figure 11. Micro-sample of Matta’s painting in correspondence of a small tear in the pictorial layer (A); front (B) and back (C) sides of the sample; optical microscope photography of the sample in cross-section at 100× magnification in reflected light (D) and under UV radiation (E). 
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Figure 12. SEM images in backscattered electrons: (A) view of the examined area at 750× magnification; (B) detail of heavier elements (whiter area) at the surface of the section at 1600×; (C) internal area of the section in the proximity of a crack, 1300×; (D) lighter agglomerates, 1900×. 
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Figure 13. SEM image in backscattered electrons previously shown in Figure 12B mapping the EDS measurement points on the sample. 






Figure 13. SEM image in backscattered electrons previously shown in Figure 12B mapping the EDS measurement points on the sample.



[image: Heritage 06 00134 g013]







[image: Heritage 06 00134 g014 550] 





Figure 14. EDS spectra of point 002 (left) and 003 (right) with relative abundance of detected elements. 
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Table 1. XRF elements detected in the painting. They are reported in descending order of cps (counts per second).
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	Point
	Color
	Detected Elements
	Hypothesized Pigments and Compounds





	X1
	Orange (clear)
	Pb, Ba, Cr, Zn, Ca, Fe, S, Sr, Ti
	Lead chromate orange, lithopone, elements of the paper, impurities



	X2
	Paper
	Fe, Ca, Ti, Ba
	Elements of the paper, impurities



	X3
	Green
	Ba, Fe, Br, Ca, Sr, Cu
	Barium white, probable Cu-phthalocyanine, elements of the paper



	X4
	Black
	Cr, Ba, Fe, Ca, Mn, Zn, Cu, Ti, S
	Lithopone, elements of the paper, impurities



	X5
	White
	Zn, Ti, Fe, Ba
	Zinc white, titanium white, impurities



	X6
	Orange (dark)
	Ba, Fe, Pb, Zn, Cr, Ca, Sr, S
	Lead chromate, lithopone, elements of the paper



	X7
	White
	Zn, Ti, Fe, Ca, S
	Zinc white, titanium white, elements of the paper



	X8
	Red (dark)
	Fe, Ba, Ca, Pb, Cr, Zn, Sr, S
	Fe-based pigment, lithopone, lead chromate, elements of the paper



	X9
	Blue (dark)
	Fe, Ba, Cu, Ca, K, Sr, S
	Barium white, possible Cu-phthalocyanine, elements of the paper



	X10
	Yellow
	Pb, Ba, Cr, Zn, Fe, Ca, Sr, S
	Lead chromate yellow, lithopone, elements of the paper



	X11
	Orange (bright)
	Pb, Cr, Ca, Ba, Fe, S
	Lead chromate orange, barium white, elements of the paper



	X12
	Grey
	Ba, Zn, Fe, Ca, K, Sr
	Lithopone, elements in the paper



	X13
	Paper
	Fe, Ca, S
	Elements of the paper



	X14
	Paper (white zone)
	Fe, Ca, Cr
	Elements of the paper with traces of Cr from the painting



	X15
	Green (emerald)
	Ba, Br, Fe, Sr, Cu, Ca, Zn, K, S
	Lithopone, Cu-phthalocyanine, elements of the paper



	X16
	Red/magenta
	Ba, Fe, Sr, Ca, S
	Barium white, elements of the paper



	X17
	Pink
	Ba, Fe, Sr, Ca, S, Br
	Barium white, elements of the paper



	X18
	Blue (clear)
	Ba, Zn, Fe, Sr, Mn, Cu, Ca, S
	Lithopone, possible Cu-phthalocyanine
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