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Abstract

:

Imaging methods based on visible luminescence induced by ultraviolet (UV) radiation are well consolidated in the investigation of ancient works of art, to map varnishes, retouches, and possibly some pigments. As far as contemporary art is involved, the wide range of synthetic materials, especially pigments, introduced from 1850 onwards, makes the possible application of the technique particularly challenging. Among the colouring substances used by artists in the 19th and 20th centuries, only cadmium-based pigments received attention due to their typical near-infrared luminescence. Nevertheless, the fluorescence emission exhibited by several synthetic pigments upon visible excitation was recently demonstrated and confirmed using UV radiation in the present work. The subsequent possibility of individuating such materials in paintings by ultraviolet fluorescence (UVF) images was explored on mock-up painting samples of a wide series of pigments dispersed in oil or acrylic binder. Visible and infrared luminescence images obtained by irradiating with visible radiation (VIVF and VIL) were also collected. It was thus evidenced the possible advantage of the choice of a different excitation wavelength in discriminating between the contributions of pigment and binder. Finally, a recent oil painting on panel was also examined as case study.
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1. Introduction


In art conservation, visible luminescence induced by UV radiation has been a well-known and widely exploited phenomenon since the 1930s [1,2,3,4,5,6,7]; long wave UV-A lamps (365 nm emission peak) are traditionally used to non-invasively map the distribution of varnishes, retouches, and in some case for the preliminary mapping of specific pigments. In the following years the technique was consolidated [8,9,10,11,12,13,14] and the newly introduced digital cameras allowed the acquisition of more detailed images with more information with a better ability in characterization of the painting outer layers. The traditional approach consists in using the 365 nm excitation band and recording the visible luminescence similarly to what is seen by the eyes in the direct examination. Thanks to the relatively short wavelength of the UV radiation with an intrinsic limited capacity in the penetration of lower painting layers, fluorescence is mainly used in the examination of external layers, constituted more often by varnishes than by binders and pigments.



The introduction of other bands of excitation was firstly aimed to the qualitative characterization of cadmium-based pigments [15,16] and for the Egyptian blue [17,18,19] using the visible luminescence in the infrared. An attempt to the standardization of the procedure was made by different authors [20,21,22,23,24] and with a UV reference standard proposal [25] since the methodology is highly dependent on the setup employed. In addition, the results obtained both from imaging and spectrophotometric analyses contain unavoidably the contributions of several materials, such as varnishes, binders, pigments, and their ageing products. Considering contemporary paintings, the introduction of synthetic materials both as binders and pigments added to the evaluation of fluorescence spectra and images a further complexity for the materials characterization. Nevertheless, the application of spectrofluorimetry with visible excitation was recently suggested [26] as a useful method for the identification of synthetic organic pigments, manufactured starting from the second half of the 19th century [27], and nowadays, the preponderant colouring substances used in artists paints. Indeed, several analytical techniques have been proposed for the investigation of this wide class of colouring materials, in particular Raman spectroscopy [28], X-ray diffraction [29], liquid chromatography [30], and different methods based on mass spectrometry, such as pyrolysis-gas chromatography–mass spectrometry [31], direct temperature-resolved mass spectrometry [32], laser desorption ionization mass spectrometry [33], and secondary ion mass spectrometry [34]. It is worth noting that, among the above cited techniques, only Raman spectroscopy is suitable for totally non-invasive analyses on paintings. Despite this, even this last technique may prove to be inapplicable when the aged binder (in particular in the case of the drying oil), or in some cases the pigment itself, gives rise to a significant emission of fluorescence which hides the Raman signals. For this reason, as reported above, other non-invasive techniques such as spectrofluorimetry can be of help in the identification of synthetic organic pigments in contemporary paintings and, besides point analyses, imaging methods can in principle give a comprehensive view of their distribution in the same paintings.



As for imaging techniques, the range of excitation is still often limited to the 365 nm wavelength. It is worth noting that such a limitation can be particularly troublesome in the case of painting materials, both ancient and modern, due to the high fluorescence of varnishes and binders that covers the contribution emitted by pigments.



In this research a multiband approach in the investigation of contemporary art materials is presented using different wavelengths of excitation, a set of mock-ups, and a contemporary art painting. Results were compared with those obtained by spectrofluorimetry to check the colour of the fluorescence emission, its dependence on binder/pigment ratio, and to verify the presence of other excitation bands, different to those traditionally used in imaging techniques to help scientist and conservators in the study and mapping of painting materials.




2. Materials and Methods


2.1. Mock-Ups and Contemporary Painting


Mock-up painting samples were prepared by spreading on canvas pure pigments mixed with linseed oil (clarified) or acrylic (Primal) binder in ratio 3:1, slightly adjusted according to the rheological properties of the obtained mixture. Pure powder pigments were partly purchased from Kremer (Aichstetten, Germany) and from a local paint shop (Colorificio Pecchio, Milano, Italy) and partly kindly donated by Maimeri (Milano, Italy). Linseed oil was purchased in a local paint shop, while Primal® AC35 was bought from Kremer (Aichstetten, Germany). For all the examined pigments, paints were prepared with both binders. Just for four of them, namely, PR3, PR108, PR112, and PY35, only mock-ups obtained with oil binder will be shown below. Two Maimeri commercial oil paints containing pigments in mixture were also examined.



The oil painting on panel “Addetta near Zoate”, examined in the present work, was realized by the Italian landscape painter Giuseppe Faraone and dates to 2011. It represents a view of a canal named Addetta that flows across the southern countryside of Milan.




2.2. Multiband Imaging Methods


Visible and multiband luminescence images were acquired with a digital single-lens reflex (DSLR) Nikon D810, modified to extend the sensitivity from 350 nm to 1000 nm and coupled with a Nikkor 50 mm f/1.8 D AF-S. Images were shot as 16-bit RAW files of 7360 × 4912 pixels. The lighting was chosen according to the different purposes and different filters were mounted on the lens to correctly acquire the images as described below and having specific transmittance characteristics as shown in Figure 1.



	
Visible images (Vis): for the visible images were used two 35 W led light panels (Dörr Led DLP-600 Neu-Ulm, Germany), with diffused light and placed symmetrically at 45° to the painting surface. UV/IR cut filters were used to select radiation in the visible range.



	
Visible fluorescence induced by UV radiation (UVF): mock-ups and painting were irradiated with two 365 nm (±10 nm) UV LED lamp, each of 3 W (Madatec Srl, Milan, Italy). A high-pass filter having a cut-on wavelength of 420 nm together with a UV/IR cut filter were used to reduce the contribution of the even small reflection by the painting of the blue component emitted by the UV sources.



	
Visible fluorescence induced by visible radiation (VIVF): a 3 W LED light source with emitting wavelength of 400, 440, and 530 nm (±10 nm) W (Madatec Srl, Milan, Italy) used combined respectively with a 480 nm and 720 nm high-pass filters were used in order to exclude the reflected part of the excitation radiation.



	
Infrared luminescence induced by visible radiation, mostly known as visible induced luminescence (VIL) [17]: a 35 W led light panels (380–780 nm, Dörr Led DLP-600 Neu-Ulm, Germany) and a 3 W 440 nm led light (Madatec Srl, Milan, Italy) were respectively used in combination with an 850 nm high-pass filter.






For the fluorescence images acquired it was necessary to set up a reasonable post-production process. Using long-pass-coloured filters (cut on wavelength = 420 nm and 480 nm), inevitably a chromatic alteration is added to the acquired image. Moreover, fluorescent colorimetrically-correct standards comparable to those commonly used for Vis are not available, except for what concern RGB values [25]; thus, the procedure of colour correction is challenging. An attempt to perform a colour correction was made using four non-fluorescent grey references. They are four Spectralon® (Labsphere, North Sutton, NH, USA) multi-step targets of 99, 50, 25, and 12% reflectance mounted side-by-side (Figure 2, bottom-right position of each mock-up). Since they are not fluorescent, we assume that for UVF and VIVF images, RGB channels should have same values in correspondence of grey targets. Post-processing was then performed by requiring same RGB values for RAW images in Adobe Camera Raw software. Additionally, an Xrite Colorcheker® (Grand Rapids, MI, USA) was used for the colour management of the Vis images (Figure 2).




2.3. Spectrofluorimetric Analyses


Spectrofluorimetric analyses were performed using a custom-made portable microprobe. It was equipped with an Olympus 20× objective and connected by an optical fibre to a Lot Oriel MS125 spectrometer (grid 400 lines/mm) provided with an Andor CCD detector (1024 × 128 pixel) cooled by means of a Peltier device. The wavelength calibration of the spectrometer was performed using the emission spectrum of a neon lamp. For UV excitation, a LED source emitting at 365 nm with a power of 5.5 mW was used. The radiation from the source is sent on the measurement area with an incidence angle of 45° and the emitted radiation is collected through the objective of the above-described microprobe. The spectra were acquired as sum of 30 scans with an exposure time of 2 s and the analyses were preceded by the acquisition of a background spectrum in dark conditions.





3. Results and Discussion


The synthetic organic pigments examined in the present work are listed in Table 1 with the corresponding chemical structures and experimental results of both spectrofluorimetric and imaging analyses, which will be discussed in detail below.



3.1. The Effect of Chemical Structure of Organic Pigments


Figure 3a,c shows a series of synthetic organic pigments belonging to different chemical classes, spread on canvas in oil and acrylic binder. Figure 3b,d shows the images of the same mock-up painting samples irradiated with UV light at 365 nm. Pigments of different hues are considered and exhibit different behaviours in the imaging analysis, as detailed below.



It should be emphasized that differences among the concentrations of pigments in the mock-ups and the effect of the different binders must be considered. In fact, it is well known that the emission intensity of fluorescent compounds increases with increasing concentration of the emitter, but this tendency can be inverted for higher concentrations of the compound, due to self-absorption [35]. On the other hand, as discussed below, the contribution of the binder emission must also be taken into account, particularly for linseed oil. For this reason, only those pigments that give an evident fluorescence in the images, preferably both in painting layers with oil and acrylic binder, will be regarded as identifiable by the imaging technique.



	
Blue and green pigments






The two phthalocyanine blue pigments PB15:1 and PB16, the indanthrone blue PB60 and the metal complex naphthalenolate green PG8 are not fluorescent in the visible region (Figure 3b). For PB15:1, PB60 and PG8 these observations agree with the results of the spectrofluorimetric analysis with UV excitation, where the three pigments did not show any emission. On the contrary, PB16, the other phthalocyanine blue pigment, gave a weak emission at about 870 nm, as already observed upon visible excitation for paint layers containing the same pigment [26].



	
Red and orange pigments.






In the painting layers of the examined mock-ups, several organic pigments of this hue are present. In the corresponding images obtained at 365 nm, a remarkable UV- induced fluorescence was observed for the β-naphthol pigment PR57:1 (Figure 3b), for the perinone orange PO43 (Figure 3b), and, in particular, for the quinacridone magenta PR122 (Figure 3c). To a lesser extent, fluorescence was also detected in the UVF image for the β-naphthol red PR3 (Figure 3d). Interestingly, of the two mock-up paints containing this pigment and shown in Figure 3, the brighter image is obtained for the more diluted one, due to the contribution of the oil binder (see below). The remaining red/orange pigments were not observed in the UVF image. In fact, thioindigo PR88, naphthol AS PR170, anthraquinone PR177, perylene PR179, and quinacridone PR206 did not yield any emission spectrum upon excitation at 365 nm, as already observed for visible excitation [26]. Naphthol AS PR9 and PR112 and pyrrole red PR254 showed instead emission maxima between 630 and 638 nm (Figure 4 and Figure 5), but with an intensity apparently weaker in comparison with the emission of pigments that were brighter in the UVF image (see Figure 3b,d). A similar consideration can be made for the benzimidazolone orange pigment PO36 (data not shown), whose emission spectrum shows a maximum at about 618 nm, but with a significantly lower intensity in comparison with PO43.



	
Yellow pigments.






In the images obtained by excitation at 365 nm, a characteristic yellow UV-induced luminescence is observed for the isoindoline yellow PY139 (Figure 3b), in agreement with its strong fluorescence band at 572 nm (Figure 4). A weaker luminescence is detected for the isoindolinone pigment PY110 (Figure 3d) and even weaker for the diarylide pigment PY83 (Figure 3b), again in accordance with the relative intensity of the emission bands (Figure 4 and Figure 5). Finally, UV-induced luminescence cannot be observed for the acetoacetic arylide pigments PY1 and PY74, the isoindolinone PY109 and the benzimidazolone yellow PY151, as expected due to their weak (for PY1, PY74, and PY109) or completely absent (for PY151) fluorescence emission (Figure 4 and Figure 5).



	
Violet pigments.






For the dioxazine violet pigments PV23 and PV37 no remarkable emission could be detected in the specrofluorimetric measurements upon UV excitation, differently from what reported for the same pigments upon visible excitation at 562 nm [26]. Accordingly, they do not give rise to an appreciable fluorescence in the two UV images (Figure 3b,d). On the contrary, the quinacridone violet PV19 in the γ form can be easily distinguished thanks to its red-coloured fluorescence, consistent with the emission maximum at 665 nm (Figure 5). Additionally, the β form of the same pigment, whose emission maximum is located at 615 nm, gives a characteristic purple-red fluorescence. Figure 6a shows, for example, two painting models obtained from commercial paints containing respectively a mixture of PV19 (βform) and PR206 and a mixture of the same PV19 and PR254. In both cases the emission due to quinacridone violet is observed (Figure 6b,c), as the other two components are not, or just weakly, fluorescent (see the discussion about red pigments).




3.2. The Multiwavelength Approach and the Effect of the Binder


It is well known from spectrofluorimetry that emission measurements are characterized by a significant selectivity, due to three main reasons: (1) the fact that not all compounds are fluorescent; (2) the possibility of choosing different excitation wavelengths; and (3) the fact that different compounds exhibit different emission maxima upon excitation at a given wavelength. Therefore, it is of interest to compare the result of the images acquired using different excitation bands and different acquisition ranges. As an example, Figure 7 shows the fluorescence images of several synthetic organic pigments with linseed oil binder. PR3 and PY110, on top left of the canvas, gradually loose intensity of fluorescence passing from UV to visible excitation, indicating a strong contribution due to the binder. Similarly, PR122 shows a weaker emission but a significant fluorescence can be acquired up to 720 nm. PY109 and PY151, that as reported above could not be observed in the image obtained upon 365 nm excitation, exhibit a visible fluorescence when excited al 530 nm. Finally, PY35 and PR108 show a significative fluorescence emission at wavelengths longer than 720 nm in the visible and in the near infrared, as will be detailed below.



To examine in more detail the effect of the two different binders, the emission spectra of linseed oil and acrylic medium were acquired upon excitation at 365 nm (Figure 8). Evidently, both binders exhibit a maximum of fluorescence emission around 500 nm, but it is much weaker for the synthetic binder.



As anticipated above, of course such emission contributes to the fluorescence acquired in the UVF images, as shown in Figure 9 for painting samples containing the very fluorescent quinacridone magenta PR122.



In Figure 9b, the image obtained with the 365 nm UV light source shows a considerable contribution of the greenish emission of the oil binder, superimposed on the red one due to the pigment. The effect is much less evident for the painting samples with acrylic binder, coherently with the weaker emission shown by the latter, as discussed above. As already detailed above, the choice of a different excitation wavelength, namely, 440 nm, shows the fluorescence of the pigment in comparison with that of the binder, whose absorption is centred in the near UV (Figure 9c). Interestingly, for PR122 with oil binder, two painting layers are shown in Figure 9c, one of which is more diluted than the other and exhibits a brighter image not only upon UV excitation when the effect of the binder is more relevant, but also upon visible excitation. This fact suggests that, as already reminded above, the effect of self-absorption by the pigment must also be taken into account.




3.3. Cadmium-Based Pigments


Among inorganic pigments used in contemporary art, cadmium yellow, orange, and red ones have a relevant role. They are cadmium sulphides or sulphoselenides and their NIR luminescence has been documented, both with UV and visible excitation [6,16,26,36,37] This property can be observed for cadmium yellow PY35 and cadmium red PR108 in the VIVF image with excitation band at 530 nm (Figure 10b) but is even more evident in the image obtained with 440 nm illumination and filtering above 850 nm (Figure 10c).




3.4. Case Study: the Painting “Addetta Near Zoate” by Giuseppe Faraone (2011)


This oil painting on panel (Figure 11a) displays a wide chromatic range, suggesting the use of several different pigments possibly also in mixture.



In previous studies on the same painting, performed by Raman spectroscopy, visible reflectance, and visible-induced spectrofluorimetry [26,38], it was possible to identify: phthalocyanine PB15:1 and ultramarine PB29 as blue pigments; phthalocyanine PG7 and nitroso green PG8 in green areas, together with cadmium yellow PY35 in yellowish green details; dioxazine PV23 for violet flowers and in mixture with ultramarine in dark blue shadows; benzimidazolone orange PO60 for red flowers and for the artist’s signature; and, finally, perinone orange PO43 in pink details of the clouds.



In the present work, the spectrofluorimetric analysis upon UV excitation did not allow the observation of any emission for blue, green, and violet pigments, as expected (see above), while for the red details, the spectrum showed a maximum around 600 nm, similarly to what was observed with visible excitation [26]. A peculiar result was obtained for the pink details in clouds. As shown in Figure 12, the emission spectrum excited at 435 nm is dominated by an intense and broad band centred approximately around 615 nm, which could be assigned in the previous study to PO43, while the pattern obtained with 365 nm excitation is quite different. In fact, besides the emission at about 510 nm due to the oil binder (see Figure 8), a second band is observed around 565 nm, suggesting the presence also of a yellow pigment, possibly PY139 (see above). UV excitation seems therefore to favour the response of the isoindoline yellow in comparison with the perinone orange, whose fluorescence instead prevails with visible excitation. Quite interestingly, commercial artists paints based on a mixture of the two pigments are indeed available [39].



The imaging analysis, when illuminating at 440 nm and filtering from 480 nm, showed a marked red fluorescence in the detail of the clouds (and also in the middle part of the canal bank) (Figure 11c, red sections), in agreement with the presence of PO43. Instead, the contribution of PY139 is more difficult to distinguish in the image obtained by illuminating at 365 nm, due to the significant emission of the oil binder (Figure 11b). Finally, in the image resulting from illumination at 440 nm and filtering above 850 nm, the presence of cadmium yellow PY35, confirmed by spectroscopic analyses [26], is well evident in the lighter areas of the lawn and the willows, as well in the shadow of the right willow on water (Figure 11d, yellow sections).





4. Conclusions


In the present work, the applicability of imaging methods, integrated or combined with the collection of UV-induced emission spectra, to materials of contemporary art, in particular synthetic organic pigments, was explored on mock-up painting samples. It could thus be demonstrated that some pigments, widespread in contemporary artists’ colours, are characterised by a particularly strong emission, allowing for their observation in the corresponding UVF images. This is the case of quinacridone magenta and violet PR122 and PV19, β-naphthol reds PR3 and PR57:1, perinone orange PO43, isoindole yellow pigments PY139 and PY110, and diarylide yellow PY83. On the contrary, within the series of colouring compounds here examined by imaging techniques, it was not possible to observe pigments belonging to the families of naphthol AS reds, benzimidazolone orange and yellow, and acetoacetic arylide yellows. Nevertheless, a direct relationship between the molecular structure of a pigment and the possibility of detecting it in a painting layer thanks to its luminescence emission can be established only cautiously, as it is well known that the packing effects can sometimes quench in the solid state the fluorescence exhibited in solution by molecules with similar structures [40]. A wider number of pigments representing each class should be investigated in perspective to verify such relationship. As regards blue and green pigments, most of them, in particular phthalocyanine ones, could not be detected in the images as expected due to their lack of fluorescence emission presumably associated, at least for copper phthalocyanines, to the quenching effect of the paramagnetic transition metal ion [35].



Moreover, the effects of the concentration of the pigments in the painting samples and of the contribution of binders were considered. The former involves that, because of the self-absorption phenomenon, the emission of luminescent pigments upon visible excitation tends to be stronger for more diluted layers, at least for painting samples where the concentration of the emitter is appreciable; on the other hand, upon UV excitation, the image of a more diluted layer can appear brighter also due to a higher proportion of the binder. Indeed, it was also evidenced that the binders, especially oil, exhibit their own fluorescence emission, which adds up to that of the colouring molecules. In this respect, the possible advantage of using VIVF images was also considered, resulting in a reduced contribution of the binder (especially in the case of oil) to the observed luminescence. The multi-wavelength approach proved to be powerful to highlight the luminescence due to the analyte in comparison with that of the binder. The usefulness of VIL (or VIL with a proper combination of filters) for the detection of cadmium-based pigments, among the most important inorganic colouring substances in contemporary art, was also confirmed. The investigation of a recent oil painting on panel by the landscape painter G. Faraone was proposed as proof of concept of the application of the imaging methods combined with spectrofluorimetric analyses, allowing in particular for the identification of perinone orange PO43 (in mixture with isoindoline yellow PY139) and of cadmium yellow PY35.



In this way, the effectiveness of the integrated approach based on imaging and spectrofluorimetry was evidenced. Indeed, imaging techniques are useful to select the areas of a painting to be examined by further point spectroscopic analyses. On the other hand, besides allowing a more specific interpretation of imaging results, spectrofluorimetric analyses integrate such results for those pigments that are only weakly fluorescent and are not detected by imaging due to the limited sensitivity of the technique. Therefore, the proposed approach can contribute to the identification of colouring materials in a contemporary painting, complementing other more specific, but not always applicable, spectroscopic techniques.
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Figure 1. Spectral transmittance factors of the optical filters used to remove the excitation wavelengths from the acquired images. 
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Figure 2. Overview of all the mock-ups (a–c) with different combination of pigment and binders and a painting used in this work (d). For each panel, reference targets were positioned bottom-right consisting of: Spectralon® multi-step targets of 99, 50, 25, and 12% reflectance used as non-fluorescent materials to set the correct RGB and Xrite Colorcheker® for the colour management of the Vis images. 
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Figure 3. (a,c) visible images of a series of mock-up painting samples on canvas of synthetic pigments in oil and acrylic binder; (b,d) UVF images. Note: the two mock-ups shown in (c) for PR3 contains a different concentration of the pigment, which is present in a higher amount in the mock-up on the second row. 
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Figure 4. Emission spectra (λλlexc 365 nm) of painting layers shown in Figure 3a and containing red, orange, and yellow synthetic organic pigments dispersed in linseed oil binder. 
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Figure 5. Emission spectra (λexc 365 nm) of painting layers shown in Figure 3c and containing red, yellow, and violet synthetic organic pigments dispersed in linseed oil (PR3, PR122, PY109, PY110, and PV19) or acrylic binder (PY74, PR9, and PR112). For PR122 the band intensity was reduced by a factor of 10 for better comparison with the other pigments’ spectra. The highest intensity value reported in the figure is about 1/5 of the maximum value reported in Figure 4. 
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Figure 6. (a) Visible image of two samples of commercial oil paints containing respectively a mixture of PV19 and PR206 and a mixture of PV19 and PR254; (b) UVF images; (c) emission spectra (λexc 365 nm) of painting layers shown in (a). The maximum intensity value reported in (c) is about 1/2 of the highest value in Figure 4. 
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Figure 7. Multiwavelength fluorescence images obtained using UV and Vis excitation, showing the differences in colour and intensity of the emissions of some mock-up paint samples on canvas obtained from synthetic organic pigments mixed with linseed oil. 






Figure 7. Multiwavelength fluorescence images obtained using UV and Vis excitation, showing the differences in colour and intensity of the emissions of some mock-up paint samples on canvas obtained from synthetic organic pigments mixed with linseed oil.



[image: Applsci 12 00094 g007]







[image: Applsci 12 00094 g008 550] 





Figure 8. (a) Emission spectra (λexc 365 nm) and (b) visible and UVF images of linseed oil and acrylic resin spread on canvas. 
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Figure 9. (a) Visible image of painting layers on canvas containing quinacridone magenta PR122 in acrylic resin and in linseed oil. For the latter binder, two slightly different concentrations of the pigment were used, decreasing from left to right; (b) UVF image; (c) VIVF image. 
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Figure 10. (a) Visible image of painting layers on canvas containing cadmium yellow PY35 and cadmium red PR108 in linseed oil; (b) UVF image; (c) VIVF image with λexc 530 nm, λacq > 720 nm; (d) VIL image obtained by 440 nm excitation light. 
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Figure 11. (a) Visible image of the painting “Addetta near Zoate” (G. Faraone, 2011); (b) UVF image; (c) VIVF image (exc 440 nm); (d) VIL image (exc 440 nm). 
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Figure 12. Emission spectra of the pink hue of the clouds in the painting “Addetta near Zoate” by G. Faraone with excitation at 365 and 435 nm (solid lines), and of painting samples of PY139 and PO43 with linseed oil (dashed lines) shown for comparison. 
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Table 1. Chemical structures, wavelength of the emission maxima measured by spectrofluorimetry and the corresponding colour of emission observed in the RGB images for synthetic organic pigments examined in the present work when excited with 365 nm radiation.
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	Pigments
	Chemical Structure
	Common Name
	Manufacturer
	Binder
	Emission Maximum (nm)

(λexc = 365 nm)
	Colour of Emission





	Yellow
	
	
	
	
	
	



	PY1
	 [image: Applsci 12 00094 i001]
	Hansa Yellow G
	Maimeri
	Oil/acrylic
	539 nm
	Yellow



	PY35
	CdS
	Cadmium Yellow
	Zecchi
	Oil
	690 nm
	NIR *



	PY74
	 [image: Applsci 12 00094 i002]
	Arylide Yellow 5GX
	Kremer
	Oil/acrylic
	540 nm
	n.m.



	PY83
	 [image: Applsci 12 00094 i003]
	Diarylide Yellow HR
	Maimeri
	Oil/acrylic
	575 nm
	Dark yellow



	PY109
	 [image: Applsci 12 00094 i004]
	Isoindole Yellow
	Kremer
	Oil/acrylic
	535 (+580 sh) nm
	n.m.



	PY110
	 [image: Applsci 12 00094 i005]
	Isoindolinone Yellow
	Kremer
	Oil/acrylic
	630 nm
	Dark red



	PY139
	 [image: Applsci 12 00094 i006]
	Isoindoline Yellow
	Maimeri
	Oil/acrylic
	571 nm
	Dark yellow



	PY151
	 [image: Applsci 12 00094 i007]
	Benzimidazolone Yellow H4G
	Kremer
	Oil/acrylic
	538 nm
	n.m.



	Orange
	
	
	
	
	
	



	PO36
	 [image: Applsci 12 00094 i008]
	Benzimidazolone Orange HSL
	Maimeri
	Oil/acrylic
	623 nm
	n.m.



	PO43
	 [image: Applsci 12 00094 i009]
	Perinone Orange
	Maimeri
	Oil/acrylic
	623 nm
	Orange



	Red
	
	
	
	
	
	



	PR3
	 [image: Applsci 12 00094 i010]
	Toluidine Red
	Kremer
	Oil
	628 nm
	Red



	PR9
	 [image: Applsci 12 00094 i011]
	Naphthol AS Red
	Kremer
	Oil/acrylic
	616 nm
	Dark red



	PR57:1
	 [image: Applsci 12 00094 i012]
	Lithol Rubine
	Maimeri
	Oil/acrylic
	657 nm
	Dark red



	PR88
	 [image: Applsci 12 00094 i013]
	Thioindigoid Violet
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PR108
	CdS
	Cadmium Red
	Zecchi
	Oil
	796 nm
	NIR *



	PR112
	 [image: Applsci 12 00094 i014]
	Naphthol Red AS-D
	Kremer
	Oil
	637 nm
	n.m.



	PR122
	 [image: Applsci 12 00094 i015]
	Quinacridone Magenta
	Pecchio
	Oil/acrylic
	670 nm
	Orange/red



	PR170
	 [image: Applsci 12 00094 i016]
	Naphthol Red AS
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PR177
	 [image: Applsci 12 00094 i017]
	Anthraquinone Red
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PR179
	 [image: Applsci 12 00094 i018]
	Perylene Maroon
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PR206
	 [image: Applsci 12 00094 i019]
	Quinacridone Burnt Scarlet
	Maimeri
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PR254
	 [image: Applsci 12 00094 i020]
	Pyrrole Red
	Maimeri
	Oil/acrylic
	630 nm
	n.m.



	Blue
	
	
	
	
	
	



	PB15:1
	 [image: Applsci 12 00094 i021]
	Phthalocyanine Blue
	Maimeri
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PB16
	 [image: Applsci 12 00094 i022]
	Phthalocyanine Turquoise
	Maimeri
	Oil/acrylic
	860 nm
	n.m.



	PB60
	 [image: Applsci 12 00094 i023]
	Indanthrone Blue
	Maimeri
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	Green
	
	
	
	
	
	



	PG7
	 [image: Applsci 12 00094 i024]
	Phthalocyanine Green
	Maimeri
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PG8
	 [image: Applsci 12 00094 i025]
	Nitroso Green
	Maimeri
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	Violet
	
	
	
	
	
	



	PV19
	 [image: Applsci 12 00094 i026]
	Quinacridone Violet
	Kremer (γ form)

Maimeri (β form)
	Oil/acrylic Oil
	β: 664 nm

γ: 600 nm
	Dark red



	PV23
	 [image: Applsci 12 00094 i027]
	Dioxazine Violet
	Maimeri
	Oil/acrylic
	n.d.
	n.m.



	PV37
	 [image: Applsci 12 00094 i028]
	Dioxazine Violet
	Maimeri
	Oil/acrylic
	n.d.
	n.m.



	Brown and black
	
	
	
	
	
	



	PBr23
	 [image: Applsci 12 00094 i029]
	Disazo Brown
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	PBk1
	 [image: Applsci 12 00094 i030]
	Aniline Black
	Kremer
	Oil/acrylic
	Not fluorescent
	Not fluorescent



	Binders
	
	-
	
	
	
	



	Oil
	-
	-
	
	
	507 nm
	Greenish yellow



	Acrylic
	-
	-
	
	
	498 nm
	Greenish yellow







n.d.: Not detected due to the superimposition of the 1st overtone of the exciting radiation at 730 nm; n.m.: non measurable through imaging technique due to the low intrinsic sensitivity of the method. (*): for this pigment the image of the emission in the NIR was obtained by Vis short wavelengths excitation in the 400–440 nm range.
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