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Abstract Acrylic colors are mixtures of several components that can be identified as pig-
ments, binders, and fillers, so that, when analyzed, the characteristic response of the different
components may not be recognizable. This limits the accuracy of spectroscopic techniques,
nonetheless particularly useful as they are noninvasive and can be applied in situ on real
artworks. Here, a method is proposed to chemically separate and identify the different com-
ponents of acrylic colors, in order to be able to study their spectroscopic response separately,
in particular by ultraviolet–visible–near-infrared diffuse reflectance. The results clearly show
that the chemical and analytical method developed here is fully reliable, with the advantage
of clearly separating the response of the different components without any change of their
chromatic/chemical properties. As a case study, the new method is applied here to original
acrylic colors used by the Italian artist Ico Parisi, in view of building a spectra database.

1 Introduction

The correct conservation and restoration of a painting requires the exact knowledge of the
materials used by the artist. In recent years, in situ, noninvasive spectroscopic techniques have
played an increasingly important role in art conservation. It has been extensively demonstrated
that the synergic use of different spectroscopic methods helps to gain a deep understanding
of the material composition of art objects while fully respecting their integrity and value.
Moreover, the imaging and mapping systems (e.g., X-ray fluorescence scanner and hyper-
spectral cameras) play a relevant role as they give information about the materials distributed
on large areas of studied samples.

To identify and characterize the different pictorial materials, among the many ana-
lytical techniques, diffuse reflectance spectroscopy in the ultraviolet–visible–near-infrared
(UV–Vis-NIR) spectral range, about 200–2500 nm [1–3], has proven to be a powerful one,
when applied in both laboratory and in situ on real artworks. If accurate in situ studies of
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real artworks over a wide spectral range is an important tool for historians and restorers, who
need rich amounts of reliable data, it is mandatory to develop in laboratory experimental
procedures on “known” samples to build databases to refer to.

In modern artworks, it is common to find acrylic colors which binders are hard to be
precisely identified, because different acrylic polymers contain the same functional groups,
like –OH, –CH, –C=O, and –CH3, and therefore, they have similar NIR spectra. For these
reasons, literature papers about diffuse reflectance spectroscopy applied to works of art are
principally aimed at understanding the characteristic response of pigments in the UV–Vis
and the one of the binder in the NIR range. However, it has been recently demonstrated
that in the NIR region the response of the polymeric binder can sometimes cover charac-
teristic peaks of the pigments [4], thus impeding their precise identification. This may be a
particularly relevant problem when the pigments are unrecognizable just by their UV–Vis
spectra and other techniques are not conclusive; a typical example is the study of green
compounds, mainly copper-based, which give similar results when analyzed by elemental
analysis and UV–Vis spectroscopy, independently of the pigment composition [5–7]. To
address the problem of separation and analysis of composite materials, including acrylic
colors, some experimental techniques requiring complex experimental setup and procedures
are well assessed in the literature (size exclusion chromatography–Fourier transform infrared
spectroscopy SEC–FTIR, pyrolysis–gas chromatography–mass spectrometry Py–GC–MS)
[8], while easier and simpler methods are still lacking.

In such a wide frame, the aim of this paper is twofold. First, it is aimed at developing
a simpler method for the chemical separation of the components of acrylic colors, usually
a mixture of binder, pigments, and fillers. A careful comparison between the spectroscopic
response of the starting color obtained from various complementary techniques (such as
UV–Vis–NIR diffuse reflectance, attenuated total reflection (ATR)-FTIR spectroscopy in
mid-infrared (MIR) region, and Raman spectroscopy) and that of the extracted components
is proposed to get full validation of the separation process. The second goal is demonstrating
the possibility to build a database of reference spectra, to be used for future analysis and
correction of the spectra collected in situ on real artworks. The proposed extraction method
and spectroscopic analysis have been applied to original colors collected from tubes belonged
to Domenico “Ico” Parisi (Palermo 1916–Como 1996), an Italian architect, designer, and
painter.

2 Experimental

Two different acrylic colors used by Ico Parisi, found in his studio still within their original
tubes and untouched since the 70 s, have been studied. The first color is a “cobalt blue”
made by Liquitex which contains C.I. Pigment Blue (PB) 28 (cobalt aluminate blue spinel
CoAl2O4); the good preservation of the tube permits to recover some fluid color samples.
The second color is a “cadmium red light” by Liquitex, containing C.I. Pigment Red (PR)
108 (cadmium selenosulfide CdS\CdSe); in this case, it was possible to extract just a bulk
dry color sample. No indication about the exact composition of the binder is available for
any of the colors in the tubes. Nonetheless, it is known [9] that Liquitex used aqueous acrylic
emulsions with principally two different mixtures of polymers: in earlier times a blend of
methyl methacrylate (MMA) and ethyl acrylate (EA), that polymerize in p(EA\MMA), and
later a blend of MMA and n-butyl acrylate (nBA), that polymerize in p(nBA\MMA).
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For comparison, commercial modern pigments in powder form with the same C.I. generic
name (PB28 for “blu cobalto,” bought from CTS Srl, and PR108 for “rosso cadmio chiaro,”
bought from Zecchi Colori-Belle Arti di M e S Zecchi SNC) were analyzed.

For the spectroscopic studies of the different colors and pigments, thin solid films were
prepared. From Parisi’s cobalt blue sample, thin films are deposited by dripping a drop of
the fluid color on a glass slide and then compressing it with a second glass slide, which was
afterward scrolled away. Parisi’s cadmium red light sample, being a bulk dry sample, was
studied as it was. To form films of the commercial pure pigments, a small amount of powder
(about 10 mg) was put into a vial with 5 ml of tetrahydrofuran (THF), purchased from Fisher
Scientific with GPC grade, and then sonicated to obtain a homogeneous suspension, which
was then dripped on a glass slide; after solvent evaporation, a solid film of the pigment was
obtained.

A chemical process was then designed and applied to both Parisi’s samples to extract
the pure pigment. First, a small amount of the original color from the tubes was put into a
glass vial with 10 ml of THF in order to swell and then disaggregate the polymer matrix;
this step was made more efficient by putting the vial into an ultrasonic cleaner for 30 min
with the heater on (at about 45 °C). The vial was then put into a centrifuge for 20 min at
3500 rpm, and the supernatant, resulting in a transparent and clear solution, was analyzed
by ATR-FTIR spectroscopy to verify its composition. This entire process was repeated at
least three times until the supernatant consisted of just THF, without any polymer residues
(within the sensitivity limit of the ATR-FTIR instrument). To further verify the effectiveness
of the treatment, ATR-FTIR measurements were carried out on the precipitated powder, left
dry in air after centrifugation, supposed to be made of pigments only, to be compared with
the ATR-FTIR spectra of the original color samples.

To prepare films for spectroscopic measurements, the pure pigment obtained after chemical
separation was dispersed in 5 ml of THF and sonicated to obtain a homogeneous suspension;
the films were then prepared by drop casting on a glass slide, with the possibility of tuning
film thickness by repeated drop depositions.

All the diffuse reflectance spectra were collected in the UV–Vis–NIR range (300–2500 nm)
with 1 nm step by using a Perkin Elmer Lambda 900 spectrometer, equipped with a 15 cm
integrating sphere; for the dry bulk sample, a homemade sample holder was used, which per-
mitted the proper collection of the total reflected light (diffuse + specular), full reproducibility
of the measurements, and correction of the background.

All the ATR-FTIR spectra were collected in the MIR range (600–4000 cm−1) with 1 cm−1

resolution and averaging 8 scans, using a Fourier Transform Perkin Elmer Spectrum 100
instrument, equipped with a diamond crystal, a KRS5 beam splitter, and a DTGS detector.

Raman spectra were collected on all the samples by a portable B&W Tech I-Raman
plus spectrometer, with fiber optic configuration, equipped with a microscope, with 785 nm
excitation wavelength and a maximum output power of 500 mW, and a resolution of 3 cm−1. In
addition, to circumvent the problem [10] of the photoluminescence signal covering the Raman
spectrum of some samples, a Jobin–Yvon Labram micro-Raman spectrometer equipped with
a microscope was used for the extracted red cadmium (low energy region) and for the modern
blue pigment; the excitation source was an internal He–Ne laser at 633 nm, with maximum
power 20 mW, and Raman spectra were collected in back-scattering configuration through a
CCD (charge coupled device) detector and corrected for spectral response of the apparatus.
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3 Results and discussion

The diffuse reflectance spectra of the two Parisi’s color samples (Fig. 1a, b) show the charac-
teristic response of the relative pigments in the Vis region [11, 12], while the bands detected
in the NIR region could be attributed to the polymer matrix.

The polymer response in the NIR region is particularly evident in the cadmium red light
spectrum, at 1180, 1435, 1700, 1924, and 2135 nm [13] (minima in the diffuse reflectance
spectrum, corresponding to absorption maxima), related to the second overtones of strong
chemical bonds like –CH and –OH, while in the cobalt blue spectrum a characteristic response
of the pigment from 950 to 1800 nm covers every other peak due to the polymer, except the
one at 1930 nm.

To verify the effectiveness of the separation method, the ATR-FTIR spectra of the samples
obtained after chemical separation are compared to those collected on the original color
samples from Parisi’s tubes, i.e., still with all the components (Fig. 2a, b). The results clearly
show that, for both color samples, most of the polymer is removed. Indeed, the characteristic
sharp peak at 1730 cm−1 present in the two spectra of Parisi’s colors and attributed to the
stretching mode of the –C=O bond of the acrylic group [14] is dominant in the spectrum before
chemical separation. On the contrary, it is much less intense after the chemical process, as
shown in Fig. 2a, where the peak at 1730 cm−1 has been used for normalizing the spectra. The
other peaks remaining after treatment are therefore to be attributed to pigments and fillers.

Afterward, to verify that the pigment did not undergo chemical and/or chromatic changes
during the chemical separation, diffuse reflectance is measured in the UV–Vis–NIR range on
the two films of extracted pigment (Fig. 2c, d); in both cases the extracted pigment maintains
the original characteristics, as the peculiar features in the spectra match those in the spectra of
the untreated Parisi’s colors. Looking at the pigment spectra, then, the cobalt blue has a wide
absorption band from 950 to 1800 nm, an absorption peak with maximum at 570 nm and
another less intense at 475 nm; the cadmium red absorption shows the cutting edge, typical
of every red pigment [15]. This is therefore full experimental evidence that the peaks present
in the NIR region of the original “cadmium red” color, as well as the peak at 1930 nm in the
spectrum of the original “cobalt blue” color, are due only to the polymer matrix.

As a further check of the effectiveness of the separation method, the pigments extracted
from Parisi’s colors and the films of the corresponding commercial pigments are analyzed in
terms of diffuse reflectance and ATR-FTIR spectra and compared.

Fig. 1 a Diffuse reflectance spectra of cadmium red light (red curve) and cobalt blue (blue curve) colors from
Parisi. b Zoom of the reflectance spectra in (a) in the NIR region
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Fig. 2 a ATR-FTIR spectra of cobalt blue original sample (solid curve) and of the same sample after chemical
separation (dotted curve); the two spectra are normalized to the peak assigned to the polymer matrix at
1730 cm−1. b ATR-FTIR spectra of cadmium red light original sample (solid curve) and of the same sample
after chemical separation (dotted curve); the two spectra are normalized to the peak assigned to the polymer
matrix at 1730 cm−1. c Diffuse reflectance spectra of cobalt blue original sample (solid curve) and of the same
sample after chemical separation (dotted curve). d Diffuse reflectance spectra of cadmium red light original
sample (solid curve) and of the same sample after chemical separation (dotted curve)

The diffuse reflectance spectra of the modern cobalt blue and the one extracted from
Parisi’s tube (Fig. 3a) clearly show that the samples contain the same pigment. Nonetheless,
slight differences are observed: in particular, a steeper and slightly red-shifted increase of
absorption at 720 nm and the presence of a small peak at 475 nm in the extracted pigment.
Both samples present the same wide band in the NIR region and a maximum in absorption
at 570 nm. The commercial and extracted samples of cadmium red show the same spectra,
with just a slight shift of about 10 nm in the absorption edge (Fig. 3b), and an almost flat
long wavelength response, not exactly superimposed.

It should be noted that the ATR-FTIR spectra show some differences: both spectra (Fig. 3c,
d) suggest that, in addition to the chromophore, pigments extracted from Parisi’s colors and
commercial pigments also contain fillers (not the same for both colors), masking completely
the expected ATR-FTIR response of the pure chromophore. Such fillers can nonetheless be
identified: the peaks at 1420, 874, and 713 cm−1 can be attributed to calcite [16] in the modern
cadmium red spectrum and in the two samples of cobalt blue (extracted and commercial),
while barium sulfate is responsible for the peaks at 1063 and 981 cm−1 [17], present in the
spectrum of cadmium red from Parisi. Another filler is clearly present in the commercial
cobalt blue, responsible for the two peaks at 1003 and 1086 cm−1; considering the spectral
position of these MIR peaks, it can be supposed as a material containing O–Si–O groups,
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Fig. 3 a Diffuse reflectance spectra of cobalt blue extracted by chemical separation (dotted curve) and modern
(dashed curve). b Diffuse reflectance spectra of cadmium red light extracted by chemical separation (dotted
curve) and of modern pigment (dashed curve). c ATR-FTIR spectra of cobalt blue extracted by chemical
separation (dotted curve) and modern (dashed curve). d ATR-FTIR spectra of cadmium red light extracted by
chemical separation (dotted curve) and modern (dashed curve)

such as any clay materials [18]; a precise identification is prevented by the huge amount of
clay materials and mixtures available and indeed commonly used as fillers [19, 20].

Back to the comparison between extracted pigments and their commercial counterparts,
the presence of fillers does not allow to get a conclusive answer from the ATR-FTIR spectra;
therefore, to definitively confirm the successful extraction of the pigments from Parisi’s
colors, a complementary technique, such as Raman spectroscopy, is applied to all the samples.

The spectra of cobalt blue samples are reported in Fig. 4a, as acquired on the film of
extracted pigment (dotted curve) and of the commercial one (dashed curve). The Raman
spectrum of the extracted pigment confirms the results obtained by ATR-FTIR and diffuse
reflectance measurements; in particular, the peaks at 200, 408, and 511 cm−1 are due to the
cobalt blue pigment [21, 22], while calcite, identified as filler, is responsible for the peaks
at 276, 708, and 1085 cm−1 [21, 23]. The interpretation of the spectrum of the commercial
pigment is tricky. Although the ATR-FTIR and reflectance spectra clearly demonstrate the
presence of cobalt aluminate blue spinel CoAl2O4 as chromophore and calcite as filler, in the
Raman spectrum only a barely visible peak at 200 cm−1 can be assigned to the chromophore
(and the peak at 1090 cm−1 to calcite), nonetheless enough for full demonstration. Other
peaks, ascribable to the clay materials already individuated by ATR-FTIR as possible fillers,
are dominating the Raman spectrum.

Finally, the Raman spectrum of the red pigment extracted from Parisi’s color is reported
in Fig. 4b; it shows four peaks at 202, 293, 488, and 580 cm−1, all of them attributable
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Fig. 4 a Raman spectra of the extracted blue (dotted line) and the modern blue pigment (dashed line). bRaman
spectra of the extracted red. A 785-nm laser is used as excitation source for the extracted blue in (a) and for
the high energy range (900–1200 cm−1) in (b), while the spectra of the modern blue in (a) and the low energy
range (160–800 cm−1) in (b) are recorded with a 633-nm laser to get rid of luminescence. In both figures A
and B, the arrows indicate the peaks attributed to the pigments

to cadmium selenosulfide [21]. The presence of the filler identified as barium sulfate is
responsible for the peak at 985 cm−1, while other peaks of this compound [24], known to be
present in this spectral range but with lower intensity, are probably covered by the signal of
the pigment. Direct comparison with the commercial pigment is not possible because of a
strong luminescence signal observed both with the 785 nm and the 633-nm lasers, possibly
originated from unknown fillers, covering the Raman peaks.

4 Conclusions

A method is proposed to study and separate the different contributions to the optical spectra of
acrylic colors originating from their components. Even if this requires a destructive chemical
treatment of the color samples, the response of the components can be used to build a database
which can serve as future reference for the analysis of spectra recorded in situ on real artworks.
To show how the results can be directly applicable to real cases, the method is here applied
to two different acrylic colors recovered directly from tubes belonged to Domenico “Ico”
Parisi, namely cobalt blue and cadmium red light. The comparison between diffuse reflectance
spectra and ATR-FTIR spectra recorded on the original samples and those recorded on the
extracted pigments show that the method is a reliable tool for separating pigment and filler
from the polymeric binder. Then, thanks to the proposed chemical treatment, the diffuse
reflectance spectra in the spectral region up to 2500 nm allow us to identify the characteristic
features of the pigment alone, particularly relevant for cobalt blue, where this would not be
possible without “cleaning” the spectra from the binder signal.

As secondary result, particularly relevant for future studies, the comparison between the
extracted pigments and their modern counterparts highlights the difficulty in finding modern
colors with the exact same composition as those used in the past. In our case, on the one
hand reflectance spectra show how the pigment itself could be slightly different, while, on
the other hand, ATR-FTIR and Raman spectra enlighten how totally different fillers can be
present in modern colors with respect to those used in the past.

Following our method, the original mixture of pigment and fillers can be identified, recov-
ered, and reused, giving worthy results in the field of history studies and restoration. Finally,
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we plan to take advantage of the knowledge of Ico Parisi’s palette to characterize his artworks
directly at Fondazione Ico Parisi (Como, Italy) where they are exhibited.
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