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Abstract: Optical-photothermal infrared (O-PTIR) spectroscopy is a 
recently developed technique that provides spectra comparable to 
traditional transmission FTIR spectroscopy with nanometric spatial 
resolution. Hence, O-PTIR is a promising candidate for the analysis 
of historical paintings, as well as other cultural heritage objects, but its 
potential has not yet been evaluated. 
This work presents the first application of O-PTIR to the analysis of 
cultural heritage, and in particular to an extremely small fragment from 
Van Gogh’s painting L’Arlésienne (portrait of Madame Ginoux). The 
striking results obtained, including the detection of geranium lake 
pigments as well as the complete analysis of the stratigraphy, failed 
with other state-of-the-art techniques, highlight the potential of this 
method. The integration of O-PTIR to the study of cultural heritage 
opens to the possibility of decreasing the amount of sample extracted, 
therefore contributing to the preservation of the integrity of artworks 
while providing a complete characterization of the materials. 

Introduction 

The composition of historical paintings tends to be highly 
heterogeneous. In addition to the main compounds, there are 
often materials present in a very low proportion which can be 
either intrinsic to the artworks[1–4] or related to the ageing of the 
object and its past conservation treatments [5,6].  
One type of minor components detected in samples from 
historical paintings are the micrometric particles and layers, 
sometimes <10 µm diameter/thickness. Such features can be 
related to the physical properties of the object (such as the color 
of specific regions)[7–9] or to specific degradation processes (such 
as the migration or aggregation of molecules)[10,11]. The 
characterization of these compounds is therefore a fundamental 
requirement in order to understand the composition, physical 
properties and historical background of the object and/or to 
decipher possible degradation reactions. Obtaining this 
information is the first step to find the appropriate preventive 

measures and/or conservation treatments to avoid or minimalize 
further deterioration, hence it is of capital importance. 
Unfortunately, the identification of these micrometric areas can be 
extremely complex due to the limited amount of sample available 
for the analysis, which must be minimized if possible in order to 
ensure the preservation of the artworks integrity. Moreover, the 
samples often contain a wide diversity of materials, including ionic 
compounds, organic and inorganic materials with low and high 
molecular weight: the higher proportions of these materials and 
their related signals hide the weak features from the minor 
compounds making their detection difficult. 
Previous studies have shown the potential of high spatial 
resolution techniques such as X-ray based methods to 
characterize inorganic particles and layers[12,13]. Nonetheless, 
there are still open questions regarding the most suitable method 
for the discrimination of the organic ones. For this purpose, former 
research applied micro Fourier Transform Infrared (µFTIR) 
spectroscopy and µRaman spectroscopy, that provide information 
on the molecular structure as well as the spatial distribution of the 
compounds. However, the spatial resolution of µFTIR 
spectroscopy is low: the minimum size achievable is restricted by 
the diffraction limit to 3-15 µm depending on the wavelength, 
consequently the bands of the spectral markers of the areas <10 
µm x 10 µm are often too low to be unequivocally detected.[14] On 
the other hand, Raman spectroscopy can reach a higher spatial 
resolution (≥1 µm diameter for the 785nm laser), but it is often 
limited by the presence of fluorescence and the potential damage 
that might be caused on sensitive materials[15–17]. Lately, 
photothermal induced resonance (PTIR) has been applied to the 
analysis of paintings[10,18]: this technique uses an atomic force 
microscope (AFM) coupled to infrared spectroscopy providing a 
spatial resolution up to 20 nm (size of the cantilever), which has 
been proved to successfully characterize organic materials in 
painting samples[10,19]. However, this technique requires a 
continuous contact between the cantilever and the sample 
surface. In the case of painting fragments, normally very brittle, 
this requirement is problematic due to I) the small particles often 
detached from the surface during the handling of the samples, 
these crumbles remain on the surface disturbing the path of the 
cantilever which produce interferences in the collected data and 
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II) the brittleness of the materials makes it difficult to have a totally 
flat surface, these imperfections (detached particles, cracks or 
protrusions) alter the path of the cantilever and may lead to the 
damage of the thin section or the cantilever tip.  
In this work, we investigate for the first time the potential of optical-
photothermal infrared (O-PTIR) spectroscopy applied to the 
analysis of organic particles from historical paintings. O-PTIR is a 
recently developed device based on the thermal expansion of the 
sample induced by the irradiation with an IR laser, which is then 
measured using a visible probe laser. Thus, the spatial resolution 
of O-PTIR is determined by the spot size of the visible laser, 
overcoming the diffraction limit that defines the resolution 
achievable by FTIR spectroscopy (Figure S1). Besides its high 
spatial resolution, typically well below 1 µm, O-PTIR 
measurements do not require contact with the sample, avoiding 
the interferences with the detached particles or potential damages 
to the analyzed fragment. Moreover, the collected spectra are 
comparable to transmission FTIR measurements[20–22], allowing 
the comparison between the collected data and the extensive 
literature on FTIR spectroscopy applied to cultural heritage 
materials[23–25]. Thanks to these features, O-PTIR is a promising 
technique for the analysis of historical paintings, as well as other 
cultural heritage objects with polychromed surfaces, however its 
potential has not yet been evaluated. 
In this study, this technique was applied, in particular, to the 
characterization of the stratigraphy and the identification of the 
pink pigment particles (≤2 µm diameter) observed in the paint 
layer of the Vincent van Gogh’s painting L’Arlésienne (portrait of 
Madame Ginoux) (February 1890, oil on canvas, Kröller-Müller 
Museum) (Figure 1). The striking results obtained demonstrate 
the potential of O-PTIR for the molecular characterization of small 
painting fragments and the identification of micrometric features. 
In fact, with the suitable sample preparation, O-PTIR provided 
high spatial resolution data while preserving the sample’s integrity. 
Based on these results, it is therefore demonstrated that O-PTIR 
is a powerful technique that can be efficiently integrated in 
multitechnique studies, thus helping to complement and extend 
the information provided with other analytical methods. 

Results and Discussion 

3.1. Potential of O-PTIR for the characterization of thin layers 
from historical paintings  
 
The sample selected for these experiments comes from the 
historical painting L’Arlésienne (portrait of Madame Ginoux) from 
Van Gogh. Due to the high artistic and historical value of this 
painting, the extracted fragment is very small, ≈200 µm x 200 µm 
x 25 µm (Figure 1, top). As it can be seen in the thin section 
(Figure 1, bottom), the stratigraphy consists of a bottom layer 
made of canvas fibers (≈10-20 µm thickness), a thin white ground 
layer (≈10 µm thickness) and finally a thin top paint layer with pink 
particles (≈10 µm thickness). The presence of such thin layers, 
poses great challenges for the characterization of the stratigraphy.  
In order to verify the potential of O-PTIR for the analysis of paint 
fragments, it is essential to compare it with existing methods 
already established. In this case, the samples were analyzed by 
µFTIR spectroscopy coupled to Synchrotron Radiation (µSR-
FTIR spectroscopy): this technique provides a high spatial 
resolution with a high signal-to-noise ratio and, for these reasons, 
it is widely employed for the molecular characterization of thin 
paint layers.[26,27] The µSR-FTIR spectroscopy measurements 
were performed in transmission mode, which provides the best 
spectral resolution while minimizing spectral artifacts such as 
baseline drifts due to scattering. The obtained results were 
compared to O-PTIR, in order to verify the opportunities and the 
possible constraints of this technique. The same thin section was 
analyzed with both methods, in order to ensure the comparability 
of the datasets (Figure 2). 

 

Figure 1. Fragment of the painting L’Arlésienne (portrait of Madame Ginoux) 

from Van Gogh selected for the analysis. Top: fragment before embedding (front 
and back). Bottom: thin section of the embedded fragment. 

The results obtained by µSR-FTIR spectroscopy are displayed in 
Figure 2 (top). Overall, the spectra are characterized by a high 
spectral quality (high signal to noise ratio and flat baseline) typical 
of µSR-FTIR. Among the collected data, five main types of spectra 
can be distinguished (Figure 2, top right corner, the full range of 
the spectra is displayed in Figure S2).The main pigment identified 
is lead white (2PbCO3·Pb(OH)2 / PbCO3), whose markers can be 
seen at ≈1390 and 1045 cm-1 (asymmetric and symmetric C-O 
stretching vibrations of CO3

2- anions respectively[28]). Additionally, 
the spectra of lead white also show smaller amounts of CaCO3, 
which is detected by the shoulder at 1453 and the small band at 
874 cm-1 (C-O stretching and bending of the CO3

2- anions 
respectively[29]). The band at ≈1734 cm-1 is probably associated 
to the presence of a drying oil, which was most likely used as a 
binder. In some regions, this band shows a shoulder at ≈1709 cm-

1 corresponding to the hydrolysis of the esters from the drying oil, 
which is a degradation reaction linked to its ageing[30]. The 
presence of Pb and Ca was confirmed by SEM-EDX, agreeing 
with the identification of lead white and CaCO3 (Figure 3). These 
painting materials were previously identified in other paintings by 
the same artist[31–34].  
In addition, the results also indicate the presence of protein 
(bands at ≈1660 and 1543 cm-1, related to amide I and amide II 
respectively[35]) and cellulose (bands at 1114, 1062 and 1037 cm-

1, related to the C-O bending of the skeletal vibration of 
carbohydrates rings, HCHOH deformation and the skeletal 
vibration of the carbohydrate rings[36]). These compounds 
correspond to the support of the painting, in this case a canvas 
coated with a sizing[37]: the cellulose is related to the textile fibers 
and the protein to the animal glue used as an adhesive. Finally, 
the spectra of the epoxy resin used to embed the sample can also 
be discriminated. It should be mentioned that the most intense 
bands (1512 cm-1 related to the C=C stretching of the aromatic 
groups and at 1247 cm-1 related to the C-O deformation[38]) are 
also noticeable in the other displayed µSR-FTIR spectra: this is 
probably explained by the spot size of this technique, which is too 
big to select only regions inside of the sample. Consequently, the 
analyzed areas usually include regions outside the paint fragment, 
where there is only embedding medium, or regions close to the 
edge of the sample, where the embedding medium has been 
infiltrated. Hence, the bands of epoxy resin are also present in the 
spectra. 
Compared to µSR-FTIR, the spectra collected by O-PTIR (Figure 
2, bottom right corner) display similar spectral features, allowing 
to discriminate most of the compounds previously mentioned. 
Moreover, thanks to its higher spatial resolution, it is possible to 
discriminate the spectra of lead white and drying oil from the 
spectra of CaCO3 and drying oil, demonstrating that these 
pigments have a different spatial distribution. No band shifts are 
observed between both techniques and the relative intensities of 
the bands are globally similar: this can be clearly seen in the 

100 µm100 µm
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spectra of epoxy resin, which is the only homogeneous compound 
(the fluctuations in the other spectra may be explained by the 
different composition of the precise analyzed spot).   
Furthermore, O-PTIR spectra do not show the bands related to 
the embedding medium, contrarily to µSR-FTIR. Since the 
analyzed thin section is the same in both techniques, this 
difference is probably explained by the size of the analyzed area 
in each technique. The smaller spot size of O-PTIR compared to 
µSR-FTIR allows to select areas far away from the edge of the 
sample, providing spectra free of epoxy bands. The lack of the 
epoxy bands in the spectra helps to avoid their overlapping with 
the signal from other compounds, preventing the loss of spectral 
features and potentially allowing a more efficient discrimination of 
the different components of the sample. For instance, a broad 

shoulder centered at ≈1550 cm-1 is noticeable in the O-PTIR 
spectra, probably related to the presence of metal carboxylates[11]. 
In the µSR-FTIR data, on the contrary, this shoulder is overlapped 
with the band at ≈1510 cm-1 from epoxy resin, therefore the 
presence of metal carboxylates is less obvious. Consequently, 
the O-PTIR data is extremely useful for the analysis of 
micrometric/submicrometric features from heterogeneous 
samples, often the case for painting cross sections. The spectral 
markers of the identified compounds were integrated in order to 
obtain the spatial distribution of each substance by each 
technique (Figure 2, top and bottom left corners), the look-up 
tables (LUT) of the maps and the position of the displayed spectra 
in the integration maps is shown in Figure S3.  
  

 

Figure 2. Analysis by µSR-FTIR and O-PTIR of the thin section displayed in Figure 1. Top: µSR-FTIR results of the area marked in green (spot size: 10 µm x 10 
µm). Bottom: O-PTIR results of the area marked in yellow (spot size: 450 nm x 450 nm). In each analyzed area a scheme of the stratigraphy is displayed (C: canvas, 
GL: ground layer, PL: paint layer, R: embedding resin) as well as the integration maps of the spectral regions corresponding to the specific compounds found in the 
sample and a representative spectrum of each material (LW: lead white, DO: drying oil). 



RESEARCH ARTICLE    

4 

 

Due to the lower spatial resolution, µSR-FTIR maps are much less 
detailed, providing only the main distribution of the compounds: 
epoxy resin around the sample, protein and cellulose at the 
bottom of the stratigraphy and CaCO3, lead white and drying oil in 
the ground and paint layers. On the contrary, the maps calculated 
from O-PTIR spectra allowed to distinguish also the variations of 
the composition across the thin layers of the stratigraphy: the 
ground layer is composed mainly of drying oil and lead white, 
while the paint layer contains drying oil, lead white and CaCO3. 
Specifically, CaCO3 is distributed mainly in the middle of the 
stratigraphy. This distribution is in good agreement with the 
results obtained by SEM-EDX (Figure 3).  
A consequence of the high spatial resolution of O-PTIR is the 
length of the measurements. Since the number of acquired 
spectra is larger, the required time for the analysis is much longer. 
In this case, the area analyzed by µSR-FTIR spectroscopy is 88 
µm x 40 µm (Figure 2, top) and took ≈3 hours, while the area 
analyzed by O-PTIR is 4.5 µm x17.5 µm (Figure 2, bottom) and 
took ≈10 hours. The slower data collection implies that the maps 
should be smaller and, hence, less representative. In this case, 
for instance, cellulose was not detected by O-PTIR because it is 
present outside of the analyzed area. In addition, it should be 
remarked that the signal-to-noise ratio is slightly lower in O-PTIR 
compared to µSR-FTIR. In the higher range of the O-PTIR spectra 
the noise level is still low, although subtle features such as the 
shoulder at ≈1710 cm-1 related to the degradation of the drying oil 
cannot be appreciated. However, the noise is more evident at 
lower wavenumbers: for instance, the band at 874 cm-1 related to 
CaCO3 cannot be distinguished in O-PTIR.  
Considering the limits and possibilities of this technique, the high 
spatial resolution of O-PTIR can provide a precise 
characterization of the micro- and nanoheterogeneities which, 
integrated in a multianalytical approach, provides an accurate 
characterization of the samples. Additionally, it should be 
mentioned that the size of the produced data is not significantly 
higher: the acquired OPTIR map is around 4 Mb while the µSR-
FTIR map is around 9Mb. 
In conclusion, these results confirm the suitability of O-PTIR for 
the high spatial resolution analysis of the stratigraphy of historical 
paintings. The obtained spectra are comparable to the ones 
obtained by µSR-FTIR allowing to identify the same type of 
compounds. Despite the lower signal-to noise ration of O-PTIR 
compared to µSR-FTIR, the smaller spot size provides more site 
specific spectra and hence less overlapped, helping to better  
 

 

Figure 3. Analysis of the thin section displayed in Figure 1 by SEM-EDX. Left: 
image obtained from BSE. Right: elemental distribution maps. The elements in 
the second row (K, Br) are related to the KBr pellet used as a substrate. 

discriminate the compounds present in the sample. This higher 
spatial resolution offers accurate information on the distribution of 
materials, helping to better characterize the materials and 
techniques used to produce the painting as well as its 
conservation state. It is clear that such information can have great 
relevance for the study and conservation of historical paintings. 
Moreover, the results also demonstrated the great advantages of 
the preparation of thin sections for the analysis by O-PTIR. This 
technique can be applied to non-embedded fragments however, 
the preparation of thin sections allows the compatibility of the 
obtained dataset with other complementary techniques, such as 
transmission µSR-FTIR spectroscopy and SEM-EDX, but also 
Raman spectroscopy or µSR-XRD[38,39]. This is extremely relevant, 
since it means that these techniques are fully compatible and can 
be implemented in the same multi-analytical approach. 
 
3.2. Application of O-PTIR for the identification of micrometric 
heterogeneities: discrimination of the pink pigment 
 
In the paint layer of the sample, small pink particles of ≤2 µm 
diameter can also be observed (Figure 1). Their characterization 
is extremely relevant, since it can provide information on the 
composition of the pink color of the sampled area of the painting. 
However, the analysis of these particles is challenging due to their 
low proportion, their small size and the presence of additional 
compounds in the same layer. 
Indeed, the analysis by µSR-FTIR spectroscopy (Figure 2) did not 
provide any spectral marker that may be related to this pigment, 
most probably due to the low spatial resolution of the technique. 
The size of the particles is in fact very small compared to the size 
of the analyzed spot, so the spectral markers are hidden below 
the spectra of the main compounds, whose bands cover broad 
spectral regions. Consequently, there are no noticeable bands 
that could be attributed to the material used as a pigment. 
In order to improve the spatial resolution, µRaman spectroscopy 
using a 785 nm laser was also tested (Figure 4). The spectra 
collected around one of the pink particles show the characteristic 
bands from lead white at 1048 and 104 cm-1 as well as a group of 
bands around ≈200 cm-1 probably related to the degradation 
products resulting from this pigment. [40] Moreover, a group of low-
intensity bands can be seen at ≈1430, ≈1307 and ≈1249 cm-1  
 

 

Figure 4. Characterization of a pink particle by µRaman spectroscopy. Top: 
analyzed particle (left) and its magnification where the points analyzed have 
been marked, a-d (right). Bottom: Raman spectra collected compared to a 
reference of geranium lake (pink line) (synthesis conditions described in SI, 
section 1.2). The peaks marked in pink are presumably associated to geranium 
lake pigments, the bands marked in black correspond to lead white and the 
degradation products resulting from this pigment.  
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Figure 5. Characterization of the pink particles by O-PTIR spectroscopy. Top: 
region selected for the analysis (left) and its magnification with the analyzed 
points in evidence, a-b (right). Bottom: O-PTIR spectra collected at each point 
and reference spectrum of freshly synthetized geranium lake obtained by the 
same technique (synthesis conditions described in SI, section 1.2). The peaks 
marked in pink correspond to geranium lakes. 

(Figure 4, bands marked in pink). These bands are in the spectral 
region where some of the main bands of the pink pigments from 
the family of geranium lakes appear, as it can be seen in the 
reference spectrum (Figure 4, spectra in pink), meaning that the 
presence of these pigments is compatible with the results. 
However, the bands are low, broad and the maximums are slightly 
shifted from the ones described in literature[41]. Moreover, these 
signals appear in the same region of other lake pigments 
employed by the same artist, such as cochineal[34,42,43]. Therefore, 
the identification of the type of pigment cannot be unambiguously 
concluded based in these results.  
Interestingly, the application of O-PTIR made it possible to 
overcome the limitations previously encountered with both µSR-
FTIR and μRaman spectroscopies. This novel technique, in fact, 
allowed to unequivocally identify the particles in exam as a 
geranium lake pigment (Figure 5). The collected spectra (Figure 
5, spectra in black) clearly show the main bands of geranium 
lakes observed in the reference of the pigment analyzed by the 
same technique (Figure 5, spectrum in red). In particular, the 
bands at ≈1550 and ≈1460 (carboxylate group), ≈1605, ≈1351 
and ≈1254 (xanthene and ketone groups) of geranium lakes can 
be identified[41]. It should be remarked that the spectra include 
also the bands from the other compounds previously detected in 
the sample: among them lead white and lead carboxylates show 
bands at ≈1450 and ≈1550 cm-1 that overlap with the peaks of 
geranium lakes producing slight shifts in the bands. Nonetheless 
the low intensity of the band at 1045 cm-1 related to lead white 
and the lack of an intense band at 1400 cm-1 where lead 
carboxylates normally have a main signal suggest that the 
intensity of the peaks related to both substances is low enough to 
confidently detect geranium lakes.  
It should be also mentioned that the minimum at 1359 cm-1 is 
probably an instrumental artifact linked to the chip transitions of 
the laser (Figure S4). However, this does not affect the presence 
of a clear shoulder at 1351 cm-1 linked to the composition of the 
sample. The fact that this shoulder and also the shoulder at 1605 
cm-1 cannot be assigned to any other compound previously 
detected in the sample, and that the obtained spectra are clearly 
different from the IR spectrum of cochineal lakes[44,45] as well as 
from madder lakes[46,47] also used by Van Gogh, unequivocally 
confirms the presence of geranium lakes in the painting in exam. 
Due to the overlap with the bands from other compounds it is not 

possible to map the distribution of geranium lakes in the sample. 
Nonetheless, the selected spectra are located in the pink paint 
layer, clearly highlighting the link between the presence of 
geranium lakes and the color of the paint film.   
Geranium lakes have been previously observed in other paintings 
by Van Gogh[33,34,43,48,49]. The use of this family of pigments is 
normally deduced from the detection of Br in pink colored areas, 
however the identification of the pigment molecules is difficult 
since they are normally mixed with drying oil containing similar 
functional groups, namely carboxyls, carbonyls and C=C bonds. 
In the case of the painting in analysis, the detection is even more 
challenging due to the co-presence in the same paint layer of lead 
white, lead carboxylates and CaCO3, whose intense bands at 
≈1400, ≈1550 and ≈1450 cm-1 respectively overlap with geranium 
lakes. Hence, the molecular detection of geranium lakes proves 
the great potential of O-PTIR for the analysis of micro- and nano-
heterogeneities, even in adverse conditions. 
In order to corroborate the identification of geranium lakes, the 
presence of Br in the pigment particles was analyzed by SEM-
EDX (Figure 6). The analyses were performed using a low energy 
(10 KeV) in order to decrease the penetration in the sample and 
thus avoid the interference from the KBr pellet used as a substrate. 
Due to the low amount of pigment it was not possible to map the 
presence of Br. Nonetheless, it is noticeable that the spectrum 
collected in the paint layer where the pink color is observed shows 
the presence of small amounts of Br (Figure 6c), while this 
element cannot be found in the ground layer (Figure 6, b) or in the 
embedding medium (Figure 6, a). Therefore, the presence of Br 
is correlated to the pigment particles in exam, which is in 
agreement with the use of geranium lakes in the painting.  
Since geranium lake pigments are well known to degrade in the 
presence of visible light [34,50], it is important to verify if the visible 
laser used by O-PTIR could cause any damage to the sample, 
potentially hampering further analysis by other techniques. This 
eventuality was tested by collecting a series of replicate O-PTIR 
analyses on the same spot of a reference sample (Figure 7), 
which have then compared to a previous spectrum of this material 
obtained by conventional FTIR spectroscopy. The results show 
that the spectrum collected by FTIR spectroscopy is very similar 
to the ones obtained by OPTIR, both the initial (Figure 7, t0) and 
the final obtained after 22 repetitions (18 minutes) (Figure 7, tf), 
hence proving that O-PTIR, with the suitable experimental 
parameters, has not caused a noticeable damage to this sensitive 
material. For this reason, the technique can be considered as 
non-destructive in terms of sample for the type of materials 
considered in this study. 

 

 

Figure 6. Characterization of the paint layer by SEM-EDX. BSE image (top), the 
regions marked in red correspond to the areas where the EDX spectra (bottom) 
were collected: a) embedding medium, b) ground layer and c) paint layer. 
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Figure 7. Study of the potential radiation damage on a reference sample of 
geranium lake (synthesis conditions described in SI, section 1.2) during O-PTIR 
analysis. Previous FTIR spectrum (pink) compared to OPTIR: initial spectrum 
(t0) and spectrum after irradiate the sample during 22 consecutive 
accumulations (tf). 

Conclusion 

In this study, the application of O-PTIR spectroscopy to the 
analysis of samples from historical paintings is presented for the 
first time. This technique allowed to identify the pink particles 
present in a small fragment from the historical painting 
L’Arlésienne (portrait of Madame Ginoux) by Van Gogh as 
geranium lake pigments, while preserving the sample’s integrity. 
Due to the limited size of these particles and the presence of 
additional compounds, the other analytical techniques tested, 
namely µSR-FTIR and µRaman spectroscopy, were not able to 
unambiguously identify this material.  
The high spatial resolution offered by O-PTIR, which pushes the 
boundaries of traditional molecular spectroscopy by overcoming 
the diffraction limits of traditional FTIR, presents great advantages 
for the analysis of paintings and heritage objects in general. This 
allows, in fact, an accurate chemical characterization of the 
stratigraphy, even when only micrometric fragments are available.  
Thanks to this high spatial resolution, O-PTIR does not only 
provide less overlapped spectra, helping to identify micro- and 
nano-heterogeneities in the samples, but also allows to decrease 
the size of the samples needed for the analysis. This presents 
clear advantages for the study and preservation of cultural 
heritage, maximizing the obtainable information while minimizing 
the invasive sampling of the objects, hence contributing to the 
preservation of the integrity of artworks. 
Moreover, although thin samples are not inherently necessary for 
O-PTIR, the technique appeared highly efficient for the analysis 
of thin sections of embedded painting fragments. The suitability of 
this sample preparation for O-PTIR analysis highlights the 
compatibility of this technique with other commonly employed 
characterization methods, hence opening to the possibility of a full 
integration of O-PTIR in multitechnique studies of cultural heritage 
objects.  
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