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13.1   Unveiling the Authenticity of an Artwork 
Destroyed by a Fire

Unveiling the originality of an artwork destroyed by a fire is a challenging 
task. The subject of this study combined a fire that occurred in a church 
at Christmas Eve, a police investigation on a possible loss of a Portuguese 
17th century painting and the study of its presence during the fire based on 
its ashes. Asked by an insurance company of the possibility of the original 
painting having been replaced by a fake 21st century painting at the time of 
the fire's ignition, it was important to evaluate the originality of the mate-
rials present on the ashes resulting from the burnt painting, either from 
the original or as resultant heating products. In this sense, a multi-analyt-
ical approach was envisaged gathering optical microscopy (OM),† scanning 

† A Leica M205C stereomicroscope with a zoom range of 7.8× to 160× equipped with a Leica 
DFC295 camera and external illumination by optical fibres was used for examination of the 
ashes' cross sections.
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electron microscopy coupled with energy dispersive X-ray spectrometry 
(sEM-EDs)‡ and raman microscopy (rM). raman microscopy§ was used 
with the aim of identifying traces of materials contemporary to the paint-
ing's production and/or materials produced after the 17th century. rM spot 
analysis of several samples of ashes mounted as cross sections enabled us 
to identify the characteristic raman bands of lead white (a lead carbonate 
hydroxide, 2PbCO3·Pb(Oh)2), massicot (α-PbO, orthorhombic crystal struc-
ture) and litharge (β-PbO, tetragonal crystal structure), Figure 13.1. Lead 
white was identified through its characteristic band at 1049 cm−1 related to 
the ν1 stretching mode of the CO3

2− anion,1 whereas massicot and litharge 
were identified through their characteristic bands related to the Pb–O vibra-
tional modes at 143, 289 and 385 cm−1, and 145, 285 and 336 cm−1, respec-
tively,2 Figure 13.1.

‡ sEM-EDs analyses were performed with a scanning electron microscope hITAChI 3700n cou-
pled to an energy dispersive X-ray spectrometer BrUKEr Xflash 5010. The analyses were made 
at 20 kV with variable pressure (40 Pa).

§ A raman spectrometer hOrIBA XPlora equipped with a he-ne laser of 7.6 mW power operating 
at 638 nm, coupled to an Olympus microscope was used for the analysis of the paint's cross 
sections. raman spectra were acquired in extended mode in the 100–1100 cm−1 region. The 
laser was focused with an Olympus 50× lens, with 0.76 mW laser power on the sample surface 
(5 seconds of exposure, 5 cycles of accumulation).

Figure 13.1    rM spectra of two spot analysis of a sample of ashes resulting from 
the burnt painting mounted as cross sections, where characteristic 
raman bands of lead white (1049 cm−1), massicot (143, 289 and 385 
cm−1) and litharge (145, 285 and 336 cm−1) were identified. The inset 
shows a detail of the cross section and the analysed spots.
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Lead white is the white pigment par excellence of art history paintings from 
the roman period onwards.1,3 Its replacement by less toxic materials such as 
zinc and titanium-based pigments only occurred in the 19th–20th century. 
When exposed to high temperatures in the presence of oxygen, lead carbon-
ate is transformed into lead oxides (massicot, β-PbO, yellow-orange; litharge, 
α-PbO, orange-reddish; and read lead, Pb3O4, bright orange) following the 
heating process described in Figure 13.2.

Under the influence of severe heating conditions as those present in 
a fire (absence of oxygen and high temperatures), massicot and litharge 
are transformed into metallic lead and carbon dioxide, Figure 13.2. Fin-
gerprints of this heating profile were observed by optical microscopy and 
sEM-EDs analysis, namely the presence of metallic lead and inner lacunas, 
where before α and β-lead oxides were placed, Figure 13.1 (the inset) and 
Figure 13.3.

In this approach, raman microscopy was essential for the identifi-
cation of lead white (the white pigment in use during the period of the 
painting's production) and of its resultant heating products massicot 
and litharge. Additionally, the inexistence of any other components that 
might have only been used in a later period than the 17th century (such as 
zinc and titanium in its oxide forms or in its resultant heating products), 
allowed us to infer the originality of the ashes recovered from the fire of 
the Church.

Figure 13.2    heating process of lead white.1–3

Figure 13.3    The influence of a severe in-situ heating process over lead-based paints 
elucidated by the surface view results acquired by OM and sEM-EDs 
(left and right, respectively).
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13.2   Authenticity Evaluation of an Artwork 
Intercepted in the Trade Markets

The importance that Man has always attributed to art and to artworks is well 
documented in the earliest testimonies of artworks that have survived. If, for 
the ancients, the trade value of an artwork was deeply related to its quality 
and with the importance of the materials used in the artwork's production, 
today, an artwork has become more of an investment and is increasingly 
dependent on the authorship and not the quality of the production tech-
niques. In this sense, art and antique trading is now more of an investment 
asset, than simply art lovers' acquisitions. Today, the economic importance 
of the antique market is well reflected in the global economic system, attract-
ing international buyers and large investments. The subject of this study con-
cerns the evaluation of a rock crystal (quartz) Indo-Portuguese sculpture's 
authenticity attributed to the 17th century (Figure 13.4).¶ In this sculpture, 
Infant Jesus is represented stood up on a sphere as a sign of his protection 
over the World. The representation is settled on a tetrahedral base, all the 
components being integrated as an apparently unique set (Figure 13.4). As 
a silicon-oxygen composed mineral, quartz presents a tetrahedral structure 
of siO4 with two polymorphs (the trigonal α-quartz – the most common 
polymorph; and the hexagonal β-quartz, which results from an inversion 
of α-quartz when exposed to temperatures above 570 °C).3 hyaline quartz 
(known as rock crystal), is the purest form of quartz. Due to its transparency 
and brightness, rock crystal was commonly used in jewellery production. In 
this sense, the value inherent to this sculpture strongly depends on the mate-
rial used for its production (whether this might have been rock crystal or 
simply glass), as it might be a reference for the time of production and, thus, 
for its authenticity. raman microscopy∥ was used with the aim of evaluating 
the crystallographic origin of the entire sculpture. several points on the base 
and on the right leg of the sculpture were analysed, aiming at characterising 
and evaluating the homogeneity of the material used to produce the sculp-
ture (Figure 13.4).

raman analysis of the tetrahedral base of the sculpture enabled the identi-
fication of some of the raman bands characteristic of α-quartz (rock crystal), 
namely the bands at 205 and 466 cm−1 bands4 (Figure 13.4 – red spectrum). 
To corroborate this result, a sample of natural rock crystal was analysed 

¶ As this study was performed as part of a police investigation, we are not allowed by the author-
ities to present a visual image of the sculpture. Therefore, an X-ray image of the sculpture is 
presented.

∥ A raman hOrIBA XPlora spectrometer coupled to an Olympus microscope equipped with a 
diode laser of 20 mW power operating at 785 nm, was used. The laser beam was focused with an 
Olympus 50× lens with a laser power on the sample surface of 2.0 mW (10 seconds of exposure, 
10 cycles of accumulation). raman spectra were acquired in an extended mode in the 100–1000 
cm−1 region. To ensure the representativeness of the results, in each section, three different 
areas were always analysed. The spectra here presented are representative of those obtained for 
each analysed section.
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under the same conditions used for the analysis of the sculpture, enabling 
us to identify the same characteristic raman bands (Figure 13.4 – black and 
blue spectra). On the other hand, the analysis of the right leg of the sculpture 
presents a lower raman shift for the higher intense raman band of α-quartz 
(now placed at 447 cm−1) and a low intense raman band at 580 cm−1 (Fig-
ure 13.4 – blue spectrum). According to ribeiro et al., this low intense band 
might be related to the bending mode of the tetrahedral networks of [siO4] 
in a glass matrix that shift and the changes of intensity are directly related 
to the alterations on the tri-dimensional silica network caused by the glass 
manufacturing process.5

In this sense, the rM results enabled to us identify the use of two differ-
ent materials in the sculpture's composition: rock crystal for the tetrahedral 
base and a high, pure, manufactured glass for the remaining sculpture. In 
the same line, the analysis of X-ray diffractograms** enabled us to verify that 
the base was composed of a crystalline material compatible with quartz crys-
tal while the body of the sculpture was composed of an amorphous material 

** X-ray diffractograms were acquired with an X-ray Microdiffractometer BrUKEr Discovery in 
the 10° < 2θ < 75° range with a step width of 0.05°.

Figure 13.4    rM spectra of two spots analysed: the tetrahedral base where the char-
acteristic raman bands of rock crystal (red spectrum) were identified, 
and Infant Jesus' right leg, where the characteristic raman bands of 
glass (blue spectrum) were identified. The black spectrum resulted 
from the analysis of a rock crystal used as a pattern. right, X-ray image 
of the Infant Jesus sculpture and the regions analysed by raman 
microscopy.
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based on silica (a broadband is obtained in the position corresponding to 
plane 100 of the quartz, typical of silica glass), Figure 13.5.

Moreover, the fact that sEM-EDs did not detect other elements except sil-
icon and oxygen in the glass matrix reflects the production of a glass with-
out the use of fluxing agents (such as sodium or potassium) or stabilisers 
(such as calcium or lead), allowing us to conclude that silica glass was used 
for the production of the body of the sculpture. The melting temperature 
required to obtain silica glass (composed of silicon and oxygen) of 1650 °C 
was only possible with the technological developments achieved during the 
20th century. It is, thus, reasonable to state that this Infant Jesus sculpture 
is not of 17th century production (as it is made of a modern glass), despite 
the tetrahedral of rock crystal base, which might have been sculpted during 
this period.

13.3   Unveiling the Placement's Authenticity of Early 
Brazilian Printed Stamps Through Raman 
Microscopy

The second country to introduce the use of postage stamps was Brazil, on 1st 
August, 1843, with postage rates established for land and sea routes: 60 reis 
for a letter carried by land weighing up to 4 oitavas (around half-ounce) and 
double the land rate for mail carried by ship.6 For these first printed stamps 

Figure 13.5    XrD diffractograms of both spots analysed by raman microscopy – 
see Figure 13.4. On the analysis of the tetrahedral base, a crystalline 
structure compatible with quartz crystal was found, while in the anal-
ysis of Infant Jesus' right leg, an amorphous crystalline structure typi-
cal of silica glass was found (Q – indexing of quartz).
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– Bull's eyes for its resemblance to the animal's eyes – three values were 
printed: 30, 60 and 90 reis. The printing of Bull's eyes stamps ceased at the end 
of 1843, being replaced by the slanted numeral stamp style.7 The value behind 
the trading of primitive stamps is highly dependent on the conservation con-
dition and original placement: if a primitive stamp is found on its original 
envelope, its price increases expressively. This work involves the study of two 
Brazilian Bull's eye stamps to evaluate the authenticity of their original place-
ments: a 60 reis Bull's eye stamp with a black postmark on it (Figure 13.6) and 
a 90 reis Bull's eye stamp with a red postmark on it (Figure 13.7).

Figure 13.6    The 60 reis Brazilian Bull's eye stamp and the region analysed by 
raman microscopy. right, magnified image of the analysed region: (a) 
detail of the black postmark on the stamp; (b) extension of the same 
black postmark over the envelope. stamp reproduced with permission 
from F. Vasconcelos.

Figure 13.7    The 90 reis Brazilian Bull's eye stamp and the region analysed by 
raman microscopy. right, magnified image of the analysed region: (a) 
detail of the red postmark on the stamp; (b) extension of the same red 
postmark over the envelope. stamp reproduced with permission from 
F. Vasconcelos.
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raman†† analysis was performed on different regions of both postmarks, 
both on the stamp (Figures 13.6a and 13.7a) and on its extension over the 
envelope (Figures 13.6b and 13.7b). rM analysis of the postmark on the 60 
reis stamp allowed us to identify the characteristic raman bands of carbon 
black, namely its characteristic broad doublet at 1593 cm−1, assigned to the 
sp2 C–C bonds, and at 1327 cm−1 assigned to the sp3 C–C bonds of graphite8 
(Figure 13.8 – black spectrum). The intensity ratio of these two bands might 
be related to the disorder or crystallinity degrees of the samples.9 In this 
case, a carbon black of animal origin might have been used, as the higher 
contribution from the sp3 C–C bonds of graphite (at 1327 cm−1) reflects a 
higher disorder of the graphite structure (contrary to what is found for car-
bon blacks of vegetable origin, where a more intense contribution from the 
sp2 C–C bonds is present9).

regarding the analysis of the black postmark extension over the enve-
lope (Figure 13.6b), a different material composition was found, as in this 
region the stamp ink was not produced with carbon black, but by mixing 

†† A raman hOrIBA XPlora spectrometer coupled to an Olympus microscope equipped with 
a diode laser of 20 mW power operating at 785 nm, was used. The laser beam was focused 
with an Olympus 50× lens with a laser power on the sample surface of 2.0 mW (10 seconds of 
exposure, 10 cycles of accumulation). raman spectra were acquired in extended mode in the 
100–2300 cm−1 region.

Figure 13.8    rM spectra of the two different regions of the postmark: (*) on the 60 
reis stamp; (**) on its extension over the envelope. The inset shows 
magnified images of both regions where different surface and grains 
heterogeneities are found.



Chapter 13192

vermilion with goethite and Prussian Blue. In this sense, mercury sulfide 
was identified through its characteristic bands at 343 cm−1 attributed to 
the ν(hg–s) stretching, and to the bands at 251 and 284 cm−1 ascribed 
to the δ(s–hg–s) angle bending10 (Figure 13.8 – red spectrum). goethite, 
the brown iron oxide α-FeO(Oh), was identified through its characteris-
tic raman bands at 241, 313, 396, 475, 546 cm−1 11 (Figure 13.8 – brown 
spectrum). Prussian blue, (Fe4[Fe(Cn)6]), was identified through its char-
acteristic raman bands at 274, 524 and 2094 cm−1, together with its char-
acteristic (C≡n) stretching vibration at 2150 cm−1 12,13 (Figure 13.8 – blue 
spectrum). The differences of the materials identified in both regions of 
the postmark contradicted the statements of authenticity declared pre-
viously by some philately experts. Again, as in the previous case study 
presented in this chapter, raman microscopy was revealed to be crucial 
to unveiling the truth behind what, to the naked eye, seemed to be an 
original philatelic object.

regarding the analysis of the 90 reis stamp, its observation under magni-
fication (Figure 13.7, right) evidenced the presence of a yellowish matrix on 
which a reddish component is dispersed. rM analysis of this reddish com-
ponent consistently identified the characteristic raman bands of vermilion 
(α-hgs) at 252, 284 and 342 cm−1,10 Figure 13.9.

Figure 13.9    representative raman spectrum analysis of the postmark red ink on 
the envelope and on the stamp, where the characteristic raman bands 
of vermilion (α-hgs) can be identified.



193Raman Spectroscopy as a Cultural Heritage Forensic Tool

FTIr-ATr‡‡ analysis of the yellowish matrix allowed us to identify – besides 
the characteristic absorption bands of cellulose of the envelope – the char-
acteristic absorption bands of a proteinaceous binder (namely the bands at 
1649 and 1547 cm−1),14 Figure 13.10a. On the other hand, Ir spectra of the 
red ink component present – besides the bands related to cellulose and the 
presence of a protein – an infrared absorption band at 1714 cm−1, character-
istic of carbonyl groups of carboxylic acids,14 Figure 13.10b. This, together 
with the Ch's absorption bands' profile at 3000–2840 cm−1 of the infrared 
region, suggests the presence of an oxidised triglyceride-based component 
in the reddish component formulation.

It is possible that the ink used for the postmark has been separated into 
its organic constituents during its drying process, where the pigment (α-
hgs) remained more agglutinated to the triglyceride component (although 
in this fraction the presence of some proteinaceous material is also 

‡‡ An infrared spectrometer BrUKEr hyperion 3000 equipped with a single point MCT detec-
tor cooled with liquid nitrogen and a 20× ATr objective with a ge crystal of 80 µm diameter 
were used. Infrared spectra were acquired with a spectral resolution of 4 cm−1, 32 scans, in the 
4000–650 cm−1 of the infrared region.

Figure 13.10    representative infrared spectra of the yellowish (a) and red (b) com-
ponents present in the postmark ink, where it is possible to identify 
the absorption bands related to a proteinaceous binder (1649 and 
1547 cm−1) and to an oxidised triglyceride-based component (1714 
cm−1) on the paint's formulations. The inset shows a magnified 
image highlighting the spots of analysis.
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identified), whereas the surrounding region (yellowish ink) remained more 
enriched in the proteinaceous binder initially present in the stamp ink's 
formulation. As these compositions were found either on the stamp and/or 
the region of interface on the seal-envelope, it became possible to infer the 
originality of the seal location, since the postmark is present continuously 
and in a non-uninterrupted way in the interface of the seal-envelope. Also, 
the homogeneity of the composition of red inks present in the envelope, as 
well as the yellowish matrix, corroborated this result. A shrinkage process 
in the drying process of the red ink used by the post offices might be the 
reason for the presence of these two-colour regions: a more external yellow 
ink – enriched with a proteinaceous-based component – and a more inter-
nal red ink, where the presence of the red pigment (vermilion), together 
with an oxidised triglyceride-based component and some proteinaceous 
binder were identified.

13.4   Final Remarks
some of the results presented and discussed turned out to be surprising, 
once the molecular information contradicted the expected results by the 
owners and authorities who requested the analysis. For all of the results pre-
sented here, complementary analytical techniques were used to corroborate 
the molecularity identified by raman microscopy, reflecting the robustness 
of the technique and its usefulness for forensic research.
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