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ABSTRACT

The Vice-Roy’s Portraits Gallery hosted at the Old Goa Museum of the Archaeological Survey of In-
dia in Goa, India, is a unique panel painting collection, spanning from the 16th till the 18th centuries,
and representing the Portuguese Viceroys and Governors who administrated the Portuguese provinces
in the coastal region of the Indian Ocean. During the Old Goa Revelations project (a collaborative inter-
institutional consortium between Evora University HERCULES Lab, Lisbon University Fine Arts Faculty,
Archaeological Survey of India and Ghent University), this important collection of panel paintings was
examined in-situ using a non-invasive approach with mobile analytical instrumentation. Next to a series
of imaging techniques, point analysis has been performed, using both, elemental and molecular spectro-
scopic methods. On the one hand, handheld X-ray fluorescence analysis and macro X-ray fluorescence
imaging was used to obtain the elemental composition and its distribution on pictorial support, while
on the other hand mobile Raman spectroscopy was implemented to obtain molecular information. These
non-invasive techniques were used to determine the composition of the paint layers and to study the
different treatments (e.g. overpainting, changes in compositions, etc.) that the artworks have witnessed

since their creation.

© 2024 Consiglio Nazionale delle Ricerche (CNR). Published by Elsevier Masson SAS. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

1. Introduction

On the first floor of the Archaeological Museum of Old Goa
there is a collection of more than a hundred paintings depicting
the Portuguese Governors and Viceroys of India (Fig. 1).

These portraits are paintings of large dimensions (about
205 cm x 115 cm) that started to be executed in 1547, when the
viceroy D. Jodo de Castro commissioned to a local artist his own
portrait and the portrait of his 12 predecessors. Later, in 1585, the
paintings were restored for the first time, by demand of the Gov-
ernor Ferndo Teles de Menezes, and at the same time he commis-
sioned ten more paintings [1-6].

In the beginning of the nineteenth century, the collection was
retrieved from the Viceroys Palace, in Old Goa, which was then
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demolished. In 1839, the portraits suffered a poor restoration in-
tervention by a painter who decided to overpaint large missing
and or damaged areas. In the end of nineteenth, between 1893 and
1894, the military Manuel Gomes da Costa restored the collection.
He repainted the backgrounds with dark colours and the faces and
costumes of the Viceroys, the arms, hands and legs positions were
also modified. In paintings that were in better conditions, he only
repainted the background and has done small retouches [1-6].

Between 1953 and 1957, seven of the paintings came to Lisbon
to be restored. During this intervention the overpainting was re-
moved, and after the restoration, three of them were sent back to
Goa. From the remaining four paintings, in 1961, the portrait of D.
Jodo de Castro was also sent to Goa, while the other three were in-
corporated in the collection of the Museu Nacional de Arte Antiga
[1-6].

In the period between 1974 and 1998, some conservation inter-
ventions were done to the Goa portraits, and the last one was in
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Fig. 1. Collection of the Portuguese Governors and Viceroys of India portraits, Archaeological Museum of Old Goa.

Fig. 2. Portrait of the viceroy D. Jodo de Castro with the mapping of the points
analysed by h-XRF and mobile Raman spectroscopy.

the years of 1997 and 1998 following procedures and criteria of the
epoch [1-6].

This important collection of panel paintings has been examined
in-situ using a non-invasive approach with mobile analytical in-
strumentation in the scope of the project Old Goa Revelations: New
Insights on the Viceroys Portrait Gallery, a project financed by the
Portuguese Science and Technology Foundation, that is focused on
the application of non-invasive techniques.

Although invasive methods produce more detailed data on the
materials present in artworks, in the context of this project it was
not possible to collect any samples as the owner of the collection
did not authorize this approach. So, the material characterization
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of the paintings had to be conducted just with non-invasive ana-
lytical instruments.

Considering the various options and the objectives of the study,
and after surveying the portraits with imaging techniques such
photography, UV fluorescence photography, infrared reflectography
and X-ray radiography, for the recognition of altered areas of the
paintings by previous conservation treatments, handheld X-ray flu-
orescence spectrometry (h-XRF), mobile Raman spectroscopy and
macro X-ray fluorescence imaging (MA-XRF) techniques were cho-
sen for the purposes of material characterization, expecting to
discriminate between original compositions and conservation in-
terventions, and to reveal the underneath layers corresponding
to hidden decoration armours, coats of arms, golden decorations
among others. The selection of these techniques was based also on
availability and on the criteria of combining elemental and molec-
ular analysis instrumentation. h-XRF, mobile Raman spectroscopy
and MA-XRF are three of the in situ analytical tools that had signif-
icant advances in terms of portability, sensitivity, data acquisition
times, readiness of results availability. In the case of MA-XRF, the
most recent developed instruments are able to produce a chemical
image of a relatively large area, being possible to simultaneously
obtain multiple chemical elements maps in a relatively fast way or
even in real time [7-26].

2. Research aim

This work is inserted in the scope of the collaborative project
Old Goa Revelations: New Insights on the Viceroys Portrait Gallery,
which integrates a multidisciplinary team of researchers. The main
objectives of this project are the material characterization of the
Viceroys portraits; to contribute to a better understanding of their
history, because along the centuries they suffered profound alter-
ations as a consequence of restoration interventions; and to help
in the decisions to be made in future conservation/restoration in-
terventions.

In this paper, the results of combining h-XRF, mobile Raman
spectroscopy and MA-XRF in the study of three viceroys’ portraits
are presented. This are the portraits of D. Jodo de Castro, D. Ferndo
Teles de Menezes and D. Manuel de Souza Coutinho. This study il-
lustrates the potential of the combined use of these non-invasive
analytical tools in the study of areas of the paintings where pic-
torial alterations (e. g. overpainting, changes in composition, etc.)
have occurred, allowing to visualize the original painting that was
then overpainted in conservation interventions, and identify the
materials in original and non-original layers of the studied paint-
ings. The paintings chosen for presenting in this paper are, among
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the viceroys’ collection, those that best meet the objectives of this
article.

3. Materials and methods

In this work, the portraits of the viceroys D. Jodo de Castro, D.
Ferndo Teles de Menezes and D. Manuel de Souza Coutinho were
initially studied by a series of imaging techniques - photography,
UV fluorescence photography, infrared reflectography and X-ray ra-
diography - that allowed to identify areas on the paintings that
have suffered pictorial changes.

1L Pinkish white, neck
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Following the information obtained by these imaging tech-
niques, the identified altered areas of the paintings were submit-
ted to point analysis using both elemental and molecular spectro-
scopic methods. Handheld X-ray fluorescence spectrometry (h-XRF)
was used to obtain the elemental composition and its distribution
on pictorial support, and mobile Raman spectroscopy was imple-
mented to obtain molecular information. Additionally, MA-XRF was
used to complement the elemental analysis by h-XRF and the el-
emental maps obtained revealed some of the major pictorial al-
terations that the paintings have suffered along the time due to
several interventions.
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and 343 cm™'), barite (986 cm~!) and lead white (1056 cm™') [27-29].
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3.1. Handheld X-ray fluorescence spectrometry (h-XRF)

A Bruker Tracer 5i handheld X-ray fluorescence spectrometer
(spot size of 3 mm), equipped with a rhodium X-ray tube and a
X-Flash SDD detector. The spectra were obtained using a voltage of
40 kV and a current intensity of 30 nA, with an acquisition time
of 60 s. After acquisition, the spectra were processed using ARTAX
(Bruker) software.

3.2. Mobile Raman spectroscopy

Mobile-Raman analyses were performed with a Enwave
EzRaman-I Dual (DR) portable spectrometer equipped with a fi-
bre optic head allowing an analysis spot size of ~0,5 mm, and a
thermo-electrically cooled CCD detector. Spectra were acquired us-
ing a near-infrared 785 nm excitation in the spectral region of 100-
2350 cm~1.

5. Reddish yellow, right leg
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During the analysis, the probe head of the Raman spectrome-
ter was manually positioned and kept in contact with the panels’
surface.

3.3. Macro X-ray fluorescence imaging (MA-XRF)

The MA-XRF examinations were made with a CRONO Bruker
spectrometer. The system is constituted by a measurement head
mounted on a motorized stage capable of scanning areas of
60 cm x 45 cm at a speed of 42 mm/s (imaging lateral resolu-
tion of 0,5 mm). The scans were made in a non-contact mode with
focus distance of 5-7 mm. The spectrometer is equipped with a
rhodium X-ray tube and a large area 50 mm?2 SDD detector with
CUBE technology. The spectra were obtained using a voltage of
50 kV and a current intensity of 200 wA. Data acquisition and pro-
cessing was made with CRONO and ESPRIT Bruker softwares.
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Fig. 3b. XRF and Raman spectra obtained in the analysis of the viceroy D. Jodo de Castro (points 5 to 9). The symbols ~, x and # correspond respectively to vermilion (254
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baseline correction).

125



A.E Machado, S. Valadas, P. Vandenabeele et al.
4. Results and discussion
4.1. Portrait of D. Jodo de Castro

The portrait of the viceroy D. Jodo de Castro is one of the paint-
ings that was restored in the middle of the twentieth century in
Lisbon and returned to Goa. Fig. 2 depicts the portrait of D. Jodo
and the points analysed by h-XRF and mobile Raman spectroscopy,
and in Figs. 3a and 3b are presented the XRF and Raman spectra
obtained.

The analysed points correspond to the painting’s main colours:
white, red, yellow and green.

In relation to the white colour, the coat of arms and the neck
were analysed (points 1 and 2), and the neck exhibits a pinkish
white colour. For both, h-XRF reveals the presence of calcium,
barium, titanium, manganese, iron, copper, zinc and lead. The
XRF spectrum of the pinkish white neck (point 1) also shows a

c)
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peak for mercury. The Raman spectra acquired in the same points
as h-XRF exhibit peaks attributed to barite (986 cm~!) and lead
white (1056 cm~1) for both cases [27-29]. The pinkish tone of the
neck is due to the presence of vermilion, as the spectrum shows
absorptions at 254 and 343 cm~! [27-29].

The presence of zinc and titanium may be attributed to the
use of zinc white and titanium white in twentieth century inter-
ventions, calcium is due to the ground layer (made of gypsum or
chalk), manganese and iron are related to ochre pigments applied
in layers under the superficial one, and finally copper may be at-
tributed to a blue or green pigment originally applied in the execu-
tion of the coat of arms and that was covered by the white paint.

In relation to the colour red, all XRF and Raman spectra in Figs.
3a and 3b (points 3, 4 and 5) account for the presence of vermil-
ion, except the Raman spectrum of point 3. As it can be seen in
the corresponding XRF, the peak for Hg has a very weak intensity
and vermilion was not detected by Raman spectroscopy (the spec-

Fig. 4. Detail of the portrait of D. Jodo de Castro with the indication of the area analysed by MA-XRF (a); corresponding detail of a photograph from the time of the
restoration of 1954 (b); detail of a reproduction of the painting dated from 1560 (c); MA-XRF combined map of the elements Cu and Cr, overlaid in the visible image (d);

MA-XRF map of Cu (e); MA-XRF map of Cr (f).
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Fig. 5. Portrait of D. Ferndo Teles de Menezes with the indication of the area analysed by MA-XRF (a); corresponding radiography (b); detail of a reproduction of the painting
dated from 1646 (c); MA-XRF combined map of the elements Sn and Pb (d); combined map of the elements Cu, Sn and Hg (e).

trum does not show any absorption at 245 and 343 cm~! as do
spectra responding to points 4 and 5). Besides this, in the coat of
arms, Raman spectrum reveals a lot of fluorescence, and it was not
possible to identify any red pigments by this technique. It is pos-
sible also that a red lake has been applied in this case or an iron
oxide pigment, as iron was also detected by h-XRF. Furthermore,
chromium was detected in points 3 and 4, suggesting the presence
of chrome yellow. Taking into account the removal of repaints in
the twentieth century, we could assume that the chrome yellow
was used in the intervention of 1953.

In what concerns to the yellow colour of the background, h-XRF
reveals again the presence of chromium, in both analysed points
(6 and 7), suggesting the use of chrome yellow. This element is
also present in the colour green of points 8 and 9, and it can be
also due to the presence of this pigment in the layers under the
green layers, which contain a copper pigment, according to h-XRF
results.

It is interesting to verify that copper was also identified in the
point 6 corresponding to the yellow background, but in point 7
there is no copper. This result might be surprising, but by using
MA-XRF analysis (Fig. 4) this could be better understood.

In a photograph from the time of the restoration of 1954
(Fig. 4b), it is visible the remains of a crown of leaves in the head
of D. Jodo, which is very similar to the one depicted on a repro-
duction of this painted dated from 1560 (Fig. 4c).

The map of copper obtained by MA-XRF (Fig. 4d and e) reveals
the existence of remains of this crown of leaves of D. Jodo. On the
other hand, MA-XRF shows the presence of chromium in a semi-
circular area around D. Jodo’s head. This corresponds to a chrome
yellow paint applied to cover the remains of the crown of leaves.

Also, copper is present in part of the leaves that D. Jodo holds
in his right hand. This part coincides just with the remains of the
original leaves that we can see in the photo of 1954.
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These original leaves are covered by a paint made of a
chromium green pigment such as viridian, chrome oxide green or
chrome green as it can be seen in the MA-XRF map. Chromium
is also present but in less quantity in the rest of the yellow back-
ground.

4.2. Portrait of D. Ferndio Teles de Menezes

A reproduction of the portrait of the viceroy D. Ferndo Teles de
Menezes dating from 1646 suggests that his painting was greatly
modified in a restoration intervention (Fig. 5).

The costume of D. Ferndo in the reproduction is completely dif-
ferent from that of the portrait and X-Ray radiography (Fig. 5b)
confirms that the painting was modified.

In this case, the MA-XRF demonstrates the existence of the
original painting under the actual one. The elemental maps (Fig. 5d
and e) produced by MA-XRF clearly exhibit the same features de-
picted in the reproduction. The original costume of Ferndo Teles
de Menezes still exists, at least partially, as it may be seen in the
maps of MA-XRF for tin, lead, copper and mercury, which account
for the presence of lead-tin yellow and vermilion.

4.3. Portrait of D. Manuel de Souza Coutinho

In the case of viceroy D. Manuel de Souza Coutinho painting, by
comparison with a reproduction from 1646 it is possible to verify
an alteration on the cape of D. Manuel Coutinho.

This evidence could help the interpretation of the h-XRF anal-
ysis (Fig. 6) in these altered zones. The presence of Hg in point
1 referred to the location of a red cross that is overpainted. Tes-
timony of this can be observed with the naked eye or by using
ranking light, as relief is visible on the surface of the painting.
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Fig. 6. Portrait of D. Manuel de Souza Coutinho with the mapping of the points analysed by h-XRF (a); detail of a reproduction of the painting dated from 1646 (b); portrait
with MA-XRF combined map of the elements Cu, Au and Hg (d); h-XRF spectra of points 1 and 2 (d).

The combined map of copper, gold and mercury obtained by
MA-XRF (Fig. 6¢) also unveils a cross in the cape of D. Manuel de
Sousa Coutinho.

5. Conclusions

The study of these three paintings from the collection of the
Portuguese viceroys of India, belonging to the Archaeological
Museum of Goa, shows that combining in-situ elemental and
molecular analytical techniques (h-XRF, MA-XRF and mobile
Raman spectroscopy) is a powerful approach for the material
characterization of a painting, as it furnishes a great deal of
information that considerably reduces the number of samples to
be collected, in the case of being strictly necessary to collect sam-
ples, depending on the objectives of the study. In this study, the
main pigments were identified only with the use of non-invasive
techniques, though it was not possible to confirm the ground layer
filler. Also, these techniques did not allow the identification of the
binders and varnishes in the paintings.

Moreover, the information produced by these techniques allow
mapping the materials on a painting, accessing to the composi-
tion of the underlayers and discriminating between original and
non-original materials applied, in cases where a painting was pro-
foundly modified in restoration interventions.

Acknowledgements

The authors would like to acknowledge the following insti-
tutions for support and funding: The Archaeological Survey of
India, Ministry of Culture Government of India; ASI Goa Circle; ASI

Museum Old Goa; Exploratory project granted by FCT - Portuguese
Foundation for Technology and Science (2022.10305.PTDC); Foun-
dation Oriente; Calouste Gulbenkian Foundation; Portuguese
Ministry of Foreign Affairs; Museu Nacional de Arte Antiga;
Diregdo-Geral do Patriménio Cultural.

References

[1] G. Correia, R. Felner (Eds.), Lendas Da India. IV, 2, Academia Real das Sciencias,

Lisboa, 1866.

V. Serrdo, Painting and worship in Goa during the period of iberian union:

the Santa Ménica monastery at ‘Monte Santo’ (c. 1606-1639) and its artists,

Oriente 20 (2011) 11-50.

T. Reis, A Galeria de Retratos Dos Vice-Reis e Governadores Do Estado da India.

Percurso para a Sua Reinterpretacdo e Salvaguarda, Faculdade de Belas Artes,

Universidade de Lisboa, 2023 PhD thesis.

T. Reis, D. Reis, The challenging science of conserving Indo-Portuguese paint-

ings, The Herald, Goa, 2020.

T. Reis, S. Valadas, A. Machado, L. Piorro, A. Cardoso, F. Pereira, T. Caldeira,

M. Reis, A. Candeias, Old Goa Revelations: a Collaborative project on the shared

heritage between India and Portugal, in: Transcending boundaries: Integrated

approaches to conservation. Ed. Janet Bridgland, ICOM-CC 19th triennial Con-
ference preprints, ICOM, Beijing, 2021, pp. 17-21. May.

[6] A.M. Jordan, Uomni Illustri. A série de retratos dos vice-reis portugueses em
Goa, in: Francisco Paulino (Ed.), Tapecarias De Jodo de Castro, Lisboa: Comis-
sdo Nacional para a Comemoragdo dos Descobrimentos Portugueses, 1995,
pp. 73-78.

B. Stuart, Analytical Techniques in Materials Conservation, Chichester: John Wi-
ley & Sons, Ltd, 2007.

P. Vandenabeele, F. Verpoort, L. Moens, Non-destructive analysis of paintings
using Fourier transform Raman spectrocopy with fiber optics, J. Raman Spec-
trosc. 32 (2001) 263-269.

[9] P. Vandenabeele, T.L. Weis, E.R. Grant, L]. Moens, A new instrument adapted
to in-situ Raman analysis of objects of art, Anal. Bioanal. Chem. 379 (2004)
137-142.

[10] J. Striova, C. Ruberto, M. Barucci, J. BlaZzek, D. Kunzelman, A. Dal Fovo,
R. Fontana, Spectral imaging and archival data in analysing madonna of the

2

3

[4

(5

(7

(8


http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0001
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0002
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0003
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0004
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0005
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0006
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0007
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0008
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0009
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0010

A.F. Machado, S. Valadas, P. Vandenabeele et al.

rabbit paintings by manet and titian, Angew. Chem. Int. Ed. 57 (25) (2018)
7408-7412.

[11] H. Liang, Advances in multispectral and hyperspectral imaging for archaeology
and art conservation, Appl. Phys. A 106 (2011) 309-323.

[12] C. Cucci, ]. Delaney, M. Picollo, Reflectance hyperspectral imaging for investi-
gation of works of art: old master paintings and illuminated manuscripts, Acc.
Chem. Res. 49 (10) (2016) 2070-2079.

[13] C. Cucci, S. Bracci, A. Casini, S. Innocenti, M. Picollo, L. Stefani, M. Scudieri,
The illuminated manuscript Corale 43 and its attribution to Beato Angelico:
non-invasive analysis by FORS, XRF and hyperspectral imaging techniques, Mi-
crochem. J. 138 (2018) 45-57.

[14] J. Delaney, ]. Zeibel, M. Thoury, R. Littleton, M. Palmer, K. Morales,

A. Hoenigswald, Visible and infrared imaging spectroscopy of Picasso’s

Harlequin musician: mapping and identification of artist materials in situ,

Appl. Spectrosc. 64 (6) (2010) 584-594.

A. Mounier, A. Daniel, Hyperspectral imaging for the study of two thir-

teenth-century Italian miniatures from the Marcadé collection, Treasury of

the Saint-Andre Cathedral in Bordeaux, France, Stud. Conserv. 60 (S1) (2015)

$200-S209 Issue supl: Issue.

K. Janssens, ]. Dik, M. Cotte, J. Susini, Photon-based techniques for nondestruc-

tive subsurface analysis of painted cultural heritage artifacts, Acc. Chem. Res.

43 (6) (2010) 814-825.

F. Romano, C. Caliri, P. Nicotra, S. Di Martino, L. Pappalardo, F. Rizzo, H. Santos,

Real-time elemental imaging of large dimension paintings with a novel mobile

macro X-ray fluorescence (MA-XRF) scanning techniquef, J. Anal. At. Spectrom.

32 (4) (2017) 773-781.

[18] P. Moioli, C. Seccaroni, Analysis of art objects using a portable x-ray, X-ray
Spectrometry 29 (2000) 48-52.

[19] B. tach, T. Fiutowski, S. Koperny, P. Krupska-Wolas, M. Lankosz,
A. Mendys-Frodyma, W. Dabrowski, Application of Factorisation Methods
to Analysis of Elemental Distribution Maps Acquired with a full-field XRF
imaging spectrometer, Sensors 21 (23) (2021) 7965.

[15]

[16]

[17]

129

Journal of Cultural Heritage 68 (2024) 122-129

[20] L. Sottili, L. Guidorzi, A. Mazzinghi, C. Ruberto, L. Castelli, C. Czelusniak,
A.L. Giudice, The importance of being versatile: iNFN-CHNet MA-XRF scanner
on furniture at the CCR “La Venaria Reale, Appl. Sci. 11 (3) (2021) 1197.

[21] A. Loon, P. Noble, A. Krekeler, G.V. Snickt, K. Janssens, Y. Abe, ]. Dik, Artificial
orpiment, a new pigment in Rembrandt’s palette, Herit. Sci. 5 (2017) 26.

[22] A. Loon, A. Vandivere, J.K. Delaney, KA. Dooley, S.D. Meyer, F. Vanmeert,
G.R. Davies, Beauty is skin deep: the skin tones of Vermeer's Girl with a pearl
earring, Herit. Sci. 7 (2019) 102.

[23] D. Lauwers, A.G. Hutado, V. Tanevska, L. Moens, D. Bersani, P. Vandenabeele,

Characterisation of a portable Raman spectrometer for in situ analysis of art

objects, Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. 118 (2014) 294-301.

D. Lauwers, A. Candeias, A. Coccato, J. Mirao, L. Moens, P. Vandenabeele, Eval-

uation of portable Raman spectroscopy and handheld X-ray fluorescence anal-

ysis (hXRF) for the direct analysis of glyptics, Spectrochim. Acta Part A: Mol.

Biomol. Spectrosc. 157 (2016) 146-152.

A. Rousaki, C. Vazquez, V. Aldazabal, C. Bellelli, M.C. Calatayud, A. Hajduk,

E. Vargas, O. Palacios, P. Vandenabeele, L. Moens, The first use of portable

Raman instrumentation for the in situ study of prehistoric rock paintings in

Patagonian sites, J. Raman Spectrosc. 48 (11) (2017) 1459-1467.

P. Vandenabeele, H.G.M. Edwards, L. Moens, A decade of Raman spectroscopy

in art and archaeology, Chem. Rev. 107 (3) (2007) 675-686.

[27] P. Vandenabeele, H.G.M. Edwards, ]. Jehlicka, The role of mobile instrumenta-
tion in novel applications of Raman spectroscopy: archaeometry, geosciences,
and forensics, Chem. Soc. Rev. 43 (8) (2014) 2628-2649.

[28] LM. Bell, RJ.H. Clark, PJ. Gibbs, Raman spectroscopic library of natural and
synthetic pigments (pre-similar to 1850 AD), Spectrochim. Acta Part A: Mol.
Biomol. Spectrosc. 53 (12) (1997) 2159-2179.

[29] L. Burgio, RJ.H. Clark, Library of FT-Raman spectra of pigments, minerals, pig-
ment media and varnishes, and supplement to existing library of Raman spec-
tra of pigments with visible excitation, Spectrochim. Acta Part A: Mol. Biomol.
Spectrosc. 57 (7) (2001) 1491-1521.

[24]

[25]

(26]


http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0010
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0011
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0012
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0013
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0014
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0015
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0016
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0017
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0018
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0019
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0020
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0021
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0022
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0023
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0024
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0025
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0026
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0027
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0028
http://refhub.elsevier.com/S1296-2074(24)00110-9/sbref0029

	Combining in situ elemental and molecular analysis: The Viceroys portraits in Old Goa, India
	1 Introduction
	2 Research aim
	3 Materials and methods
	3.1 Handheld X-ray fluorescence spectrometry (h-XRF)
	3.2 Mobile Raman spectroscopy
	3.3 Macro X-ray fluorescence imaging (MA-XRF)

	4 Results and discussion
	4.1 Portrait of D. João de Castro
	4.2 Portrait of D. Fernão Teles de Menezes
	4.3 Portrait of D. Manuel de Souza Coutinho

	5 Conclusions
	Acknowledgements
	References


