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Introduction

When viewing an art work, for instance a
painting, we frequently have the wrong
impression in that we think we are
seeing the same as the artist painted
and intended. We often forget that over
the hundreds of years that may have
elapsed, the painting has been subjected
to an oxidising environment and in direct
contact with many active substances.
The materials used by the artist, although
solid or semi-solid and thus not very reac
tive, are not fully inert and they have had
a long time to react. One must also keep
in mind the multiple invasive treatments
and environments the artwork may have
suffered over the years while being on
display either in its original place or in
private collections, on walls or stored in
a museum.

The identification of materials and
production techniques, aging processes,
reaction compounds and impurities
make the study of paintings an intrigu-
ing science from a chemical point of
view, as well as the obvious historic and
stylistic interest. Many of the substances
we are interested in are found in very
small proportions, deposited in sub-
millimetre thick and very heterogeneous
layers. Moreover, for obvious reasons, the
amount of sample available for analysis
is very small. All this makes their study a
challenge for the scientist.

Microspectroscopy techniques play
a very important role in taking on this
challenge. Fourier transform infrared
(FT-IR) microspectroscopy and Raman

16 SPECTROSCOPYEUROPE

spectroscopy are both widely used for
the study of these kinds of materials.'™
Over the last few years the use of infra-
red radiation emanating from a synchro-
tron as a source for FT-IR spectroscopy
has enabled better detection limits of
certain substances and has opened new
avenues for the research of ancient paint-
ing materials.'™

Any information about the materials
present in a painting is of great impor-
tance when proposing strategies of
conservation and restoration for an art
work. Moreover, it also offers the art
historian new resources to establish rela-
tionships between painters and also to
artist schools of the period.

The combination of using various
analytical techniques on the same
sample helps to overcome certain limi-
tations and to obtain more precise
information on the composition and
distribution of the several substances
present. Additional to the spectroscopy
techniques herewith presented, X-ray
diffraction with synchrotron radiation and
scanning electron microscopy (SEM) are
also commonly combined.

The change in the pictorial technique
used in panel painting during the 15"
century in Catalonia and, in general in
the area under the crown of Aragon,
make their study a subject of especial
interest from the materials point of view.®
During this period, the egg yolk tempera
traditional technique was substituted by a
drying oil, i.e. linseed oil. However, both
techniques are often found together in

the same altarpiece. These two binders
behave differently chemically. However,
the reaction products are often the same
since both contain lipids. The introduction
of the oil technique in Catalonia points to
the influence from the most active artis-
tic areas of the period, in particular, from
Flanders and ltaly. The analysis of the
painting materials is therefore of great
interest to the art historians.

Case study

Bernat Martorell is one of the most repre-
sentative Catalan painters of the first half
of the 15" century. He used the egg
tempera technique in all his paintings, at
least in those studied up to now. Figure 1
shows a section of one painting sample
extracted from a green area belonging to
the clothes of a figure from “retaule de
Sant Viceng de Menarguens” exhibited at
the Museu Nacional d'Art de Catalunya
(MNACQ) in Barcelona. The green paint
consists of a sequence of layers. The first
layer is formed by a mixture of gypsum
(CaS0,-2H,0) and binding media with
a protein-based agglutinating substance
that is related to animal glue. This layer
was applied directly onto the wood
surface, and acts as a ground layer over
which the several chromatic layers are
applied. This is the traditional technique
used to prepare the wood surfaces in
Catalonia and the introduction of the
oil technique did not change this. The
several painting layers are micrometres
in thickness, but with adequate mechani-
cal separation and thinning by means of
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Figure 1. Top left: detail of the altarpiece of “Sant Vicen¢ de Menarguens" by Bernat Martorell (15 century, MNAC), Photo: Calveras © MNAC-Museu
Nacional d'Art de Catalunya. Barcelona. Bottom left: optical image of cross-section from green sample. Right: synchrotron-sourced mid-IR FT-IR micro-
spectroscopy spectra corresponding to green sample from the altarpiece. Bottom: spectra from groundlayer. Middle, spectra from green layer. Top,
spectra from varnish layers and altered surface layer. (Spectra were recorded on Beamline 11.1 SRS Daresbury Laboratory, UK, using a Nicolet Nexus
FT-IR spectrophotometer, Nicolet Continuum microscope, MCT detector, 128 scans, 4cm™' resolution, spot size 10 um x 10 pm).
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a diamond-window compression cell, it
is possible to obtain good transmission
mid-IR spectra. Moreover, using a small
aperture size (of about 10um x 10um)
and the high signal-to-noise ratio achiev-
able when synchrotron mid-IR radiation
is utilised, adequate separation of the
different compounds forming the layer
may be obtained. This procedure allows
for identifying most of the pigments,
binders and also reaction and alteration
compounds forming the layers.

In Figure 1 a sequence of mid-IR spec
tra recorded from the layers correspond-
ing to the green paint (ground, chromatic
layers and vamish) are shown. The green
chromatic layer is formed by a mixture of
green, white and yellow pigments mixed
with egg yolk (appearing as a mixture of
proteins and lipids). The green pigment
identified corresponds to a mixture
of copper-based compounds includ-
ing copper hydroxychloride Cu,(OH)
Cl; (bands between 800cm™' and
1000cm™" are the planar deformation
modes of the —OH group) and copper
acetates. Copper-based green pigments
such as, copper acetates, hydroxyacetates
and hydroxychlorides obtained by the
reaction of copper with vinegar vapours,
were widely used during this period.
Variations of the recipes used included
the use of bronze and the addition of
salt held together with honey or soap.
This resulted in a large chemical varia-
bility of the compounds formed includ-
ing several molecules associated with
hydrated water and containing hydroxide
groups, which makes the study of these
pigments particularly complex and inter-
esting. These compounds usually show
a turquoise hue, which was corrected
by mixing them with yellow and white
pigments. The white pigment is lead
white; a mixture of lead basic carbon-
ate, hydrocerussite 2PbCO5-Pb(OH),),
and lead carbonate, cerussite PbCOs.
Lead white was the most commonly
used pigment for centuries. The yellow
pigment identified is a lead stannate
widely used in the period, which has its
origin in the glass industry.

The pigment used by Bernat Martorell
is the lead stannate of type II, Pb(Si,Sn)
O5 which differs from type | by the pres-
ence of silicon substituting tin and by
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Figure 2. Mid- and far-IR synchrotron-sourced FT-IR microspectroscopy spectra correspond-

ing to paint layers that contain yellow pigment. Top: from yellow layer from the sample of the
altarpiece “L'aparicicé de la Mare de Déu a Sant Francesc a la Porcidncula” (15" century, MNAC).
Middle: from green layer from the sample of the altarpiece of “Conestable” by Jaume Huguet
(15" century, Santa Agata chapel, Barcelona). Bottom: from green layer from the sample of “Sant
Vicenc de Sarria" by Bemat Martorell (15" century, MNAC). (Spectra recorded using Beamline

IR 1 on the synchrotron light source ANKA, Germany, and a Bruker IFS 66v/s, Bruker IRScope ||
microscope, MCT mid-IR detector and 4.2K bolometer for the range 700-200cm™, 128 scans,
4cm! resolution, spot size 10pum x 10pm and 50 pm x 50 pm for the mid-IR and far-IR regions,

respectively).

its crystallographic structure. The use
of this pigment corroborates his Italian
influence contrasting with other contem-
porary painters closer to the Flemish
school. In the mid-IR region the lead
tin yellow type Il pigment is identified
by the Si—O stretching vibration bands,
while the type | pigment is transpar-
ent for wavenumbers above 600cm™.
Consequently, it is possible to differenti-
ate type | and type Il pigments in the low
frequency region <600cm™". The use
of synchrotron sourced far-IR radiation
with FT-IR microspectroscopy coupled
with a bolometer detector allows stud-
ies in the far-IR region and thus expands
the possibilities of this technique in the
study of ancient paintings. However,
diffraction effects require the use of a
bigger spot size (of about 50 um diam-
eter) than for the mid-IR region, thus
limiting the separation of compounds
that may be obtained. Figure 2 shows
both the mid- and far-IR regions corre-
sponding to three yellow paints from the
period studied; the top spectrum corre-
sponds to the same sample shown in
Figure 1, the middle and bottom spec
tra correspond to a lead stannate of
type | mixed with egg yolk and drying
oil, respectively. Both compounds show

characteristic bands in the far-IR region.
Both yellow pigments may also be
identified using Raman microspectros-
copy (characteristics bands at 78 cm™,
128cm™', 196cm™, type |, and 69cm™,
139cm™!, type II); Figure 3 shows the
Raman spectra corresponding to the
three same painting mixtures as shown
in Figure 2.

On the top of the chromatic layers, a
varnish is often applied to give brilliancy
and protection to the paint. Obviously,
those are the layers appearing more
altered and which have undergone
more interventions and atmospheric
depositions. Although there is no direct
evidence of their use in the period stud-
ied, varishes were often applied later to
protect the paintings. Figure 1 shows the
presence of two different vanishes. The
inner layer corresponds to a triterpenoid
resin, while the most external layer corre-
sponds to a modern acrylic substance
that was applied in the latest restora-
tion of the artwork. Although varnishes
are known to have been used since
very ancient times, it is not until the 16"
century that they were regularly used in
paintings to protect the chromatic layers.
Triterpenoid resins have been used for
centuries and therefore it is not possi-
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Figure 3. Raman spectra collected on particles of yellow pigment. Bottom and middle: lead

tin yellow type | from yellow layer from the sample of the altarpiece “L'aparicié de la Mare de
Déu a Sant Francesc a la Porcitincula” and from green layer from the sample of the altarpiece of
"Conestable" by Jaume Huguet, respectively. Top: lead tin yellow type Il from green layer from the
sample of “Sant Vicenc de Sarria" by Bernat Martorell. (Spectra recorded using a Thermo Scientific
DXR Raman microscope, 633nm excitation, 100x objective lens, power <1mW).

ble to know to which historic period they
correspond.

Finally, the IR spectra correspond-
ing to the chromatic layers show also
the presence of some carboxylate salts,
compounds formed by the reaction of
the free fatty acids, produced by aging
of the lipid substances, with metal
ions such as lead and copper from the
pigments. However, previous studies
have shown a preference for copper if
present in the formation of carboxylates.
In the case studied here copper carbox-
ylates have been formed. Oxalates are
also commonly found either in the chro-
matic, ground or varnish layers. Their
origin may be related to the degradation
of the organic matter which sometimes
has been associated to the bioactivity.
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Summary

The combination of different techniques
is indispensable for a good characteri-
sation of the materials forming ancient
paintings, and in particular when the
identity of compounds present in minor
amounts are to be determined. The use
of synchrotron radiation as a light source
provides advantages, since it produces
better quality spectra (better signal-to-
noise ratio) and a better spatial separa-
tion of compounds due to the small spot
size used.
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