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Abstract. FTIR, XRF, UV photography and optical microscopy were used to
investigate the painting layer as well as the wooden support of wooden icon representing
the Jesus Christ Judge. FT-IR evidenced a protein binder, most probable egg yolk used
in tempera technique while both FT-IR and XRF confirmed the presence of calcium
sulphate, a common component of gypsum primers. XRF attested the presence of Ca,
Cu, Zn, Ti, Sr, As, Hg and Pb as major components of pigments as well as of the Al
and Si, the last ones suggesting the use of synthetic ultramarine. All these observations
allowed to consider the probable age of the icon as the early nineteenth century, as well
as to evidence the ulterior interventions.
Key words: FTIR, XRF, Painting, Icon, Mineral pigments.

1. INTRODUCTION

In the Byzantine Empire, the word (image in Greek) referred to any representation of Jesus Christ, Virgin Mary, saints or events [1–4]. Today the term is used for
paintings, fresco, stained glass, sculptures or mosaics [2, 5–7].
There where two main tendencies in the evolution period of the religious art:
the Hellenistic one representing the Greek spirit of Syrian origin from Jerusalem and
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the Byzantine one, arbitrarily used to define the Orthodox art [3].
Throughout centuries the icons have been painted on various materials reflecting the local traditions and conditions. Wall, canvas, leather, papyrus, paper and
wood were the most usual supports [8–11].
As far as wood is concerned, oak seems to be the best option for a panel due
to its hardness and resilience, but other essences such as lime or white poplar were
currently used in spite of the risk to be attacked by the xylophage insects [11, 12].
The paint layer is coated with varnish made of vegetable resin to protect the colours
against physical and chemical factors as well as to make them more vivid [13, 14].
The Icon Art of Romania has its roots in Byzantine tradition transmitted by
the local disciples of the Byzantine painters, who worked together or imitated the
icons brought from that area. Tempera on wood [11, 15, 16] became the technique
mainly used in icon art in Romania beginning with the 15th centuries [17]. The
pigments used were of local origin, most of them of mineral source such as lead
white, cinnabar, minium or ocher.
In the 19th century the popular icons were marked by post-Byzantine influences
as well as by the post-Renaissance art of different monastic schools of such as those
from Cernica, Caldarusani or Buzau, gradually becoming more eclectic [15, 17].
The study of the pigments provides information regarding the period when an
icon was created, and eventually repaired or restored, all of them important in establishing the icon school as well as the icon authenticity [8, 10, 14, 18–23].
There are several physical methods used for a thorough qualitative and semiquantitative analysis of the pigments, such as: X ray fluorescence [21, 24], infrared
optical spectroscopy, FT-IR [25, 26], micro FTIR [20], X-ray diffraction [11, 27],
Scanning electron microscopy [17, 28] or Raman spectroscopy [1, 18, 29]. Due to
their specific and accurate, these methods are currently used in restoration procedures
[8], or to authenticate or to establish the origin of the works of art [18, 21, 27].
Romania has a rich treasure of painted icons dating from the sixteenth century
to the present. Most of the icons are the property of the monasteries, of various
dioceses or of private collections, but their study by modern analytical methods is
still in its infancy.
Thus, the outcomes of a complex investigation of a Byzantine icon most probably painted at the beginning of the 19th century and possible restored are presented
and analyzed in this paper.
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2. MATERIALS AND METHODS
2.1. ICON

The Jesus Christ as the Righteous Judge icon belonging to a Deisis iconographic style, and now owned by a private collector contains also the images of two
intercessors - the Virgin Mary and St. John the Baptistrs, represented in a manner
characteristic to the end of 18th - beginning of the 19th century (Figure 1a). The icon
is painted in tempera with a limited colour range (red, blue, green and white) on a
single wooden panel of 69 x 463 cm.
At the level of the support, the base coat is loose and flaked off with uneven
parts of the surface like a gabled roof. It presents also more cracquelures or burns
caused by candles as well as holes caused by the xylophages insects (Fig.1a, 1c).
A number of previous restoration works, empirically made, could be remarked
on both sides (Fig. 1b, 1d).
2.2. MICROSCOPY

The optical microscopes NIKON AZ 100 and LV100 D Elipse, equipped with
a Nikon D 90 SLR digital objective, were used to investigate the paint layer.
2.3. PHOTOGRAPHY

Photography in natural and ultraviolet light undertaken primarily to identify
previous intervention was done by using a Canon Power Shot Digital Camera S5IS
provided with an UV lamp.
2.4. FTIR SPECTROSCOPY

All measurements were performed by using a FT-IR spectrometer of Bruker
Tensor 27 FT in the spectral region 400 to 4000 cm-1 with a spatial resolution of 4
cm-1 . A dedicated Opus 6.0 software was used for the acquisitions and processing
of the FT-IR spectra. To improve the signal-to-noise ratio, each spectrum was each
spectrum was acquired by 64 scans. For this study, fragments of the icon paint layer
were homogenized with potassium bromide and compressed by a hydraulic press at
a pressure of 10-12 tf/cm2 for a few minutes.
2.5. X-RAY FLUORESCENCE

Nine areas with surfaces between 5 and 8 mm2 marked by XRF on Fig.1a and
b were investigated in situ by using a portable XRF spectrometer, InnovX Systems
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Fig. 1 – Two photographic images of the icon representing the painting layer (a) and the wooden panel
(a) together with the corresponding sketches (c, d) illustrating the most representative details. A
footnote legend explains the main features. By UV, FTIR and XRF are marked the areas investigated
by one of these methods.

Alpha Series type with tube tungsten anode (U=35 KV, 1=6 mA) with a SiPIN detector cooled by Peltier effect. Final XRF spectra were processed by using the Innov
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X for Windows softwareallowing to evidence the presence of 13 elements, i.e. S, Ca,
Ti, Cr, Fe, Cu, Zn, Sr, As, Sr, Ba, Hg and Pb.
In the case of blue pigment (XRF b area on Fig. 1a), the investigation was done
by a portable Bruker type S1 TITAN XRF spectrometer provided with Rh anode
(U=50 KV, I=100 mA). The spectra were processed using the specialized Bruker
Elemental software.
Both spectrometers were calibrated by means of their own internal calibration
facilities.
3. RESULTS AND DISCUSSION
3.1. MICROSCOPY

The measurements performed both in visible and UV spectrum evidenced a
fading process of the green and blue painting layer marked with FTIR1 respectively
FTIR2 on Fig. 1a. Moreover several uneven deposits which caused the appearance
of some darker areas as well a numerous flaking off were spots were noticed (see
Fig. 2a). Most probable, the aging of paint layer as well as the improper storage
conditions could be responsible for these damages.
3.2. PHOTOGRAPHY

The UV photography (Fig. 3a) evidenced a violet fluorescence in the area
marked by UV1 in Fig. 1a, previously reported as characteristic of the cinnabar
[16]. This finding was confirmed by subsequent XRF measurements that indicate the
presence of mercury (see next sections) as well as by the red color of the same area.

Fig. 2 – The macro-photographic images of the painting fragment [face (a) and obverse (b)] and of the
wooden panel [face (c) and obverse (d)], further investigated by FTIR.
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Fig. 3 – The UV photographic images of the UV1, UV2 and UV3 areas on Fig. 1.

As far as the painting fragment is concerned UV2 (Fig.1a, 3b), darker areas became more visible most likely due to a varnish layer added afterwards during further
restoration processes.
3.3. FTIR SPECTROSCOPY

FTIR technique was used to identify both the organic and inorganic compounds
used for the paint layer i.e. binder and pigments [30–32]. The FTIR spectra of
fragments FTIR1 and FTIR2 on Fig. 1a are reproduced in Fig.4a and 4b, while the
corresponding moieties are enumerated in Table 1.
In this respect, the FTIR spectra evidenced the C=O bond stretching and NH
bond bending bands found between 700 and 1500 cm-1 , both of them characteristic
to the amide groups of proteins. This finding is confirmed by the presence, between
1500 and 1700 cm-1 of the CH2 bond of the methylene group as well as by the -CH3
metyl group band at about 2900 cm-1 [27, 30, 33], all of them suggesting the presence
of egg yolk used as pigment binder and possible of the bone glue.
The same spectra show two intense bands specific to calcium sulphate located
between 1120 to 1153 cm-1 as well as a less intense bands of BaSO4 in the area 450
to 614 cm-1 . To all of them could be add the presence, between 3406 and 3542 cm-1 ,
of the hydroxyl group bands, most probable associated with the hydrated calcium
sulphate. Both Ca and Ba were further evidenced by XRF (see next section).
(c) 2016 RRP 68(No. 1) 191–202 - v.1.1a*2016.3.1
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Fig. 4 – The FT-R spectra of the painting (a) and wooden substrate (b) fragments whose photographic
images were reproduced in Fig. 2.

These peculiarities of the FTIR spectra are in good correlation with the technique used in Walachia, a historical region of Romania by the end of 18th th century
to the beginning of the 19th century in icon painting, technique consisting of the use
of tempera colour applied on a primer usually made of gypsum plaster and animal
glue [17].
3.4. XRF ANALYSIS

While the FTIR analysis is helpful in evidencing mainly the organic component of painting, the XFR is useful in identifying the nature of inorganic painting
pigments.
In the case of the Jesus Christ as the Righteous Judge icon, XRF revealed the
presence of 12 elements with atomic numbers greater than 13 but only the content of
Al, Si, Ca, Cu, Zn, As, Sr, Hg and Pb was enough high to considered them as main
component of both paint and ground layers. In this regard, the possible pigments
Table 1
FTIR characteristics of the samples FTIR1 and FTIR2 on Fig. 1 (wave number in cm-1 )

FTIR band
3542
3406
1621
1557
1416
1153
1121
672
614
450

Sample 1
+
+
+
+
+
+
+
+
+
+

Sample 2
+
+
+
+
+
+
+
+
+
+
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ν OH
ν OH
ν C=O
δ NH
δ CH2
CaSO4
CaSO4
νCH2
BaSO4
BaSO4
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were identified according to their elemental composition presented in the traditional
recipes [17, 34]. Regarding FRX data it should be emphasized the total absence of
Cr and Cd, two elements whose presence is related to different nuances of orange
and yellow, totally absent on this icon.
The small number of major elements identified in both painting and primer
layers is a reflection of the reduced chromatic of the icon, consisting, as mentioned
above only of different hues of red, green and blue and at a lesser extent of grayish
yellow and white. Accordingly, the XRF spectrum of the red background (XRF r1 of
Fig. 1a) indicate the lead as dominant component while Ca, Fe, Cu, Zn or Cu are two
to three order of magnitude less intense (Fig. 5a). This fact suggests the use of a red
pigment based on Pb minium, natural minium or synthetic lead red, both pigments
being used in antiquity. Moreover, the quasiabsence of Fe excludes the use of red
ochre as alternative red pigment.
Slightly different was the composition of red pigments of the Virgin Mary garment (XRF r2 on Fig. 1a). Probably to obtain a more intense red hue, the painter
used besides Pb minium, some amount of vermillion. Therefore the XRF spectrum
presents not only the dominant Pb line as in previous case, but also the Hg lines,
enough intense to be considered not an impurity (Fig. 5b).
In the case of white-graysh frontlet (XRF w on Fig. 1a), the XRF spectrum
showed with clarity the existence of lead, as major component of the painting pigment (Fig. 5c). The other elements present in spectrum are in so small quantity that
could be considered as impurities. The lead is the main constituent of white lead or
flake white used in European painting since antiquity until the 19th century when, do
to poisonous character of lead, it was gradually replaced by zinc white. Therefore, its
presence could testify for the icon authenticity. The XRF spectrum of the green area
marked with XRF g on Fig. 1a illustrates the presence of three dominant elements
Cu, As and Pb (Fig. 5d). The simultaneous presence of Cu and As suggests the use of
Sheeles green, a pigment utilized since the end of the 18th century and the beginning
of the 19th century [35], most probable mixed with lead white to obtain the desired
nuance of green.
The golden marginal area marked by XRF br on Fig. 1a, at a careful examination of its XRF spectrum (see Fig. 5e) showed two intense line of Cu and Zn
suggesting the presence of brass powder used to simulate the gold. The small traces
of As and Pb as well as the total absence of Cu (Fig. 5e) suggests the possible use
of small amount of vermillion and lead minium. Brass powder was used as pigment
the early 19th century and, therefore, one might conclude that either there was an
intervention in the paint layer, or the icon was painted after 1800 year.
The blue area of the garment, marked with XRF bl in Fig.1a, and whose XRF
spectrum reproduced in Fig 5f showed besides the Al, Si, Cl, Ca and Sr the lead as
dominant element. The total absence of Cu and Cr as well as the presence of Al, Si
(c) 2016 RRP 68(No. 1) 191–202 - v.1.1a*2016.3.1
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Fig. 5 – The XRF spectra of investigated areas of Fig. 1.

and Cl, together with traces of Ti, V, Zn and Zr suggest the use of the ultramarine
prepared from the natural lapislazuli, currently used form up to the thirteenth century.
It is worth mentioning that the ultramarine prepared from the natural lapislazuli was
(c) 2016 RRP 68(No. 1) 191–202 - v.1.1a*2016.3.1
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currently until half the first half of the 19th century when a synthetic variant of lapislazuli begun to be used in producing ultramarine pigment [11, 35]. In this regard, the
use of natural or synthetic ultramarine could be helpful in establishing the age of a
painting. In the case of present icon, the intense line of lead could be explained by
the use of a mixture of lead white and ultramarine to obtain the desired blue colour.
Moreover, it, should be remarked that the zinc white, as replacement of lead white
was used almost at the same time with synthetic ultramarine. Therefore, by taking
into account the presence of zinc, it could be suppose that the blue area of the Christs
garment was painted by using synthetic ultramarine.
The last section investigated by XRF on the icon face was located on the lower
right corner in a region of greenish colour (XRF m of Fig. 1a). Its XRF spectrum is
dominated by the Ca and Sr lines, while other elements which could be ascribed to
different mineral pigments such as Cr, Fe and Cu showed significantly less intense
lines (See Fig. 5g). Concerning this, the simultaneous presence of Ca and Sr XRF
lines suggests the use of a plaster made of Sr rich alabaster for the preparation layer
[36], onto a thin layer of paint, most probably earth green mixed with some amount
chromium trioxide was applied. The presence of Ti in small amount could suggests
either the Ti appears as impurity in alabaster, or a recent, 20th century intervention
[37, 38].
The XRF spectrum corresponding to central area of the back of the icon (XRF
b1 on Fig. 1a) showed the predominance of Ca and Zn lines an at a lesser extend
of Sr together with significantly less intense Pb, Ba and Fe lines (Fig. 5g). The
brown reddish colour and the presence of small amount of Fe indicate the use of a
thin ochre film deposited on a ground layer consisting, as in the previous case, of a Sr
rich plaster painted with zinc white and small amount of lead white. The presence of
an appreciable amount of Zn in contrast with its quasiabsence on the face of the icon
attests a restoration work, most probable before the third decade of the 20th century
when the titanium white replaced the zinc white.
In contrast with this observation, the second section investigated on the back of
icon marked by XRF b2 on the Fig. 1a, presents an XRF spectrum (see Fig. 5h) very
similar to those observed on the lower right corner of the icon face, i.e. completely
devoid of Zn. The sole explanation of this peculiarity consist of considering this
section as the original one but covered with the same ochre layer during a more
recent intervention.
4. CONCLUSIONS

The icon analyzed in this paper is a representative example of the post-Byzantine
painting dating from the beginning of 19th centuries. The painter is unknown, but the
(c) 2016 RRP 68(No. 1) 191–202 - v.1.1a*2016.3.1
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iconographic representation is relevant for the folk style, a specific feature of the
icon painted in this period, fact confirmed also by the color range reduced to red,
blue, green and white.
FTIR measurements allow identifying some protein moieties, most probable
components of the yolk used as binder for tempera painting or bone glue for preparation.
At its turn, the XRF analysis also evidenced that the pigments used for the
painting were those used at the beginning of the 19th century, i.e. lead minium and
cinnabar for red, Sheeles green, synthetic ultramarine for blue, ochre for brown as
well as white lead for white. The substrate contain appreciable amount of Sr, attesting
the use of alabaster rich gypsum.
The local presence of brass powder and of the Zn on the back of the icon could
be interpreted as a more recent restoration work.
Therefore, by taking into account these peculiarities the Jesus Christ as the
Righteous Judge icon was most probable panted at the beginning of the 19th century,
in a local Walachian icon school.
Acknowledgements. The author would like to thank the art historian Ana Dobjanski for the
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