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The old wooden icons entitled Daniel and Jeremiah prophets and Aaron and Gideon prophets, painted by an
unknown artist, were realized in tempera. The chromatic of the countenance and hands is realized with
brown, over it a pink-reddish color is superposed and light zones are applied in white. The composition of the
painting materials obtained by Fourier Transform Infrared spectroscopy (FTIR), differential scanning
calorimetry (DSC) and X-ray fluorescence (XRF) analysis is based on the following major materials: calcium
carbonate, lead oxide, iron ochre and cinnabar. The fir wood samples offer information about the crystallinity
and lignin to cellulose ratio changes; the lime wood samples give also details about their time degradation.
The shift of the characteristic cellulose and lignin DSC peaks and the occurrence of a third peak at 468oC
indicate the wood-boring beetle and fungal attack on analyzed wood sample.
Keywords: old wooden icon, painting materials, wood degrading, FTIR and XRF spectroscopy, DSC analysis

Old paintings on wooden support of Orthodox churches
were made in tempera (weak or rich) or oil technique,
which were subsequently varnished or not. Wood panels
for paintings are first prepared by applying a layer of gypsum
or chalk dust, the former being preferred because it leads
to considerable smoothness, with very reduced roughness
[1-6].Depending on the type of painting and its conservation
state, age and value, the conservation scientist will carry
out a detailed research regarding the structural parts of
structural-active paint layers and supports, in order to
determine the materials and to asses their conservation
state. This implies, depending on the artistic technique/
painting type, the use of non-invasive methods of
investigation or corroboration between interdisciplinary
techniques [7-18].
The interdisciplinary study of the panel painting and
identification of pigments of various old wooden icons
(Albanian, Greek and Coptic ones) was already reported
[19-23] together with optical and infrared and Raman
microspectroscopy of polychrome wooden sculptures [24,
25]. The multianalytical techniques were also applied to
the investigation of the so-called Imperial Gates from
several old wooden churches from Transylvania, Romania
[26, 27].
The aim of the paper is to investigate the constituent
materials of these wooden icons in order to preserve and
restore them.
Experimental part
Prophets are bust rendered, in a slight half profile, two
on the panel, holding in the left hand a frontlet, (fig. 1). The
characters are clothed in a tunic and cloak with a white
outline.

Fig. 1. Daniel and Jeremiah prophets - front side (a),
and back side (b)

(a)

(b)

Fig. 2. Aaron and Gideon prophets - front side (a) and back side (b)

The polychromy of the countenance and hands is
realized with brown, superposed by a pink-reddish color,
while light zones are applied in white. Auras have double
contours incised in the underlay. The field of the pieces
was carried out by applying a metal foil over a layer of red
clay. The support has a circular shape with an accolade at
the top. It was made of two boards placed horizontally,
with a half-sunken vertical beam and marginal decoration
with vegetal relief – acanthus leaves – worked with chisel.
The frame is done from the thickness of the wood, and the
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marginal decor was also done from the panel thickness.
Due to the precarious preservation conditions, these icons
present damages both in the wooden support and the
painting layer that require restoration. These wooden icons
(the Prophets) are mounted in the Prophets column of the
iconostasis. Both icons were made according to the old
Greek school of painting. The technique used is tempera
on wood. The icons are dated as being from the early
eighteenth century. Both icons have Slavonic inscriptions
in red and black positioned near the biblical characters
shoulders: Daniel the Prophet, Jeremiah the Prophet and
Aaron the Prophet, Gideon the Prophet . The icons
dimensions are 71 x 63.5 x 2 cm, 68 x 62.5 x 2.5 (Daniel
and Jeremiah) and 71 x 63.5 x 2 cm, 68 x 62.5 x 2.5 cm
(Aaron and Gideon).

Sampling points definitions - both for XRF and FTIR
spectroscopy: P1 -ornament red leafs - metallic foil; P2 frame - Aaron face - reddish shade; P3 - inferior left side
frame wood support (degraded wood); P4 - traverse wooden side (degraded wood + wood flour); P5 - wooden
support verso, superior left side (not degraded wood); P6 yellow; P7 -yellow + red; P8 -golden aura; P9 - right side
casement.
Measurements
FTIR spectra were obtained with a resolution of 4 cm-1
using a JASCO 6100 FTIR spectrometer in the 4000 to 400
cm-1 spectral domain by employing the well-known KBr
pellet technique. A minimal sample quantity less that 1
mg was mixed with ~200 mg KBr and grounded in an

agate mortar. Then the grounded mixture was pressed into
a special evacuated die till a quasi-transparent pellet was
obtained. The treatment of the FTIR spectra was performed
with Spectra Analysis and Origin 8.0 software. Differential
scanning calorimetry was carried out by means of a
Shimadzu DSC-60 calorimeter, the ~1.5 mg of sample was
heated in the range of 20-550°C with a heating rate of 10oC/
min in crimped aluminum sample cell in static air
atmosphere. For data collection, the Shimadzu TA-WS60
and TA60 2.1 software were employed. X-ray fluorescence
measurements (non-destructive ones) were performed
using an INNOV-X Alpha-6500 non-destructive portable
instrument (35 kV voltage, 15 µA intensity, 3 mm filter, Be
window, 2 square mm spot size and PIN Si detector). The
integration time was set for 60 s, in two consecutive runs
of 30 s each.
Results and discussions
FTIR spectroscopy
FTIR spectra of the samples taken from the first wooden
icon represented in figure 1 are presented in figure 3,
whereas figure 4 contains the FTIR spectra of painting
materials employed for the wooden icon represented in
figure 2.
Proposed composition based on vibrational analysis:
aliphatic (2929 and 2851 cm-1), carbonate (1428 and 876
cm-1), lead red (520 and 489 cm-1), terra verde - silicate
(shoulder at~1032 cm-1).
One can identify (for example 1200-1000 cm-1 spectral
domain, fig. 5) lime as the wood species for P3 and P4
samples, whereas fir was employed for P5 sample.

Fig. 3. P1 (solid line) and P2
(dashed line) FTIR spectra

Fig. 4. FTIR spectra of P6-P9 samples
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Fig. 5. Different wooden essence sample spectra: solid line-lime;
dash line-fir; dot line-P3; dash-dot line-P4; dash-dot-dot line-P5

XRF spectroscopy
The results of the XRF analysis for each wooden icon
are presented in tables 1 and 2.
Concentration: [mg/kg]; LOD-limit of detection; error
<20%

Painting materials investigation
In what concerns the P1 – ornament red leafs-metallic
foil, the XRF results are: Pb (45991), Ca (82610). Based on
FTIR and XRF measurements for the painting materials
one can identify the compounds in the composition of P1
and P2 samples: 2919 and 2850 cm -1 (aliphatic CH 2);
carbonate (1429 and 876 cm -1), egg yolk (ester-1735,
protein-1542 cm-1), 1632 cm-1 (protein band), 1032 cm-1
(silicate), Pb3O4 (absorption bands at~533 and 473 cm-1).
The proposed composition is: calcium carbonate, binder
(animal glue), egg yolk, lead red.
For P2 – frame - Aaron face-reddish shade, the XRF
results are: Ca (91261), Pb (31582), Hg (14804), S (46196):
aliphatic (2929 and 2851 cm-1), OH (3421 and 1637 cm-1),
protein band (1637 cm-1), carbonate (1429 and 876 cm-1),
Pb3O4 (531 and 432 cm-1), silicate (1033 and 798 cm-1).
The proposed composition of P6 to P9 samples based
on XRF and FTIR results. Yellow halo: As (9735), S (42998),
orpiment; Hand and face (reddish shade): Fe (10374), Ca
(25225), Hg (14804), iron oxide, vermillion, lead and
calcium white; Mitre: Fe (33880), Ca (280728), iron oxide,
and calcium white.
Consequently, the proposed composition is: calcium and
lead carbonate, binder (animal glue), egg yolk, lead red,
cinnabar. Two red pigments interventions were employed
in order to attenuate the red color.

Table 1
XRF DATA FOR DANIEL AND JEREMIAH PROPHETS’ WOODEN ICON

Table 2
AARON AND GIDEON PROPHETS’ WOODEN ICON
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Table 3
CHARACTERISTIC BANDS OF THE FTIR
SPECTRA OF THE ICON LIME WOOD

Table 4
Cr. I. THE CRYSTALLINITY STATUS OF FIR AND LIME WOOD SAMPLES (NON DEGRADED AND DEGRADED WOODEN SUPPORTS)

Table 5
LIGNIN/CELLULOSE RATIOS (L/C) TAKING INTO ACCOUNT THEIR DIFFERENT CHARACTERISTIC BANDS

Wood crystallinity and lignin/cellulose ratio determination
by FTIR spectroscopy
A detailed analysis of the wooden samples’ FTIR spectra
is presented. The wood components (lignin, carbohydrates,
cellulose, and hemicellulose) are identified by comparing
with literature data [28]. A systemathic assignment of the
specific bands for different wood components, based on
literature data [29-31] is presented in table 3.
The estimation of the crystallinity status (Crystallinity
index - Cr. I. [15]) for different wood samples, see table 4,
can be obtained based on the already assigned vibrational
modes that correspond to amorphous and crystalline bands,
respectively.
Lignin/cellulose ratio (L/C) was determined taking into
account several definitions [30] using lignin and cellulose
characteristic bands intensities, respectively. The results
are presented in table 5.

It can be noted that the lignin/cellulose content for
historical sample is higher than for actual one due to the
fact that cellulose consumption during time is more rapid
than the lignin one. P3 and P4 samples are wooden
destroyed samples (fungi attack probably) whereas P5 is
a wooden sample quite intact, (fig. 6). The oxalate
presence can be proved by comparing FTIR spectra of fungi
attacked wooden samples (P3 and P4 samples) and FTIR
spectrum of calcium oxalate, (fig. 6).
By comparing the (1700-1500, 1500-1300 and 1000-700
cm-1) spectral regions, (fig. 6), one observe that P3 and P3
samples could contain calcium oxalates.

DSC
Wood has a complex structure being a polymeric
material that consists of ligno-polysacharide amorphous
matrix bonded with cellulose by polyosic chains [32-34].

Fig. 6. FTIR spectra (1929-413 cm-1 spectral
domain) of the icon wooden samples and of
Ca oxalate: solid line - P3; dashed line - P4;
dot line- P5; dash-dot line-lime standard;
dash-dot-dot line -calcium oxalate.
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Table 6
CHARACTERISTIC TEMPERATURES AND HEAT VALUES OF WOOD SAMPLES

Fig. 7. DSC curves for historical wood samples as compared to
actual ones.

Because of this complex structure and interactions
between components of wood it is difficult to differentiate
the decomposition processes corresponding to the
components, such as lignin, holocellulose, hemicelluloses
and pure cellulose. The decomposition data of each
separated component can be found in literature [35-37].
The thermal effects are related to the changes appearing
in the two components whose thermal characteristics
depend on the essence and age of wood, moisture content
and conservation status [34].
The thermal behavior of the samples gives information
about modifications of wood components. It is known that
the pure cellulose decomposes between 300-350°C; while
the lignin has a high thermal stability, complete decomposition occur between 400-500°C. The characteristic
temperatures are affected by age, applied treatments and
wood deterioration. The wood’s age causes an increase of
the characteristic temperatures [26], but the degree of
damage leads to their decrease, (table 6), as was observed
elsewhere [37, 38].
One can observe that Ton for first exothermic signal
increases with the wood age and decreases with the wood
degradation.
In the case of sample P3, (fig. 7), the corresponding
signal of lignin decomposing decreases significantly.
One can note the presence of a third peak in the DSC
curves of P3 and P4 samples, more intense for P4 curve,
due to the calcium salts (oxalates) decomposition [3639] accumulated in the wood structure as a consequence
of the fungal attack. The broadening of the samples’
thermal signals is due to the age of the investigated
samples.
REV.CHIM.(Bucharest) ♦ 67 ♦ No. 11 ♦ 2016

Conclusions
Based on the FTIR spectroscopic and thermal analysis
data, one can propose the following about the wood status
of the first icon:
-the wood species are lime (for P3 and P4 samples)
and fir for P5 sample;
-the crystallinity is generally higher (or similar) for actual
spruce fir wood as compared to those of the historical
spruce fir icon wood, confirmed also by DSC;
-the lignin/cellulose content for actual sample is higher
than for historical one due to the fact that cellulose
consumption during time is more rapid than the lignin one;
-fungal attack (calcium oxalate presence) was
confirmed for P3 and P4 lime samples by FTIR and DSC
measurements.
Regarding the employed painting materials one can
specify the following compounds employed for the first
wooden icon: ground-calcium carbonate + animal glue
(binder); the employed pigments, specific to the respective
epoque: lead red, iron red, cinnabar, orpiment and iron oxide
for yellow (natural and artificial) and egg yolk as binder for
painting layer.
As concerning the second wooden icon, one can assume
the following composition of the painting materials:
aliphatic (2929 and 2851 cm-1), lead and calcium carbonate
(1428 and 876 cm-1), lead red (520 and 489 cm-1) and
silicates (~1032 cm-1). Calcium carbonate was employed
as ground and also as diluting agent.
The materials used for these icons suggest that these
icons were painted at the end of 18th century. This fact is
also sustained by the presence of zinc white.
Acknowledgments: Thanks are due to UEFISCDI for financial
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