
Research Article
Volume 7 Issue 4 - March  2023
DOI: 10.19080/JOJMS.2023.07.555720

JOJ Material Sci
Copyright © All rights are reserved by Nick Tachmazidis

The Application of Non-Destructive  
Analytical Techniques for the Characterization  

of Modern Artistic Materials: A Case Study  
on the Works of N G Pentzikis

Nick Tachmazidis1,2*, Georgios Karagiannis2, Stamatios Amanatiadis2 and Eleni Pavlidou1

1Aristotle University of Thessaloniki, Department of Physics, Greece
2Ormylia Foundation, Art Diagnosis Centre, Greece

Submitted: March 02, 2023; Published: March 16, 2023

*Corresponding author:  Nick Tachmazidis, Aristotle University of Thessaloniki, Department of Physics, Greece, Ormylia Foundation, Art Diagnosis 
Centre, Greece

JOJ Material Sci 7(4): JOJMS.MS.ID.555720 (2023)  001

Juniper Online
Journal Material Science
ISSN: 2575-856X

Introduction

Nondestructive analysis techniques are essential in the field 
of cultural heritage science, as they allow for the investigation of 
materials and techniques used in artwork without damaging the 
object. Techniques such as Raman and Fourier Transform Infra-
red (FTIR) spectroscopy provide a wealth of information about 
the molecular structures and compositions of painting elements, 
including binders, pigments, and varnishes, and have an extensive 
database reference for both inorganic and organic materials [1-4]. 
These methods can be used in conjunction with other analytical 
techniques such as X-ray Fluorescence (XRF), which is used for el-
emental analysis [5], to create a comprehensive understanding of 
the materials used in an artwork. The identification of materials is 
critical for the documentation of an artist’s palette, which is valu-
able for authentication purposes. Additionally, analyzing the tech-
nique of an artist is necessary to prevent mistakes during conser-
vation processes and to identify art forgeries. Imaging techniques 
such as Ultraviolet Fluorescence (UVF) and Infrared Reflectogra-
phy (IRR) can also be utilized to document the artist’s technique 
without damaging the artwork.

This study specifically focuses on the nondestructive analysis 
of three paintings by N G Pentzikis (1908-1993), a Greek writer and 
painter who used a unique multilayer painting technique known 
as psifarithmisi (Greek: ψηφαρίθμηση; /psif̱aríthmis̱i̱/), which is 
similar to pointillism. The name psifarithmisi originates from the 
Greek words “ψηφίδα” (mosaic tile) and “αρίθμηση” (numbering) 
and is based on an algorithmic system where texts from various 
sources are dissected into words, then letters, and each letter is 
translated to a number. Each number is then matched to a specific 
color and meaning using a wide variety of different shapes, such 
as simple point brush strokes, “<”, “>”, “O”, “O” with a dot, lines, 
rhomboid, trapezoid, and wavy shapes. This results in multilay-
ered paintings, with estimates suggesting that some paintings 
could contain up to 28 layers of 7500 brushstrokes [6].

Hands, 1975, tempera on paper, 31.5 x 23.5 cm

The artwork entitled “Hands” (Figure 1a), which was created 
in 1975, featuring two hands rendered in a pointillistic style using 
a large variety of brushstrokes in blue, red, green, orange, yellow, 
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and purple color against a green-brown background. Though the 
artwork is a deviation from the artist’s usual religious themes, it 
serves as a study of his psifarithmisi technique. The yellow tones 
used to depict the inner parts of the hands in some parts combine 
with red and orange brushstrokes, and the outlines of the hands 
were created using white and blue brushstrokes. The brush-

strokes are characterized by two main kinds, the circular or dotted 
shape and that with wide and straight strokes. The fingertips of 
the hands display a circular pattern indicating fingernails, while 
the right-hand features broad strokes of yellow and white color 
suggesting the phalanges of the fingers.

Figure 1: The three artworks in the visible (a-c), infrared (d-f) and ultraviolet (g-i) region.

Transfer of the relics of Saint Bartholomew and other Mar-
tyrs, 1969, tempera on cardboard, 24 × 17cm

The 1969 painting “Transfer of the relics of Saint Bartholomew 
and other Martyrs” (Figure 1b) showcases Pentzikis’ unique ar-
tistic technique characterized by the use of various brushstroke 
shapes such as crosses, lines, semicircles, squares, rectangles, “Λ”-
shaped peaks, and sinusoidal curves. The painting consists of light 
blue, blue, yellow colors with the addition of yellow-green, yel-
low-brown, white, brown, red-brown, and purple in some areas.

Pentzikis masterfully creates a spatial dynamic in the paint-
ing between the central figure of Saint Bartholomew and the sur-
rounding figures representing the martyrs. The blue tones used in 
the painting represent the metaphysical realm where immaterial 
beings interact with the material world. The blue tones also sym-
bolize the serenity and vastness of the metaphysical realm, as well 
as the turbulence of the material world due to human problems 
and sins. The contrasting colors of browns, reds, and whites com-
plement the blue tones, creating a harmonious interplay between 
the foreground and background colors.
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The central figure of Saint Bartholomew is emphasized by the 
less dense brushstrokes surrounding it and stands on a unique 
reliquary with two domes, compared to the one dome of the other 
figures’ reliquaries. However, all of the reliquaries share the fea-
ture of the three crosses. The robes of the figures differ, with the 
central figure’s robe being blue, the upper right figure’s robe be-
ing yellow-green, and the rest of the figures having less defined 
shapes in their robes with varying shades of red and yellow. Over-
all, the painting showcases Pentzikis’ artistic style and his ability 
to create a spatial dynamic and harmonious interplay between 
colors and shapes.

Couple, 1975, tempera on cardboard, 26.5 × 36cm

The artwork titled “Couple” (Figure 1c), a typical example of 
the psifarithmisi technique, is characterized by orange-colored 
shades dominating two-thirds of the painting and blue-colored 
shades in the remaining portion. The artist employs a variety of 
symbolic shapes mainly with red-blue shades on an orange back-
ground. The blue and white colors are seen mainly in circular pat-
terns of shapes. The colors in the painting are thin and have multi-
ple layers, giving them a unique texture.

While the central theme of the painting appears to be a cou-
ple, three figures in the center of the painting that resemble saints 
can be distinguished. The man of the couple on the left, blends 
with his surroundings, but subtle brown brushstrokes in his hair 
and beard, as well as his shirt with blue colored brushstrokes re-
sembling trattegio, distinguish him. The woman on the right has 
a stronger contrast with a bright yellow hat, orange-red hair, and 
white and yellow-brown tones in her skin and blouse. The bottom 
and perimeter of the painting feature various decorative symbols 
consisting of squares with various shapes.

According to the artist, the orange color represents “unbuilt 
light” and he used it mainly for temples [7]. In addition to that, the 
artist’s choice of celebratory shapes and colors, suggests that the 
couple is experiencing joy, perhaps in the form of an engagement 
or wedding.

Research Aim

The aim of this research is to analyze the modern artistic ma-
terials in multilayered painted surfaces, specifically studying the 
stratigraphy, pigments used, and the unique technique utilized 
by the artist, through nondestructive techniques such as Raman, 
FTIR, and XRF spectroscopy, as well as IRR and UVF imaging tech-
niques.

Materials and Methods Used

The present study was carried out at the Teloglion Fine Arts 
Foundation in Thessaloniki, Greece, employing the state-of-the-
art iTomography infrastructure of the “ORMYLIA” Foundation. The 
primary aim of this investigation was to obtain significant insights 
into the materials and techniques utilized in the examined paint-
ings through the analysis of data obtained from a diverse range 

of modalities, including Raman spectroscopy, Fourier Transform 
Infrared (FTIR) spectroscopy, X-ray Fluorescence (XRF) spectros-
copy, Infrared (IR) camera imaging, and ultraviolet filter-based 
photography [8-10].

i-Tomography

The infrastructure employed in this study was designed with 
a high degree of flexibility, enabling the precise positioning of var-
ious measurement modalities to facilitate the analysis of cultural 
heritage objects. The infrastructure incorporated different focal 
lengths and geometries to achieve accurate and detailed mea-
surements. Two levels of positioning were implemented to ensure 
precise measurements of the artwork. The first level, coarse po-
sitioning, involved clamping the artwork with soft foam padding 
between two rails, which were manually positioned in the Y axis 
using four half-turn brake handles. The artwork was then mount-
ed on a moving dolly on rails that allowed for X and Z movement. 
The second level, fine positioning, utilized three linear stages with 
an accuracy of ±1μm and two rotation stages with 3 arcmin accu-
racy and 12 arcsec repeatability to provide yaw and pitch rota-
tions. The platform on which the measurement modalities were 
mounted was placed on the pitch rotary stage, while the yaw was 
performed by the stage on which the artwork was placed. Over-
all, this infrastructure allowed for precise and flexible positioning 
of the measurement modalities to achieve accurate and detailed 
analysis of cultural heritage objects [8].

Fourier transform Infrared (FTIR) spectroscopy

The infrared spectra of the point measurements were obtained 
through reflectance mode, utilizing the ALPHATM FTIR Spectrom-
eter of Brucker TM, equipped with the Quick Snap TM External re-
flection module. This module featured a custom-made 1mm diam-
eter, and the measurements were conducted with 64 scans, 2cm-1 
resolution, and a range between 365-7500cm-1. The module was 
placed in front of the spectrometer, and the spectra were collected 
accordingly. To ensure accurate results, the obtained spectra were 
compared with the reference spectra available in the Infrared and 
Raman Users’ Group database (IRUG, www.irug.org) [1].

Raman spectroscopy

The Raman spectroscopy analysis was conducted using the 
i-RamanTM EX spectrometer manufactured by BWTEKTM. The 
laser employed in this analysis had an operating wavelength of 
1064nm and was focused directly on the painted surface. The 
number of scans and the milliwatts (mW) used during the analysis 
were adjusted based on the requirements of each measurement. 
The obtained spectra were compared with the reference spectra 
available in various databases, including the Infrared and Raman 
Users’ Group database (IRUG, www.irug.org), the SOP spectral 
library (soprano.kikirpa.be), and the Cultural Heritage Science 
Open source (chsopensource.org/pigments-checker) [1,2,11]. 
This approach facilitated the identification of the pigments and 
materials used in the analyzed artwork and enabled the character-
ization of the molecular structures present in the painted layers.
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X-ray fluorescence (XRF) spectroscopy

The portable Niton XL3t GOLDD+XRF Analyzer manufactured 
by Thermo Scientific was employed in this study for elemental 
analysis of the inorganic pigments found in the paintings. This 
instrument is compact and lightweight with dimensions of 244 × 
230 × 95.5 mm3 and weight of less than 1.3kg. The XRF analyzer is 
equipped with a fast detector that has an energy resolution of less 
than 185 eV at 60,000 cps, with 4 µsec shaping time. The beam 
focusing area of the instrument is 3mm, which provided high spa-
tial resolution. The Niton XL3t GOLDD+XRF Analyzer was used as 
a supplementary technique for its ability to rapidly identify and 
quantify elements present in the sample.

Infrared Reflectography (IRR)

The image mosaic of the infrared reflectography (IRR) was 
created using the XMID-FPA-640 IR camera manufactured by Xe-
nICsTM, which operates in the 1-5μm spectral range. The camera 
was mounted on a moving/robotic stage and captured a series 
of 640 × 512 pixel infrared images, which were algorithmically 
stitched together to reveal a detailed image of the artwork in the 
mid-infrared region of the electromagnetic spectrum. The camera 
features an efficient, thermoelectrically cooled detector with con-
trol and communication electronics, enabling high-quality image 
acquisition.

Ultraviolet Fluorescence (UVF) Photography

Similar to the IRR, the UVF technique employed a Canon EOS-
1Ds Mark II digital camera with a filter covering the spectral range 
of 400-700 nm. The camera was set at a 4-second exposure, f/4.0 
aperture, ISO 640 sensitivity, and a 50mm lens. The light source 

used was a Phillips Mercury Fluorescent Blacklight HPW 125W TS 
lamp, which emitted at a wavelength of 380nm. This setup allowed 
for the capture of images in the ultraviolet range of the electro-
magnetic spectrum.

Results and Discussion

Spectroscopic techniques

For the investigation of the pigments of the colored brush-
strokes, the FTIR, Raman, and XRF spectroscopic techniques were 
utilized. The use of a multi-layer technique and a wide range of 
colors in the artwork resulted in increased noise in the spectra, 
which posed a challenge for interpretation. A tabular summary of 
the findings has been included in table 1 for ease of reference. 

Hands: In the first artwork, the inorganic pigment, Chalk 
(PW18, CaCO3, C.I. 77220), was identified in all the IR and Raman 
spectra (Figure 2) as well as the XRF technique which revealed 
high levels of Calcium (Ca), indicating its use as a filler to enhance 
opacity [12-14]. The blue brushstrokes contained Ultramarine 
Blue (PB29, Al6Na8O24S3Si6, C.I. 77007) in its synthetic form, due 
to no differences in Ca or Magnesium (Mg) [15], while the orange 
brushstrokes contained Benzidine Orange (PO13, C32H24Cl2N8O2, 
C.I. 21110) (Figure 3). The white brushstrokes contained Titani-
um White (PW6, TiO2, C.I. 77891) in the tetragonal crystal struc-
ture of Anatase. The green brushstrokes contained Nitroso Green 
(PG8, C30H18FeN3NaO6, C.I. 10006) where the Raman bands showed 
some differences due to resolution (Figure 4), but XRF showed in-
creased levels of Iron (Fe) which confirms the result. The yellow 
brushstrokes contained Hansa Yellow (PY1, C17H16N4O4, C.I. 11680) 
or Pigment Yellow 1:1 (PY1:1) which is a variant of the first. 

Figure 2: FTIR spectra of the measurement 1 of the first artwork, with a reference sample of PW18 [19].

http://dx.doi.org/10.19080/JOJMS.2023.07.555720


How to cite this article: Nick Tachmazidis, Georgios Karagiannis, Stamatios Amanatiadis and Eleni Pavlidou. The Application of Non-Destructive 
Analytical Techniques for the Characterization of Modern Artistic Materials: A Case Study on the Works of N G Pentzikis. JOJ Material Sci. 2023; 7(4): 
555720. DOI: 10.19080/JOJMS.2023.07.555720

005

Juniper Online Journal Material Science

Figure 3: Raman spectra of the measurement 3 of the first artwork, with a reference sample of PO13 [20].

Figure 4: Raman spectra of the measurement 8 of the first artwork, with a reference sample of PG8 [21].
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Table 1: Results from the measurements of the three artworks with FTIR, Raman and XRF techniques.

Artwork Pigment Raman Shift (cm-1) ΙR Peaks (cm-1) XRF (Elements)
1.

 H
an

ds

PW18 281, 716, 1085 665, 711, 847, 874, 1430, 
1778 Ca

PW6 393, 513, 638 No Results Ti

PB29 No Results 1028 Al, Si

PO13

277, 395, 674, 765, 913, 
1000, 1045, 1085, 1168, 
1277, 1383, 1476, 1552, 

1597

No Results No Results

PG8

316, 350, 440, 466, 492, 
535, 612, 630, 667, 752, 
878, 1021, 1056, 1138, 

1158, 1212, 1255, 1325, 
1351, 1414, 1445, 1466, 

1512, 1549, 1587

No Results Fe

PY1

389, 447, 517, 612, 787, 
842, 925, 950, 1000, 1139, 

1217, 1256, 1312, 1325, 
1387, 1456, 1485, 1534, 
1562, 1569, 1622, 1671

No Results No Results

2.
 T

ra
ns

fe
r o

f t
he

 re
lic

s o
f S

ai
nt

 B
ar

th
ol

om
ew

 a
nd

 o
th

er
 M

ar
-
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rs

PW6 447, 612 No Results Ti

PB29 546 1000, 1140 (shoulder) Al, Si

PB15:2 686, 747, 959, 1130, 1314, 
1335, 1445 No Results Cu

PR4 No Results
711, 747, 754, 834, 868, 

891, 983, 1398, 1455, 1524, 
1553, 1568, 1580, 1621

No Results

PY1 No Results
754, 773, 808, 910, 1234, 
1455, 1490, 1504, 1557, 

1615, 1666
No Results

PR3

337, 363, 376, 421, 447, 
498, 612, 716, 795, 837, 

925, 982, 1124, 1185, 1215, 
1335, 1393, 1445, 1466, 
1491, 1524, 1552, 1617

647, 674, 691, 721, 742, 
752, 776, 797, 810, 823, 
847, 863, 893, 920, 948, 

966, 983, 1035, 1070, 1096, 
1128, 1150, 1186, 1212, 
1220, 1267, 1299, 1321, 
1330, 1340, 1395, 1446, 
1475, 1505, 1524, 1562, 

1604, 1614

No Results

PY42 No Results 405, 607 Fe

3.
 C

ou
pl

e

PO13
680, 771, 913, 1028, 1047, 

1166, 1228, 1277, 1461, 
1527, 1552, 1597

No Results No Results

PW18 283, 710, 1085 712, 873, 1430 Ca

PW6 (Anatase) 396, 517, 637 No Results Ti

PW6 (Rutile) 446, 606 No Results Ti

PY1
782, 831, 848, 999, 1137, 
1303, 1388, 1484, 1537, 

1621
No Results No Results

PY3

741, 830, 918, 953, 1039, 
1140, 1157, 1189, 1223, 
1244, 1274, 1303, 1336, 
1383, 1461, 1497, 1567, 

1591, 1617, 1675

No Results No Results

PO71 993, 1315, 1340, 1400, 
1453, 1485, 1552, 1587 No Results No Results

PB15:2 No Results 722, 728, 753, 769, 780 Cu

PG7/PG36 735, 765, 807, 1062, 1201, 
1277, 1346, 1388, 1435 No Results Cu
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Transfer of the relics of saint Bartholomew and other mar-
tyrs: In the second artwork, the XRF revealed high levels of Titani-
um (Ti) and Ca, as well as moderate levels of Zinc (Zn), which sug-
gest the presence of inorganic white pigments, such as Titanium 
White (PW6) and Chalk (PW18), and Zinc Oxide White (PW4, ZnO, 
C.I. 77947) used as paint additives. In blue-colored areas of the 
painting, the organic Phthalocyanine Blue (PB15:2) was identified 
along with the inorganic Ultramarine Blue (PB29) (Figure 5) and 

Titanium White (PW6), in the tetragonal crystal form of Rutile. 
The FTIR technique also showed two peaks at 609 and 634 cm-1, 
that can be assigned to the color with red-orange hue. This might 
be a mixture of Permanent Red R (PR4, C.I. 12085) and PY1 which 
is used in commercial colors [16,17], but the result could not be 
fully interpreted due to spectral noise. In the red mantle, the or-
ganic Toluidine Red (PR3, C16H10ClN3O3, C.I. 12120) was identified 
based on its characteristic peaks in the Raman spectrum. 

Figure 5: FTIR spectra of the measurement 3 of the second artwork, with a reference sample of PB29 [22].

Couple: In the third artwork, the acquired results from XRF 
analysis are consistent with those obtained from the examination 
of the first artwork, Hands. Specifically, the highest proportions of 
Ca were detected, while Ti displayed a high degree of absorption. 
These findings suggest that these elements were an additive to the 
pigments utilized by the artist, potentially extending to the paper 
substrate. Additionally, some degree of Fe absorption was ob-
served, which may be attributed to background colors. The organ-
ic PO13 was detected in the yellow hat with orange brushstrokes 
of the female figure, while the inorganic PW18 was identified in all 
Raman spectra. PW6, was found in two crystal forms, Anatase and 
Rutile. In the yellow brushstrokes there were two pigments which 
were identified as PY1 (Figure 6) and Hansa Yellow 10G (PY3, 
C16H12Cl2N4O4, C.I. 11710) (Figure 7). The orange shades were at-
tributed to organic Pyrrole Orange (PO71, C20H10N4O2, C.I. 56120), 
while the purple tones were likely produced by Alizarin Crimson 

(PR83, C14H8O4, C.I. 58000) but couldn’t be confirmed. The blue 
pigment in the woman’s blouse was identified as the PB15:2. The 
green colors seemed to consist of another pigment that is in the 
phthalocyanine class, that can be attributed to either the Phthalo-
cyanine Green BS (PG7, C32Cl16CuN8, C.I. 74260) or Phthalocyanine 
Green YS (PG36, C32Br6Cl10CuN8, C.I. 74265) [18], but the results 
were inconclusive. The yellow-brown pigment in the halo was 
identified as the earth inorganic pigment, Yellow Ochre (PY42, 
Fe2O3 • H2O, C.I. 77492) which is some of the most widespread 
pigments used since ancient times [12]. The FTIR showed some 
alterations from the reference spectrum, but the XRF showed high 
levels of Fe, confirming the result. Other clay pigments variations 
such us, red ochres, siennas or umbers may have been used due 
to elevated levels of Fe and Manganese (Mn) showed by the XRF 
technique, but the other techniques did not show clear results to 
identify the above pigments. 
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Figure 6: Raman spectra of the measurement 1 of the third artwork, with reference samples of PO13 [20], PY1 [23], PW18 [24] and PW6 
(in two forms) [25,26].

Figure 7: Raman spectra of the measurement 2 of the third artwork, with reference samples of PY3, PW6 [25] and PW18 [24].
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Imaging techniques

The utilization of Ultraviolet Fluorescence (UVF) in art analysis 
enables the discernment of multiple colors that may not be visible 
to the naked eye. This technique allows for a more comprehensive 
understanding of an artwork’s chromatic composition, contribut-
ing to the examination of the artist’s style and choices. Conversely, 
the application of Infrared Reflectography (IRR) permits insight 

into the painting’s early stages, as it enables the visualization of 
initial layers that may have been subsequently obscured or altered 
during the creation of the artwork. By utilizing both UVF and IRR 
techniques, a more comprehensive analysis of an artwork can be 
achieved, providing valuable insights into the artist’s creative pro-
cess and stylistic preferences. An analytic overview of the behav-
ior of colors in the paintings can be seen in table 2. 

Table 2: The results from the measurements on colored brushstrokes of the three artworks with IRR and UVF imaging techniques. The “Pigments con-
tained” column, shows which pigments were identified with the spectroscopic techniques that were used in this research. In the first and third artwork 
the PW18 was found on all the measurements.

Colors

Artwork Pigments Contained Visible Region (Hue) Ultraviolet Region (Hue) IR Region (Absoption/ 
Reflectance)

1.
 H

an
ds

Not Identified Purple Light Violet Minimal Absorption

Not Identified Red Shimmering Red No absorption

PO13 Orange Orange Tints No absorption

PB29 Blue Light Violet No absorption

Not Identified Blue-green Violet with low saturation No absorption

PW6 Warm white (slight violet) Pink High Reflectance

PW6 Cool white (slight blue) Purple Moderate Absorption

PY1 Yellow (low saturation) Same color No absorption

Not Identified Intense yellow Orange-yellow No absorption

PG8 Green (medium saturation) Same color No absorption

Not Identified Green-brown Same color High absorption

Not Identified Brown Same color High absorption

2.
 T

ra
ns

fe
r o

f t
he

 re
lic

s o
f S

ai
nt

 B
ar

-
th

ol
om

ew
 a

nd
 o

th
er

 M
ar

ty
rs

PW6 White Shimmering White Medium Reflectance

PB29 Blue Red-Violet No absorption

PB15:2 Light Blue Dark Violet No absorption

PY1 Yellow Same color No absorption

PY42 Yellow-brown Same color No absorption

Not Identified Red-brown Same color No absorption

Not Identified Brown Same color Moderate absorption

PR3 Bright red Violet-Red (almost Ma-
genta) No absorption

PR4 Red, orange Pink, white No absorption

3.
 C

ou
pl

e

PY1 Yellow Dark yellow No absorption

PY3 Yellow-green Dark yellow No absorption

PO13 Orange Dark orange (moderate 
saturation) No absorption

PO71 Intense orange Orange-red No absorption

Not Identified Purple Red Violet No absorption

Not Identified Purple Light lilac Moderate reflection

Not Identified Yellow-orange Same color No absorption

Not Identified Yellow-brown Same color No absorption

PB15:2 Blue Shimmering White No absorption

Not Identified Blue Dark purple No absorption

PW6 White Violet Moderate reflection

Not Identified Red Purple High reflection

PG7/PG36 Green Green-blue No absorption
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Hands: In the first artwork, the absence of blended brush-
strokes suggests that the painter used very little solvent to dilute 
the colors in most of the painting. However, some areas display 
evidence of solvent use and mixture, which could be accidental 
rather than intentional. Some colors that exhibit fluorescence in 
the UV light are purple, red, orange, blue and yellow that have 
minimal to no absorption in the IR region (Figures 1d & 1g). Ad-
ditionally, two distinguishable shades of white can be seen, which 
show completely different behaviors under UV and IR spectra. 
Infrared reflectography revealed hidden details of the painting, 
such as shapes and patterns. The brown color of the signature 
in the upper right corner showed the highest absorption in the 
IR spectrum, followed by the green-brown color that can be seen 
throughout the painting.

Transfer of the relics of Saint Bartholomew and other 
Martyrs: In the second artwork, the white pigment, PW6, exhibits 
fluorescence as it appears as a shimmering, intense white color, 
whereas in the IR region it shows reflection. The blue colors made 
with the PB29 exhibit fluorescence and show a red-violet hue. In 
sparse amounts, however, the strokes are barely distinguishable, 
revealing clearer background shapes in the infrared spectrum. An-
other blue pigment, PB15, fluoresces in the UV region, showing 
dark violet colors. This results in the painting appearing to have 
inverted colors (Figure 1h). Interestingly, the red pigment, PR4, 
also fluoresces in the UV region, were its red hue changes to a vi-
olet, magenta-like hue. In the IR region (Figure 1e), the painting 
showed clear patterns of the psifarithmisi technique, as almost 
none of the pigments used in the upper layers showed any par-
ticular absorption. This resulted in many rectangular and square 
shapes with a cross shape inside, along the entire length of the 
panel becoming visible. The shapes have fine lines, indicating the 
use of a thin brush for the first brushstrokes of the psifarithmisi, 
while a thicker brush was used in the upper layers.

Couple: In the third artwork, the predominant colors in the ul-
traviolet spectrum are red-violet, contrasted with white colors in 
blouses and dark purple in the lower part of the painting, as can be 
seen in figure 1i. The yellow pigments in the hat shift to dark green 
tones in the infrared spectrum, with no absorption observed in 
the IR region. The PO13 and PO71 pigments exhibit distinct fluo-
rescent properties in the UV spectrum, with the former displaying 
a darker orange tone of moderate saturation and the latter pro-
ducing more intense orange-red tones. In the infrared spectrum, 
neither pigment shows any absorption. The blue pigment in the 
couple’s shirts fluoresces and appears as a shimmering white with 
a slight blue tint, possibly due to the presence of white pigment. 
The white color present in the women’s blouse in the UV spectrum 
appears with violet tones due to the fluorescent color of the back-
ground, while it appears as gray in areas where white is in greater 
concentration, also affected by the color of the background. The 
purple pigments also exhibit fluorescence and shift towards violet 
and lilac tones in the UV spectrum, while the red pigment utilized 
in the patterns exhibits a purplish hue. The green pigment used 

in the patterns exhibits relatively lower saturation and takes on a 
greenish-blue tint in the UV spectrum. As with the previous paint-
ing (section 4.2.2) the IR region showed early stages of psifarith-
misi technique where the painter used a pencil to create a 6 x 9 
matrix made up of squares, most of which have either the Greek 
letters Delta (“Δ”) or Epsilon (“E”) in the center, apart from the 
three central squares in the middle of the second row that con-
tain three figures (Figure 1f). Moreover, it is evident that the artist 
used a pencil to draw the outline of the figures, which show thick 
lines. That suggests that the artist may have used the pencil side-
ways. Another use case of the pencil can be seen in the outline of 
the decorative pattern at the bottom of the painting.

Conclusion

The current study showcases the efficacious use of non-inva-
sive methodologies for the analysis of modern artistic materials 
in a multilayered painted surface. The i-Tomography infrastruc-
ture, coupled with Raman, FTIR, and XRF spectrometers, and IRR 
and UVF imaging techniques, furnished insightful results on the 
stratigraphy of the three paintings, “Hands”, “Transfer of the relics 
of Saint Bartholomew and other Martyrs” and “Couple”, the pig-
ments employed, and the unique psifarithmisi technique utilized 
by Pentzikis. As discussed in section 6.1.3 of the present analysis, 
the first and the third artworks evinced substantial levels of Ca 
alongside the detection of the PW18 pigment in all recorded mea-
surements. It is posited that this outcome may be ascribed to the 
application of an identical color brand, given that both works were 
executed within the same year, specifically in 1975. Additionally, 
the first artwork did not manifest the square configurations ob-
servable in the succeeding two artworks. In contrast, the second 
artwork evinced several diminutive squares, while the third art-
work featured sizable squares containing a center aligned letter 
[19-23]. 

Moreover, the imaging techniques used in this study proved to 
be promising in revealing the underlying layers of the psifarithmi-
si technique, consequently verifying the artist’s claims on his other 
painting, “Moni Simonos Petra”, wherein he employed a series of 
squares on the painting’s surface to denote various phonetic com-
ponents of speech [7]. Furthermore, the non-destructive approach 
employed in this study may have broader applications for investi-
gating other multilayered techniques. Ultimately, documenting the 
materials and techniques used by artists can be a significant tool 
in preventing the misuse of materials during conservation and art 
forgery [24-26].
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