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Abstract. This paper presents the initial stages for preparation of a digital catalog
(library), including analytical information gathered by using portable Raman
spectroscopy instrument for the study of medieval parchment manuscripts from
the repository of the Bulgarian National Library” Saints Cyril and Methodius”.

Keywords: Raman Spectroscopy, Parchment, Manuscript, Palimpsest, XRF.

1 Introduction

Raman spectroscopy is a powerful tool in the analysis and conservation of written her-
itage. It offers a non-invasive and non-destructive method for the analysis of materials
used in historical documents and codices, which is essential for their proper conserva-
tion and scientific study. The characteristic spectral bands specific to the molecular or
crystal structure of the material can be used to create a database that allows for the
comparative study of various aspects based on quantitative and qualitative identifica-
tion. The analytical data obtained provide information about both the parchment itself
and the inks and pigments used. It provides information about the structure of organic
compounds or inorganic substances with a crystal lattice, which allows for their quali-
tative identification. Combining the method with X-ray fluorescence (XRF) or other
non-invasive techniques allows for additional determination of the concentrations of
chemical elements in the studied material (Rigante et al., 2025). This is particularly
useful for identifying numerous inorganic pigments used in colored inks or for coloring
miniatures in medieval manuscripts. The study of medieval written monuments using
Raman spectroscopy is carried out in several directions. These are mainly analyses re-
lated to the type and structure of inks and pigments (Nastova et al., 2011, 2015; Cappa
et al., 2019; Retko et al., 2024), as well as the method of making the parchment or the
degree of its damage as a result of the influence of various environmental factors
(Schiitz et al., 2013; Malea et al., 2024).
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Material analysis with Raman spectroscopy, on the one hand, allows the selection of
the most appropriate methodology for the restoration and conservation of the manu-
script, and on the other, provides valuable information which helps to determine the
written monument’s dating and geographical region of origin and use. The possibility
of applying the Raman method in situ is also important for the study of cultural monu-
ments, and has several advantages over the laboratory study: 1) valuable manuscripts
are examined on site - without disturbing their usual storage environment; 2) the meas-
urement of parameters is performed non-invasively and does not interfere with the in-
tegrity of the manuscript; 3) the parameters are taken within seconds, which allows
particularly fragile and valuable monuments to be examined within a very short time-
span; 4) the mobile Raman instrument allows for the collection of data from a number
of manuscripts in one session, and compile a database for comparative research.

Earlier material analysis in situ of manuscripts in Bulgaria is carried out in 2011 and
2017, mainly within the framework of the project “The Enigma of the Sinaitic Glago-
litic Tradition”, funded by the Austrian Science Fund (Brenner et al., 2019) and involv-
ing a team of experts from the interuniversity Center of Image and Material Analysis
(CIMA) — Vienna. Previous experience of manuscript material analysis in Bulgaria is
implemented for the study of manuscript indexed as NBKM 17 (Dobrejshov’s Gospel)
(Vulkova, 2009) and Cod.d.gr.212 from the Center for Slavic-Byzantine Studies "Prof.
Ivan Duychev" (Haralampiev, 2013) only in laboratory setting. The current study is
performed under the project KIT-60-H06/9, “Interdisciplinary methods and tools for the
study of manuscripts”, funded by the Bulgarian Science Fund (BSF). The manuscript
analysis is carried out with a specially purchased portable Raman spectrometer Optosky
ATR3000 (Fig. 1), with a fiber Raman probe, allowing for a greater precision of the
measurement, and adjustable exciting laser radiation power, adapted to the objectives
of manuscript study. This paper presents results from preliminary work on digital data-
base creation, containing analytical information on the type and condition of parchment
manuscripts from the repository of the Bulgarian National Library “St. St. Cyril and
Methodius”.

Fig.1. Portable Raman spectrometer Optosky ATR3000.
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2 Exposition of the Investigation

The analysis of the manuscripts was carried out in situ at the Bulgarian National Library
"St. St. Cyril and Methodius", using portable devices. The Raman spectra were rec-
orded using an OPTOSKY ATR3000 Raman spectrometer with a wavelength of the
exciting laser radiation of 785 nm, a highly sensitive CCD detector cooled to -10°C, a
spectral range from 120 to 2700 cm™ with a resolution of 5 cm™, and the ability to
adjust the power of the exciting radiation between 50 and 500 mW. To avoid possible
damage to the manuscripts, initially all points selected for study were analyzed at a
minimum laser power of 50 mW, after which the power was increased to 100 or 150
mW. It was found that depending on the type of irradiated material (parchment without
inscriptions, ink from the letters, or pigment from the miniatures), spectra of different
quality are obtained at different power settings.

The portable XRF (pXRF) instrument used for comparative purposes in this study
was a Bruker Titan S1 spectrometer (Center of Archacometry with Laboratory of Con-
servation and Restoration — Sofia University) equipped with a Fast Silicon Drift Detec-
tor (SDD) cooled by Peltier elements and a resolution of the order of 160 eV FWHM
at 6 keV. The excitation source of this instrument was a Rh target X-ray tube, 4W, 40
kV, with a spot size of 3 mm? and a five-position automatic filter change. The duration
of each measurement was 90 seconds in the geoexploration mode, which allowed de-
termining for each element heavier than sodium if it was present in the material.

3 Results and Discussion

Five medieval manuscripts from the National Library's collection were analyzed using
the Raman spectrometer. Additionally, the pXRF analysis was also applied to three of
the codices at the same spots. These are manuscript No. 17 — Dobreishovo Gospel from
the beginning of the 13" century, manuscript No. 880 — Dragotin Menaion and Apostle
from the 12%-13" centuries, and manuscript No. 1378. In this section of the article we
present the main results of the study and material analysis of Dragotin Apostle (codex
No. NBKM 880), a palimpsest manuscript from the late 12% - early 13 century, kept
at the National Library of the Republic of Bulgaria. It contains text in Cyrillic and
Greek, hidden under the Cyrillic upper layer. A fragment of the Greek text is identified
as 11 century Octoechos, and the Cyrillic palimpsest folios (48 in number) contain an
Old Bulgarian 12 ¢. menaion (Christova-Shomova, 2018). The codex is partially stud-
ied in 2011 within the framework of the project “The Enigma of the Sinaitic Glagolitic
Tradition”, funded by the Austrian Science Fund. Manuscript NBKM 880 is of partic-
ular interest to us, as it includes two separate palimpsest parts with heterogenous prov-
enance, written in Greek and Cyrillic. This suggests that the monument contains two
works, the parchment folios of which, inks, and pigments were made at different times
or using different techniques. The previous study of this manuscript (Christova-
Shomova, 2018) analyzed the parchment and the inks of the Cyrillic palimpsest part
(from £.95 to £.159) — combining the various results of the complementary analyses
performed by XRF and rFTIR. Our study focuses on the specific characteristics of
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Greek palimpsest folios in comparison to the Cyrillic ones. In this preliminary study
we are mainly interested in the parchment measurements, taken by both instruments —
Optosky Raman spectrometer and Bruker Titan S1 XRF. Our ultimate goal is to identify
measurement parameters, which will serve to specify manuscript region of origin and,
possibly, dating.

The measurements are taken from folio No. 34 (Greek palimpsest) and folios 95,
101, 105, and 159 (Cyrillic palimpsest). A description of several of the sampled points
is given in Table 1, where the concentrations of some of the determined chemical ele-
ments in mass percent or parts per million (ppm) are also indicated.

Table 1. Elemental composition of several samples from manuscript No. 880.

Index |Example Al, % Si, % P, % S, % Cl, % IK, %

34v/2 [Parchment  [1.08+0.07.35+0.06}0.500.02]1.14=0.02 [1.1620.02}0.8420.01
341 [Blackink  0.29+0.0500.6940.040.32+0.02}0.47+0.01 [0.39+0.02}0.49+0.01
341/4 [Red pigment  |0.90+0.06]2.17:£0.0600.40-0.02}.01+0.03500.75+0.02}0.800.01
g5y [Pl letter fromf, 0 o 07 84:0.070.57:0.0241 320,02 |1.64:0.03}1.0820.01
the palimpsest
95t/1 [Parchment  |0.41+0.0500.95+0.040.27+0.02}0.55-0.01 [0.58+0.02}0.43+0.01
9512 [Blackink  0.15+0.03}0.25+0.03]0.21=0.01}0.23=0.01 [0.18+0.02}0.300.01
1011 |PR1e tetter fromly o) 0 0s}1.23£0.0600.370.020.72:0.02 |1.6520.03}0.66:0.01
the palimpsest

1051/1 |Red pigment 0.30ﬂ:0,04|0.61ﬂ:0,04 0.40+0.02]0.58+0.02 ]0.36+0.02]0.54+0.01

159v/1|Parchment 0.75+0.06}1.30+0.05]0.75+0.02J0.74+0.02 }2.07+0.03]0.79+0.01

Table 2. Continued.

Index |Ca, % Mn, pmeFe, % Cu, ppm|Zn, ppmjAs, ppm|Sr, pmePb, ppm
34v/2 P.67+0.03458+39 0.24+0.0121+3  |28+3  |126+9 [77+6 W48+17
34r/1 p.46+0.03213+£30 [0.18+0.01}14+£3  J13+3 |23+5 |67+£5 [81+£10
34r/4 B.27+0.021339+37 0.63+0.01|14+3 |39+3  [226+12 |53+5 597420
95v/1 P.31+0.02478+39 [0.26+0.01J23+3  |41+£3  |14+4  |55+£5 J65£9
95r/1 |1.324+0.02]189+27 |<0.001 |1243 212 [5+4 22+4 3548
951/2 0.29+0.01]273+£23 0.07+£0.01}14£3  J19+£3 |66 10£3  |65+11
101r/1J1.16+0.01318+33 [0.03+£0.00{14+3 263 [<1 26+4  |15+7
1051/1§0.76+0.01§170+£25 ]0.08+0.01}19+6 |47+5 |167+19 |17+3 369428
159v/1]1.94+0.021390+35 0.07+0.01J23+4  |26+£3 R1+6 |45+5 [93+11

The higher concentrations of the elements listed in Table 1 — the Greek palimpsest
parchment (sample 34v/2) compared to that with Cyrillic text (samples 95r/1 and
159v/1, respectively) are notable. The increase often exceeds 100%, and for elements
such as calcium, arsenic, and lead, it can reach 3 to 25 times higher concentrations for
the parchment from fol. 34. Considering that the folios are part of a written monument
with a common binding stored under the same conditions over the centuries, these sig-
nificant differences in the elemental composition can be attributed to the different
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method of processing the leather into parchment suitable for writing. The indicated dif-
ferences in the concentration of chemical elements can also be attributed to the addi-
tional scratching of the palimpsest folios to prepare the surface for the scriptio superior.
It is possible that the technology for erasing the older text resulted in a significant
"cleansing" of the parchment sheets from residues of mineral substances used for the
initial treatment of the leather.

Fig. 2. Raman spectrum of Codex 880, fol. 34v.

The differences in the chemical elements concentration between fol. 34 and folios 95,
101, 105, and 159, determined by XRF analysis, are also corroborated by the spectra
obtained using the Raman technique. Figures 2, 3, and 4 exhibit the spectral images of
the parchment from folios 34, 95, and 159. In all three spectra, an intense band seqience
around 290-300 cm™! is observed, which can be attributed to the organic compound
dimethyl sulfide. It is usually of biogenic origin (Barletta & Roe, 2011), and in this
case, it may be a product of the processing of collagen by certain types of bacteria.
Regarding the rest of the spectral region between 400 and 2600 cm’!, differences are
observed for the three spectra. The band around 900 cm™ in the obtained Raman spec-
trum of the parchment from fol. 159 can be attributed to valence bonds in the proline
and glycine molecules, which are part of the collagen structure (Malea et al., 2024). In
this spectrum, a weakly marked band of the carbonate ion at 1080 cm™! can also be seen.
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Fig. 3. Raman spectum of Codex 880, fol. 95r.

The series of Raman bands between 1200 and 1450 cm™! in the spectrum of fol. 95
correspond to the so called stretching vibrations in the lysine molecule, the Amide III
complex (a series of bands associated mainly with the structure of collagen), or to de-
formation vibrations in the NH; molecule. These bands, although less intense, are also
observed in the spectrum of the other folios of the Cyrillic palimpsest — fol. 159, but
not in the parchment with Greek palimpsest — fol. 34. The latter differs from the other
two — it exhibits intense bands around 2400 cm’!, which is characteristic of the stretch-
ing vibrations in the hydroxyl and carboxyl groups of organic compounds.
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Fig. 4. Raman spectrum of Codex 880, fol. 159r.

The discussed differences in the structure of several parchment folios from the two
studied medieval texts, give reason to believe that Raman spectrometry would be suit-
able for classifying parchment-written monuments based on differences in the technol-
ogy of their production.
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4 Conclusions

This paper presented a case study of Raman spectroscopy implementation for identifi-
cation of differences between two types of parchment in the Greek and Cyrillic palimp-
sest-parts of codex NBKM&880, where Raman spectroscopy precisely identified their
nature as well as their composition, specific to the molecular or crystal structure of the
material. The characteristic spectral bands, obtained through this technology, can fur-
ther be used to create a digital database that allows for the comparative study of various
aspects of the medieval manuscript heritage, based on quantitative and qualitative ana-
lytical data.

As aresult it can be concluded, that Raman technology for manuscript analyses pro-
vides reliable and accurate data which can yield new and verifiable hypotheses based
on the comprehensive information about the physical and chemical properties of each
individual manuscript, the history of its treatment, the origin of materials it is made of.
The application of new non-invasive methods of analysis as a methodology for com-
prehensive study of the material body of parchment manuscripts contributes to their
more precise historical, codicological and linguistic research and helps for their reliable
digitalization, conservation and restoration.
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