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Abstract: This paper presents a comprehensive deterioration profiling of the leather bookbinding of
Cazania lui Vaarlam printed in 1643 and owned by the National Museum of Romanian Literature. A
complex analytical approach encompassing spectroscopic techniques and thermal analysis methods was
set up for the leather bookbinding to investigate collagen structural changes induced by ageing and
assess the conservation condition of leather before the book restoration. The results’ correlation at
various structural levels brings out a detailed damage picture. The presence of gelatine was identified
on the bookbinding surface through ATR-FTIR and MHT method while bulk / depth profile analysis such
as micro DSC and NMR MOUSE indicated the decrease of the hydrothermal stability and collagen
matrix rigidity mainly due to de-tanning.
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1.Introduction

The Cazania (Homiliary) of Varlaam, the first book in Moldavia printed in Romanian (1643), is a
collection of homilies translated by Vaarlam, the Metropolitan of Moldavia. The book was
commissioned by Prince Vasile Lupu of Moldavia and printed in lasi, at the Three Hierarchs Monastery
(Manastirea Trei lerarhi) where the first printing press in Moldavia was set up in 1640. This
comprehensive compilation translated from Slavonic into Romanian (pre limba Romeniasca) from the
Seven Sacraments of the Church, the Answer to the Catechism of Calvin, together with the Law Code
belonging to Vasile Lupu (Pravila lui Vasile Lupu), the first Moldavian law anthology, is known as the
Romanian Book of Learning (Carte Romaneasca de Invatatura). It represents a linguistic monument that
shows how vivid was the Romanian society in Moldavia in the seventeenth century, highlighting the
road made by the Romanian people from the medieval to modern times. It was addressed to the entire
Romanian nation everywhere (la toata semetia romaneasca de pretutindeni), as the foreword by Prince
Vasile Lupu says. Consequently, a large number of copies of The Cazania of Varlaam or Varlaam's
Homiliary spread rapidly in the neighbouring provinces inhabited by Romanian speakers despite its high
price.

Apart of the merit of translating and collecting in the same volume a number of Greek and Slavonic
religious manuscripts, Metropolitan Varlaam, who led the Moldovan Orthodox Church from 1632 until
1653, throughout the reign of Vasile Lupu (1634-1653), is considered one of the creators of the
Romanian literary language.

The Cazania of Vaarlam comprises 54 homilies (biblical texts comments) on Sundays over the year
and 21 homilies at the royal feasts and saints. It was printed in a print run of about 1,000 copies [1].
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In the preface, which the prince Vasile Lupu addresses to the Christian faithful, it is mentioned that
this book in Romanian is a gift offered to the Romanian language, for God'’s praise and for the teaching
and use of the Orthodox souls. The book played an essential réle in the development of the Romanian
language becoming in time the most read book in our old culture: generations of priests and teachers
read these texts to believers in churches or to children at school. It had a wide circulation and a
phenomenal impact in the Romanian intra-Carpathian provinces (Transylvania, Banat, Bihor,
Maramures), where about 400 copies were found [2]. Moreover, no other worship book has not reached
the number of reprints that the Cazania of VVarlaam had, which in three centuries was reprinted entirely
14 times and in part 3 times, so totally 17 times. From the singular tradition of this unique book are also
the well-known manuscripts as well as many untold ones that were copied by those who could not afford
to buy a printed copy.

This paper presents a comprehensive analysis of the leather covers of one of the Cazania of Varlaam
printed in 1643 and belonging to the National Museum of Romanian Literature. The analysis was
occasioned by the restoration (rejuvenation) of the book. The physical-chemical study of the
bookbinding was intended to assess various issues, from the identification and characterization of the
materials and manufacturing process, to their damage assessment. Since the resistance of vegetable
tanned leather in time depends to a large extent on the integrity of its collagen structure, a correct
evaluation of the bookbinding health condition required the investigation of all structural levels of
collagen, from the molecular level (triple helix) to the macroscopic level (collagen matrix). We have
demonstrated that old/aged leather is a blend of tanned (chemically modified) collagen, untanned
(chemically unmodified) collagen and gelatin [3-5]. In addition, the chemical and structural composition
of leather may largely vary from one area to another across the cover. Frequently, historical leathers
show zones with different degree and type of damage even within a limited area where deterioration
may be superficial or partially/totally penetrated the inner structure. Deterioration can have a dynamic
character as in case of environmental exposure, or can be isolated as for damage caused by handling,
fire, floods, insects, etc. To cope with this complexity a multi-scale analytical protocol based on micro-
destructive (micro hot table method, micro differential scanning calorimetry) and non-destructive
techniques (infrared spectrometry with attenuated total reflection and unilateral nuclear magnetic
resonance) was set up [3-6]. This analytical approach can provide the necessary information to ensure
optimal storage and exposure conditions and select the most suitable restoration treatments so that to
ensure extending the bookbinding lifetime [7-10].

2.Materials and methods
Original bookbinding

The bookbinding appears damaged with dry, shrunk and brittle looking as well as frequent cracking.
Three micro-samples were taken for performing micro-destructive analysis from the most fragile areas,
inherently exposed to material loss during normal use (i.e. edge, bookbinding spine, etc.). New chestnut-
tanned leather from goat hide was used for comparison. Extracts of chestnut wood are the most common
ellagitannins used for vegetable tanning. Ellagitannins and gallotannins are the two subclasses of the
hydrolysable tannins [11]. The new leather was prepared according to procedures inspired by traditional
recipes at the National Research and Development Institute for Textile and Leather, Division Leather
and Footwear Research, Bucharest (Romanian patent no.122098/ 2006: Piele naturala pentru legatorie
carte de patrimoniu si procedeu de realizare a acesteia). The visual examination of the bookbinding
indicated that the leather was most likely made from goat hide. The tannage, identified by ATR-FTIR,
seems to have been a mix of hydrolysable and condensed tannins.

Infrared spectrometry with attenuated total reflection (FTIR-ATR)
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The FTIR-ATR analyses were carried out in a non-destructive manner, directly on bookbinding,
using a portable Alpha spectrometer (Bruker Optics) equipped with a Platinum ATR module. Spectra
were recorded in the 4000 — 400 cm® spectral range with a 4 cm™ resolution, using 32 scans. OPUS 7.0
software was used for processing and evaluating the spectra.

Micro Hot Table (MHT) method

The MHT method consists in the registration of the shrinking motion of few micro-fibres heated at
a rate of 2° C-min’! in the temperature range (20 — 100) °C. MHT measurements were carried out with
a Linkam LTS120 micro heating plate (Linkam Scientific Instruments) equipped with an automatic
heating rate adjustment system and a SMZ 745 Nikon stereomicroscope equipped with a Nikon D90
digital camera. The collagen shrinking is the intrinsic property of reducing their length up to a quarter
of the original one when heated in an aqueous environment. It can be directly observed at the microscope
while being registered for later evaluations by either an operator or image software [14-15]. The
shrinking behaviour of collagen fibres when heated represents a fine measure of the hydrothermal
stability of the collagen fibres and is currently evaluated based on few parameters: the temperature when
the first shrinkage of an individual fibre is observed (Ts), the temperature when the simultaneous
shrinkage in the fibre mass occurs (Ts) and the temperature when the last shrinkage of an individual fibre
is observed (T) [14]. Ts marks the beginning of the main shrinking interval AC when most fibres shrink
simultaneously. The length of the main shrinkage interval AC depends on the degree of collagen fibre
cohesion, while the length of the total shrinkage interval AT = T - Trwas related to the material structural
heterogeneity [16].

Micro Differential Scanning Calorimetry (micro DSC)

Micro DSC measurements were carried out with a high-sensitivity SETARAM Micro-DSC IlI
calorimeter using 850 pl stainless steel (Hastelloy C) sample cells. Measurements were performed in the
temperature range (5 to 95) °C at 0.5 K min™ heating rate. Micro-samples of about 2.0 mg were
suspended in 0.5 M acetate buffer (pH = 5.0) directly in the measure cell as previously reported [3, 5,
17]. Experimental DSC data acquired with the SETARAM SetSoft2000 software were analysed using
PeakFit 4.1 (Jandel Scientific) software. DSC multiple peaks of historical leather were deconvoluted
using the PeakFit asymmetric Gaussian fit function to improve the fit of the asymmetry in the peaks.

Unilateral Magnetic Resonance (NMR MOUSE)

Non-invasive single-sided *H NMR measurements were performed at room temperature using an
NMR MOUSE PM2 (Magritek GmbH) controlled by a Kea 2 spectrometer (Magritek GmbH) operating
at 27 MHz *H resonance frequency as described earlier [4, 18, 19]. This system can measure proton
relaxation times. Effective H spin-spin relaxationTz measurements have been measured using the
Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence with an echo-time (TE) of about 25 ps. The
experimental CPMG curves were best analyzed by a combination of double exponential functions. The
proton spin-lattice relaxation times T1 were measured with a saturation-recovery pulse sequence using a
Hahn-echo with an echo time of about 25 ps for detection. The analysis of the saturation recovery data
was best performed with the help of a single exponential function.

3.Results and discussions
Infrared spectrometry with attenuated total reflection (FTIR-ATR)

The main absorption bands of collagen, namely amide A (Aa): 3275 cm™ (vn-1), amide B (Ag): 3065
cm™ (Snwz overtone), amide | (Ai): 1630 cm™ (ve=o0), amide 11 (An):1545 cm™ (ven and Sni) and amide
1 (Am): 1232 cm}(in-plane SNH and vCH,) [20] were identified in all ATR-FTIR spectra collected
from the historical bookbinding (Figure 1). As the infrared bands assigned to vegetable tannins are
overlapping with those corresponding to collagen, the second derivative of the recorded ATR-FTIR
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spectra was calculated in the (1750 — 700) cm™ spectral region to determine the type of tannins originally
used for tanning (Figure 2). The spectral bands assigned to both hydrolysable and condensed tannins
were identified in all recorded ATR-FTIR spectra (Figure 2). The bands common to both types of tannins
were found at: 1606 cm™ (ve=c; aromatic ring), 1507 cm™ (vc=c; skeletal ring), 1445cm™ (vc=c; aromatic
ring), 1198 cm™ (vc.on; aromatic) and 1030 cm™ (B - CH deformation) [11-13]. It should be noted that
the high intensity band at 1030 cm™ indicates the presence of silicates dirt/dust adhering to the surface
of leather (Figure 2). Hydrolysable tannins were identified through their typical bands occurring at 1721
cm™ (vc=o; phenolic esters lactones or phenolic esters), 1322 cm™ (vc.o; lactones), 1080 cm™ (véc.o-c;
aryl phenolic ester), 872cm™ (yon and yc-n; tetrasubsituted aromatic) and 758 cm™ (v skeletal - sugar
ring, breathing vibration) [11-13]. On the other hand, condensable tannins were identified through their
typical bands occurring at 1282 cm™ (vc.o; pyran ring), 1159cm™ (véc.o-c; cyclic ether), 1110 cm™ (v¥c.
o-c; cyclic ether), 976 cm™ and 842 cm™ (yc.n; tetrasubsituted aromatic) [11-13].

The main change in the collagen structure is indicated by the shape of the amide I (A)) band: the
amide | component at 1655 cm™! indicates the presence of triple helical structure of collagen while the
component at 1630 cm'is due to gelatin [21, 22]. It is worth to mention that during denaturation of the
triple helix, the dominant 1655 cm™! band in the native collagen spectrum diminishes and the 1630 cm™
band becomes relatively intensified.
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The shrinking activity of the leather sub-samples taken from the bookbinding is shown in Figure 3
and compared to that of a new chestnut-tanned goat leather. The most important effect is the decrease of
both Tf and Ts temperatures simultaneously with the increase of both AC and AT intervals. This
behaviour indicates a significant drop of the hydrothermal stability [23]. In particular, the very low
values of Tr indicate the presence of highly unstable collagen fractions, pre-gelatinised or even
gelatinised. In addition, the widening of AC and AT intervals can be attributed to the loss of the
microfibres cohesivity and increase of the structural heterogeneity, respectively.
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Micro Differential Scanning Calorimetry (micro DSC)

The transition of collagen macromolecules from their native triple helical structure into a random
coiled structure via thermal unfolding (helix-to-coil transition) is revealed by micro DSC at a defined
temperature, Tmax, Which has been assumed as denaturation temperature of collagen fibrils according to

a statistical process [24-26]. Besides the position (Tmax) of the DSC peak, its height (C > max), width

(AT1/2), area (AH) and symmetry provide valuable information about the denaturation process, and
hence on the structural integrity of collagen [25-27]. In addition, the onset temperature Tonset Of the
transition, calculated by using the tangent method, is explained by conformational changes occurring
within the fibrils before the main denaturation transition Tmax, such as partial shrinkage of the fibrils [3-
5]. The parameters of the denaturation process represent a measure of the collagen matrix stability while
at the same time provide a measure of the distribution of molecular thermal stabilities [3, 17, 24, 25].
The parameters of thermal denaturation of collagen from the three investigated sub-samples are listed
in Table 1 and compared to those measured for a new chestnut-tanned goat leather. From these data it
follows that the hydrothermal stability of historical leather expressed as Tmax is much lower than that of
the new leather. This can be attributed with the utmost certainty to de-tanning, i.e. breaking down of the
collagen-tannin bonding. We have recently showed that natural ageing occurs through the following
key-steps: thermal destabilisation of chemically modified (tanned) collagen, de-tanning, thermal
destabilisation of chemically unmodified (fully de-tanned) collagen, gelatinisation and irreversible
denaturation [3,5]. In addition, we identified these various collagen populations based on their
hydrothermal stability: leather-like population shows denaturation in the interval (65 — 85) °C;
parchment-like population shows denaturation in the interval (45 — 65) °C; gelatine-like population
shows thermal transition at T< 45 °C [5]. From data in Table 1, it appears that historical leather shows a
boundary behaviour between leather-like and parchment-like structures. This is likely due to the
collagen-tannin complex breakdown (de-tanning) occurring over time [28]. Moreover, the enthalpic
values are much lower compared with that of the new leather. This is likely due to the collagen content
decrease over time as a result of its irreversible denaturation induced by deterioration. In fact, severely
deteriorated collagen that does not contribute to the denaturational change in enthalpy accumulates in
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the leather over time, resulting in a decrease of the overall denaturation enthalpy [5]. Additional
information on the structural heterogeneity of historical leather comes from the half-width of the overall
DSC peak, ATy2 (Table 1). It is apparent from these data and from Figures 4 that the shape of the overall
DSC peak reflects rather high structural heterogeneity due to the presence of multiple collagen
populations. For example, in the sub-sample 3 (Figure 4) three collagen populations with distinct thermal
stability coexist.

Table 1
Parameters of thermal denaturation of collagen in the three sub-samples taken from
the bookbinding compared to those measured for a new chestnut-tanned goat leather.

Samples Tonset / °C Tmax / °C AH /J'g_l ATi2/°C C;)‘(max / J.K-l.g-l
new leather 66.1+ 0.5 704+ 1.1 23.8+25 41+0.2 4.3+0.2
sub-sample 1 55.0 60.2 7.4 6.7 0.98
sub-sample 2 61.7 65.3 6.9 5.2 1.09
sub-sample 3 59.9 64.2 6.5 4.8 1.26
Uncertainty is the standard deviation.
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Figure 4. (a) Typical DSC denaturation peak associated with thermal denaturation of fully hydrated
collagen fibrils from a new goat leather tanned with chestnut extract. Tonset (°C) is defined by the
intersection of a line tangent to the steepest section of the leading edge and the baseline of the
thermogram. Tmax (°C) is the temperature of maximum heat flow. Enthalpy of thermal denaturation,
AH (J/9), is the area under the endothermic peak. AT (°C) is the full width at half maximum of the
endothermic peak. (b) Deconvolution of DSC denaturation multi-component peaks for sub-sample 3 of
the investigated bookbinding illustrating the distribution of collagen populations with distinct thermal
stability and their allocation to the leather-like domain and parchment-like domain.

Unilateral Magnetic Resonance (NMR MOUSE)

The interaction of collagen with water at specific levels of its hierarchical organisation within a
material relates with the material stability. A solid state NMR experiment with degraded parchment
revealed that ageing decreases the water content in a parchment sample due to partial hydrolysis of
peptide bonds in collagen [29]. The hydrolysed collagen is considered a degraded gelatine, with a
mixture of smaller molecular weight polypeptides. Moreover, historical leather is a complex blend of
collagen with various degrees of tanning, fully de-tanned collagen and gelatine. We have previously
showed that relaxation times may provide information about the tanning technique and ageing behaviour
[4, 16, 19, 30]. For example, from a T1 experiment on parchment performed with a single-sided NMR
sensor, Badea et al. [24] proposed that the gelatinisation process disorganizes the collagen structure and
leads to shorter T1 values, while the hydrolytic process produces longer T1 values. From the relaxometric

Rev. Chim., 71 (3), 2020, 51-58 56 https://doi.org/10.37358/RC.20.3.7973


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie i @
https://revistadechimie.ro @
https://doi.org/10.37358/Rev. Chim.1949 e

data listed in Table 2, we could infer a decrease of the collagen matrix organisation due to de-tanning as
suggested by collagen fibres shrinking behaviour and collagen denaturation indices leading to
gelatinisation, as indicated by ATR-FTIR analysis. In addition, the increase of the values of both
components of the spin-spin relaxation time T, attributed to collagen-water interaction at a freer (the
long component) and more restricted (the short component) level, could be attributed to a decrease of
the collagen matrix rigidity due to a loss of cross-links between collagen and tannin as well to a loss of
molecular cross-linking via water molecules [29,31]. This indicates that the leather becomes less rigid,
and the molecules become more mobile as a result of the de-tanning process.

Table 2
Relaxometric parameters for the historical leather compared with those
measured for new vegetable tanned leather, parchment and gelatine.

Colagen-based material T1 (MS) To2eff_long (MS) T2eft _short (MS)
chestnut-tanned goat leather 249+ 0.15 2.3£0.12 0.26+ 0.01
parchment 50.03 £0.29 0.72 +0.04 0.16 +0.01
gelatine 77.09+0.88 1.29+0.18 0.18 +0.01
historical bookbinding 9.7+1.3 5.4+ 0.6 1.3+£0.3

4.Conclusions

Deterioration of the historical leather bookbinding was studying using ATR-FTIR, MHT method,
micro DSC and NMR MOUSE. The deterioration assessment was performed based on the variation of
its physical-chemical parameters in comparison with new collagen based materials. The molecular
composition analysed by ATR-FTIR indicated mixed vegetable tanning (hydrolysable and condensed
tannins) and the presence of gelatine. The fibre assessment by MHT method confirmed the presence of
gelatine and evidenced a high degree of structural heterogeneity accompanied by a decrease of the
hydrothermal stability. The denaturation parameters determined by micro-DSC also indicated the low
hydrothermal stability of the material as well as the loss of the collagen content as a result of its
irreversible denaturation induced by deterioration. In addition, by DSC denaturation peak deconvolution,
a boundary behaviour between leather-like and parchment-like structures was revealed. NMR-MOUSE
depth profiles confirmed the decrease of the collagen matrix disorganisation and through de-tanning and
gelatinisation.
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