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Abstract

Correlation between microscopy, spectroscopy, and molecular modeling is essential for elucidating the reactivity of biomaterials
based on their electronic; physical and surface properties. Consequently, FTIR microspectroscopy (FTIRM) was used to study
Poly(N-vinylpyrrolidone) (PVP) and PVP-CaCOs films prepared via the solution casting method. FTIR spectra confirmed the
physical interaction between PVVP and CaCOs, thus indicating the availability of the functional groups of both compounds for
further interaction. DFT molecular modeling calculations at B3LYP/6-31G (d, p) basis set were performed on PVP, CaCOs3, and
four proposed schemes of interaction between both of them, and the structure's stability was examined in terms of total energy,
while electronic properties were investigated in terms of total dipole moment, HOMO-LUMO band gap energy (AE), and
molecular electrostatic potential maps (MESP). QSAR calculations were also performed to monitor the reactivity of the four
proposed PVP-CaCOs interactions. The obtained FTIRM, molecular modeling, and QSAR results highlighted the suitability of

the PVP-CaCOs blend for potential application as a biomaterial, such as bone-remineralization membrane.
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1. Introduction

Bone is a hard living tissue that makes up the skeleton,
and is a hierarchically structured composite material
of mineral and organic components [1,2]. The mineral
or inorganic component of the bones is a calcium
phosphate mineral known as hydroxyapatite, with the
chemical formula Caio(PO4)s(OH)2, while the organic
component is collagen [3,4]. The formation of the
bone matrix mainly takes place through first the
deposition of the organic matrix, then followed by
mineralization [5,6]. The bone formation process
involves continuous remodeling of the bone tissue,
including bone resorption by osteoclasts and bone
formation by osteoblasts; however, the disruption
between both processes leads to alteration of bone
composition and can result in bone diseases including
osteoporosis [5,7].

Bone quality is highly dependent on the quantity of
mineralized tissue present, which in turn depends on
different other factors including morphology,
microarchitecture, collagen content and integrity, and
mineralization [8]. Bone loss is the condition
describing the loss of bone mass, resulting in the
weakening of the bones and increased risk for fracture
[9]. It results from trauma, as well as degenerative
diseases such as osteoporosis which is associated with
reduced density of the bone minerals [10].
Consequently, bone grafts (autografts and allografts)
are considered the best treatment option for bone
repair, except that autografts face serious challenges
such as limited availability and donor-site morbidity
[10]. On the other hand, biomaterial allografts are
considered the second-best option after autografts,
owing to their availability in large quantities, as well
as availability in different types, forms, and properties
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which include biocompatibility, bioactivity, and non-
immunogenicity, thus being able to integrate well with
the host tissue [10-12].

Poly(N-vinylpyrrolidone) (PVP) is an important
water-soluble  polymer  produced via the
polymerization of N-vinylpyrrolidone monomer [13].
The biocompatibility of PVP qualified it to be applied
in various biomedical and pharmaceutical applications
such as tissue-equivalent materials and a binder in
many pharmaceutical tablets [14]. Several studies
have reported different biomedical applications of
PVP such as dressings and skin regeneration [15-20],
bone repair and regeneration [21-30], improving
hemo- and biocompatibility [31,32], dental implants
[33,34], as well as many other different biomedical
and pharmaceutical applications [35].

Fourier transform infrared (FTIR) spectroscopy is a
versatile, powerful, and sensitive technique that is
used to study the molecular composition of so many
systems and structures, by determining the functional
groups both qualitatively and quantitatively in the
samples under analysis [36]. FTIR spectroscopy has
been actively and continuously utilized in studying
biomaterials [37]. It has been implemented in studying
hydroxyapatite and its composites, and with different
dopants  [38-42], immunoregulatory  cell-free
biomaterials implanted into periodontal multi-tissue
defects [43], immobilization of active substances on
biomaterial substrates for medical applications [44],
silk biomaterials applied in tissue engineering
applications [45], novel hydrogels based on whey
protein isolate for tissue regeneration [46], polymeric
and bioactive glass-modified composite films loaded
with polyphenols for bone tissue engineering. [47],
and degradable biomaterials based on acetal moieties
for bone regeneration [48].

Different methods and levels of theory of molecular
modeling have been employed in computational
studies of bone components, as well as materials
intended for bone regeneration applications [49].
Density functional theory (DFT) was employed to
calculate the adsorption of polycaprolactone on pure
and doped hydroxyapatite [50]. DFT was also utilized
to study the surface structures and properties of pure
and silicate-substituted hydroxyapatite [51] and to
study the interaction of collagen peptides with
hydroxyapatite surfaces [52]. The inhibition of
hydroxyapatite by phosphocitrate was theoretically
studied using DFT calculations [53]. Molecular
dynamics approaches have been implemented to study
the adsorption of bone morphogenetic protein-2
(BMP-2) on surfaces of hydrophobic graphite and
hydrophilic titanium dioxide rutile [54], and also its
adsorption behavior with four initial orientations on
hydrophobic gold and hydrophilic silicon nitride
substrates [49]. PM5 semiempirical quantum
mechanical calculations were conducted to study the
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interaction between chitosan and hydroxyapatite [55].
Molecular  modeling was used to study
chitosan/dopamine/ Fe;O3 as an  effective
nanocomposite for tissue engineering applications
[56]. Four-body corrected fragment molecular orbital
calculations at the MP2 level were employed to study
hydroxyapatite—peptide interaction [57]. PM6
semiempirical, Hartree-Fock, and DFT calculations
were carried out to calculate the thermal parameters of
carbonated  hydroxyapatite [58], and PM6
semiempirical level was used to study the interaction
between carbonated hydroxyapatite and zinc oxide
[59]. DFT and different experimental characterization
techniques were used to study PVP films filled with
cadmium sulfide (CdS) nanoparticles via in-situ
preparation technique. Results demonstrated that CdS
nanoparticles are stabilized by chemical interaction
with PVP [60]. PVP matrices doped with silver and
gold were also prepared by simple casting method and
studied using DFT [61]. Simple casting method was
also used to prepare Chitosan/PVP blend with
different concentrations of ZnS nanoparticles, the
properties of which were experimentally investigated,
in addition to computational DFT approach [62].

In this study, the interaction between PVP and
calcium carbonate (CaCO:s) is investigated using FTIR
microspectroscopy for potential application as bone-
remineralization membranes, since CaCOs is the
primary structural mineral in the body. The electronic
properties and  quantitative  structure-activity
relationship (QSAR) of the proposed interaction
schemes between PVP and CaCOs; are also
investigated using DFT molecular modeling
calculations. To the best of our knowledge, this is the
first study to report on the correlation between FTIR
microspectroscopy, molecular modeling and QSAR in
studying the reactivity of PVP polymeric matrix
prepared via simple solution casting method and
incorporated with CaCOs; for possible application as
bone remineralization membrane.

2. Experimental

2.1. Materials
Calcium carbonate was purchased from Daejung
Reagents Chemicals, South Korea.

Polyvinylpyrrolidone (PVP K-30) was purchased from
Golden Bell Reactivos, Mexico.

2.2. Sample preparation

PVP and PVP-CaCOs films were prepared using the
solution casting method. 1 gram of PVP was dissolved
in 100 ml of distilled water via continuous stirring
until complete dissolution of PVP and a clear solution
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is obtained. PVP solution was then cast in plastic Petri
dishes and left for 5 days to dry at room temperature.

1 M solution of CaCO; was prepared by dispersing 1
gram of CaCOg3 powder in 10 ml of distilled water, via
continuous stirring for 2 hrs to ensure complete
dispersion. PVP/CaCOs3 film was then prepared by
adding 0.5 ml of CaCOs; solution dropwise to 20 ml
PVP solution with continuous stirring for 2 hrs. The
obtained solution was finally cast in plastic Petri
dishes and left for 5 days to dry at room temperature.

2.3. Fourier Transform Infrared
microspectroscopy

FTIR microspectroscopy measurements of the
prepared films were performed at the Infrared
Beamline of Synchrotron-light for Experimental
Science and Applications in the Middle East
(SESAME) in Jordan. The spectra were acquired in
transmission mode using the globar source of Thermo
Nicolet 8700 FTIR spectrometer coupled with Thermo
Nicolet Continuum IR microscope equipped with an
MCT (Mercury Cadmium Telluride) detector.
OMNIC v. 9.2.41 software package (Thermo Fisher
Scientific, USA) was used for both data acquisition
and data analysis. Spectra were recorded in the mid-
infrared spectral range of 4000-650 cm™ with a
spectral resolution of 4 cm™, with 128 co-added scans
for the samples and 256 co-added scans for the
background, levels of zero filling: 0 with Happ-Genzel
apodization window. The IR area maps of the samples
were acquired with Atlus v. 9.1.24 mapping software
(Thermo Fisher Scientific, USA) using the 15X
Schwarzschild objective and a matching 15x
condenser.

(FTIR)

2.4. Molecular Modeling Calculations

The model molecules for CaCO3 and 3-unit (trimer)
PVP were built using Gaussview 5.0 [63], and the
geometry optimization and molecular modeling
calculations were performed using Gaussian09
program [64] at Spectroscopy Department, National
Research  Centre (NRC), Egypt. Geometry
optimization was done using Density Functional
Theory (DFT) with the basis set of B3LYP/6-31G (d,
p) [65-67]. A total of four interaction schemes between
PVP and CaCQOgs were proposed, such that CaCOs was
assumed to interact with PVP via weak bonding, once
through the oxygen atom of the middle PVP unit, and
once through the oxygen atom of one of the terminal
units, and this interaction is assumed to take place once
through the calcium atom of CaCO3 and once through
oxygen atom. Total dipole moment (TDM), HOMO-
LUMO band gap energy (AE), molecular electrostatic
potential (MESP) maps, and theoretical IR spectra
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were also all calculated at the same level of theory to
confirm that the calculated structures are
corresponding to minimum energy, and to confirm the
optimum structure and validating the obtained
calculations.

2.5. Quantitative structure-activity relationship
(QSAR)

QSAR modeling was performed using SCIGRESS 3.0
modeling and dynamics software suite [68] at
Spectroscopy Department, National Research Centre,
Egypt. A number of descriptors were estimated to fully
assess the QSAR of the proposed interactions. The
estimated descriptors were polar surface area (P-area),
solvent-accessible polar surface area (Acc. P-area),
ionization potential (IP), number of hydrogen-bond
donor sites (HBD), and number of hydrogen-bond
acceptor sites (HBA).

3. Results and discussion

3.1. FTIR Microspectroscopy

The FTIR spectra of pure PVP and PVP-CaCQOs; films
in the range of 1800-800 cm™ are shown in Fig. 1. The
FTIR spectrum of pure PVP depicted its typical
characteristic bands mentioned in the literature [69-
75]. The band at 1664 cm™ is attributed to C=0
stretching vibration while the one at 1626 cm™ could
be attributed to OH bending of absorbed water. The
bands in the range of 1495-1425 cm? are
corresponding to C—H, deformations. CH: bending is
represented by the band at 1375 cm™. The two bands
at 1292 and 1020 cm™* are attributed to C-N stretching.
The bands at 1227, 1173, and 845 cm™ are ascribed to
C-C stretching, deformation vibration of the aromatic
rings, and CHz bending, respectively.

In the FTIR spectrum of PVP-CaCOs film, all of the
characteristic bands of PVP are still clearly seen which
suggests that the interaction between PVP and CaCOs3
is a physical blend rather than a chemical complex
[59,76]. The major difference in the spectrum of PVP-
CaCO3; when compared to that of pure PVP is the
emergence of the characteristic bands of CaCOs; at
1471-1444, 876, and 710 cm™ representing bending
vibrations of the carbonate group [59,77,78].

FTIR microspectroscopy also provides chemical maps
depicting the chemical distribution of specific
components, functional groups, or spectral regions in
color-coded images, in which red areas represent high
signal intensity, while blue areas represent low signal
intensity [79,80].
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Figure 1: FTIR absorbance spectra of PVP and PVP-CaCO3; membranes

Consequently, as shown in Fig. 2, two chemigram
maps were generated for each sample over the 1500-
1400 cm'* and 920-820 cm* spectral regions which are
common regions hosting characteristic bands of PVP
and CaCOs as mentioned in the spectral analysis.
From the generated chemigram maps, it is easy to
visually notice the difference in the chemical
distribution pattern in the defined spectral regions
between PVP and PVP-CaCOj3 blend films, owing to
the presence of different functional groups
corresponding to different chemical components
related to PVP and CaCO:s.

)
¥

(b)
Figure 2: FTIRM chemigram maps of the 1500-1400

cm* region of (a) PVP and (a') PVP-CaCQs, and of the
920-820 cm™* region of (b) PVP and (b') PVP-CaCOs.
The chemigram scale bars are expressed in pm.

Egypt. J. Chem. 67, No. 2 (2024)

3.2. Molecular Modeling

3.2.1. Building model molecules

Based on the obtained FTIR microspectroscopy results
which confirmed that the interaction between PVP and
CaCOs; is a physical one, thus allowing the functional
groups of both compounds to be available for further
interaction with the surrounding medium, and
consequently has a direct effect on the overall
reactivity of the PVP-CaCOs blend, it is important to
further investigate the possible interactions and
resulting structures to follow their effect on the
reactivity. As a first step, it is important to demonstrate
how the molecules were built. Fig. 3(a) shows the
optimized structure of trimer (3-unit) PVP molecule
and Fig. 3(b) shows the optimized structure of CaCO3
molecule. The PVP trimer is composed of 18 carbon
atoms, 29 hydrogen atoms, 3 oxygen atoms, and 3
nitrogen atoms. The oxygen atom in each PVP unit is
linked to a carbon atom by a double bond, exactly at
carbon atoms number C15, C19, and C23. From the
demonstrated structures and in correlation with the
obtained FTIR microspectroscopy results, physical
interaction in the form of weak bond or electrostatic
attraction such as hydrogen bond or Van der Waals
attractions is assumed to take place between PVP and
CaCOs through one of the oxygen atoms of the PVP
trimer, once through the oxygen atom of the middle
PVP unit (mid O), and once through the oxygen atom
of one of the terminal units (term O). In addition, this
interaction is assumed to take place once through the
calcium atom of CaCOj3 (mid O-Ca and term O-Ca),
and once through its oxygen atom bonded to the
carbon atom (mid O-O and term O-O). Therefore, four
proposed schemes of interaction will be investigated.

To understand the reactivity of the studied structures,
molecular modeling is the best candidate for
elucidating the reactivity of a given compound [81].
Furthermore, modeling data confirm those obtained
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from spectroscopy [82,83]. The modeling parameters
such as TDM, AE, as well as MESP are considered as
excellent indicators for the reactivity of the studied
structures, as reported earlier in the previous findings
[84,85]. To validate the obtained modeling data, one
can calculate the vibrational spectra at the same level
of theory, to confirm that the structures are real
structures in terms of positive frequencies [86].

It must be noted that DFT is a valuable and widely
accepted computational method that has the advantage
of describing electron correlation at a reasonable
computational cost [87,88]. Additionally, a good
balance can be achieved between placed and localized
bond structures using the B3LYP method, hence
B3LYP/6-31G (d, p) basis set was applied in many
studies for the calculation of HOMO-LUMO band gap
energies [88].

The optimized structures of PVP, CaCQgs, and their
four proposed interaction schemes are shown in Fig. 3.

(c) (d)
250 & "N
‘?”s %,*‘wa‘/w :‘}%3
e} “’;'h‘r 91{’
W

(e) ()
Figure 3: Optimized structures of (a) PVP, (b) CaCOs,
(c) PVP-CaCO; (mid O-Ca), (d) PVP-CaCO; (mid
0-0), (e) PVP-CaCO; (term 0-Ca), and (f)
PVP-CaCQs; (term O-0)

The DFT computed IR spectra are demonstrated in
Fig. 4. The theoretical IR spectra of PVP and PVP-
CaCOs3 were computed and compared to the
experimentally obtained FTIR spectra, and also to

Egypt. J. Chem. 67, No. 2 (2024)

confirm that the resulting optimized structures are
real structures and confirming that the structures are
corresponding to minimum energy.
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Figure 4: DFT computed IR spectra of (a) PVP, (b)
PVP-CaCO3 Mid Ca, (c) PVP-CaCO3 Mid O, (d)
PVP-CaCO3 Term Ca, (e) PVP-CaCO3 Term O-O

All of the DFT computed IR spectra of the optimized
structures yielded positive frequencies, confirming
that the structures are real [59]. The characteristic
bands of PVP and PVP-CaCOs; blends in the
theoretically computed IR spectra are close to those
obtained in the experimental spectrum. Similar to the
experimental FTIR spectrum, the computed IR
spectrum of pure PVP demonstrated a main band at
~1700 cm? corresponding to C=0 stretching
vibration, with multiple bands in the range of 1485-
1420 cm arising from C—H, deformations. The CH
bending vibrations appeared at ~1320 cm?, while the
band attributed to C-N stretching appeared at 1295 cm’
L. The difference between the spectral features of PVP
(Fig. 4a), and PVP-CaCOs blends (Fig. 4b, ¢, d, and €)
can also be easily and clearly observed.
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3.2.2. Total energy, total dipole moment, and HOMO-
LUMO band gap energy

The energies of the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO), and their difference (HOMO-LUMO band
gap energy (AE)) [89], as well as the total energy of a
given structure, are very important physical
parameters in describing the stability of this structure,
such that the lower the total energy the more stable the
structure is [90,91], while the higher the AE the more
stable the structure is [88,89,92]. On the other hand,
TDM s used to detect the nature of reactivity of a
given structure or system, and it is well established in
several studies that TDM is closely related to reactivity
in such a way that the higher the TDM, the higher the
reactivity [93-95]. In addition to TDM, AE also plays
an important role in describing the reactivity in such a
way that high AE is indicative of lower reactivity while
low AE is indicative of higher reactivity [89,82].
Table 1 lists the total energy, TDM, and AE of the
optimized structures calculated at B3LYP/6-31G (d,
p). As shown in the table, the total energy has
significantly decreased upon the interaction of PVP
with CaCOs, reaching very close values among the
four proposed schemes of interaction. This indicates
that the four schemes of interaction resulted in much
more stable structures than PVP and CaCOs
individually.

In terms of reactivity, the values of TDM and AE were
in perfect agreement with each other, and it is clear
from the calculated values that all of the interaction
schemes resulted in structures with higher reactivity
than PVP. From the obtained values, the interaction
scheme of PVP-CaCOs; (term O-0) had the highest
TDM of 14.8063 Debye and the lowest AE of 2.9393
eV, confirming that this is the most reactive structure
among the proposed interaction schemes. The
calculated HOMO-LUMO orbitals for PVP, CaCO3,
and the four proposed interaction schemes are
demonstrated in Fig. 5.

Table 1. Values of total energy, TDM, and HOMO-
LUMO band gap energy calculated at B3LYP/6-31G
(d, p) for PVP, CaCOs, and their four proposed
interaction schemes.

Structure Total energy TDM AE
(KeV) (Debye) (ev)

PVP -29.7534 4.3608 7.1174

CaCOs; -25.6157 14.6362 | 1.1733

PVP-CaCOs3 -55.3726 11.8992 | 3.0909

(mid O-Ca)

PVP-CaCOs3 -55.3726 10.5961 | 3.0879

(mid O-0)

PVP-CaCOs -55.3724 14.6691 | 2.9491

(term O-Ca)

PVP-CaCOs3 -55.3724 14.8063 | 2.9393

(term O-0)
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(e)
Fig. 5. DFT HOMO-LUMO frontier molecular
orbitals calculated at B3LYP/6-31G (d, p) for (a) PVP,
(b) CaCOs;, (c) PVP-CaCOs; (mid O-Ca), (d)
PVP-CaCOs3; (mid O-0), (e) PVP-CaCOs (term O-Ca),
and (f) PVP-CaCOs; (term O-0)

3.2.3. Molecular electrostatic potential

MESP is simply a color-coded map of the electrostatic
potential based on the constant electron density
surface that is created by the nuclei and electrons of a
molecule in the surrounding space [96,97]. It is a
commonly known and well-established method to
study and predict the molecular behavior of
interaction, by determining the sites of high electron
density (red color) available for attack by
electrophiles, and the sites of low electron density
(blue color) available for attack by nucleophiles [96-
98]. The MESP maps obtained in this study are
displayed in Fig. 6.

As seen in the figure, it is obvious that the sites of high
electron density are the oxygen atom of the C=0 group
of PVP units, as well as those of the CaCO3 molecule,
indicating that those sites are susceptible to attack by
electrophiles. The blue color surrounding the calcium
atom of the CaCO3z molecule clearly reflects the low
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electron density at this site, making it available for
attack by nucleophiles.

(e) ()
Fig. 6. MESP maps calculated at B3LYP/6-31G (d, p)
for (a) PVP, (b) CaCOs, (c) PVP-CaCO; (mid O-Ca),
(d) PVP-CaCO3 (mid 0O-0), (e) PVP-CaCOs (term
0-Ca), and (f) PVP-CaCQOs; (term O-0)

3.3. Quantitative structure-activity relationship
QSAR is a computational modeling method that has
been applied in numerous scientific studies to study
the relationship between the chemical structure of
compounds and their biological activities [99]. This
relationship is described through a number of
numerical values called descriptors, resulting from the
QSAR computational model [100]. In the current
study, the descriptors used to investigate the QSAR of
PVP and PVP-CaCOs; blends are P-area, Acc. P-area,
IP, HBD, and HBA.

The P-area is defined as the sum of the molecular
surface of polar atoms, including nitrogen and oxygen
atoms and any hydrogen atoms attached to them [101],
and describes the physical interaction of the surface of
the molecule that is to take place through its
electrostatic potential [102]. Acc. P-area is the surface
area of both electronegative and electropositive atoms
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that is accessible to a polar solvent, such as water, for
interaction [102], such that the larger the solvent Acc.
P-area, the higher solubility and lower lipophilicity
which would be desirable to molecules intended to be
present in a water medium [103]. IP is the amount of
energy required to ionize a structure, thus reflecting
also its reactivity [91]. Finally, HBD and HBA are
simply the number of sites of hydrogen-bond donors
and hydrogen-bond acceptors, respectively, showing
the capability of the molecule to form hydrogen bonds
103].

'[I'abll 2 lists the calculated values of the QSAR
descriptors for PVP, CaCOs3, and the four schemes of
interaction of the PVP-CaCOs; blend. As shown in the
table, the P-area and Acc. P-area of the four schemes
of interaction of the PVP-CaCOg; blend are noticeably
larger than those of PVP, which indicates higher
solubility and lower lipophilicity, with PVP-CaCO3
(term O-O) having the highest value of both
descriptors. The IP of the four schemes of interaction
of the PVP-CaCQOs3 blend came lower than that of PVP
and CaCOs indicating higher reactivity of the blend,
with again PVP-CaCOs; (term O-O) showing the
lowest IP value, suggesting that it is more reactive than
the rest of the interaction schemes. Finally, all the
studied structures had zero HBD, but demonstrated
varying numbers of HBA sites, revealing the
capability of all the structures to participate in the
formation of hydrogen bonds.

Table 2. QSAR descriptors calculated at B3LYP/6-
31G (d, p) for PVP, CaCOs, PVP-CaCO3z (mid O-Ca),
PVP-CaCO;3; (mid O-O), PVP-CaCOs3 (term O-Ca),
and PVP-CaCOs; (term O-0)

Structure | P-area Acc. IP HBD | HBA
(A% | P-area | (kJ/mol)
GY)

PVP 62.41 36.4 37.44 0 6
CaCOgs 78.62 70.63 31.06 0 3
PVP- 19352 | 1164 28.6 0 8
CaCOs

(mid

0-Ca)

PVP- 165.77 | 97.16 27.98 0 9
CaCO;

(mid 0-0)

PVP- 199.72 | 125.64 27.16 0 9
CaCO;,

(term

0-Ca)

PVP- 201.85 | 126.2 27.12 0 9
CaCOs

(term

0-0)
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The number of HBA sites in the four schemes of
interaction of the PVP-CaCOs3 blend was higher than
that of PVP, indicating the relatively higher number of
hydrogen bonds they can participate in forming.

4. Conclusion

FTIRM results indicated that PVP and CaCOs
interacted physically as the functional groups of both
compounds are still present. The interaction was
further studied using DFT calculations at B3LYP/6-
31G (d, p) level in terms of total energy, TDM, AE,
and MESP. Based on both TDM and AE results, it is
clear that all of the PVP-CaCOs interaction schemes
resulted in structures with higher reactivity than PVP.
The interaction scheme of PVP-CaCO; (term O-O)
had the highest TDM and lowest AE, confirming that
this is the most reactive structure among the proposed
interaction schemes. MESP maps confirmed that the
sites of high electron density are the oxygen atom of
the C=0 group of PVP, as well as those of the CaCO3
molecule, indicating that those sites are susceptible to
attack by electrophiles. While the calcium atom of the
CaCOs molecule clearly reflects the low electron
density at this site, making it available for attack by
nucleophiles.

QSAR descriptors indicated that, the P-area and Acc.
P-area of the four schemes of interaction of the PVP-
CaCOs; blend are noticeably larger than those of PVP,
which indicates higher solubility and lower
lipophilicity, with PVP-CaCOs3 (term O-O) having the
highest value of both descriptors. The IP of the four
schemes of interaction of the PVP-CaCQs blend came
lower than that of PVP and CaCOs indicating higher
reactivity of the blend. The PVP-CaCO; (term O-0)
showed the lowest IP value, indicating that it is more
reactive than other schemes. Finally, all schemes
showed zero HBD sites, with varying values of HBA
sites, indicating that all studied structures are able to
participate in the formation of hydrogen bonds.
Correlating the above results, one can conclude that
the obtained FTIRM, molecular modeling, and QSAR
results highlighted the suitability of the PVP-CaCOs
blend for potential application as a biomaterial, such
as a bone-remineralization membrane. As a general
conclusion, microscopy, spectroscopy, and molecular
modeling could be correlated to indicate the reactivity
of casted PVP and PVP-CaCO:s films.
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