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Two series of polymeric blends have been prepared based on hydroxypropyl methyl cellulose (HPMC)/polyacrylic acid
(PAA) (1:1, 1:2, 1:3, 1:4) and HPMC/sodium alginate (SA) (1:30, 2:30, 3:30, 4:30) and investigated by Attenuated
Total Reflectance—Fourier Transform Infrared Spectroscopy (ATR-FTIR). IR analysis confirmed the interaction
between the polymeric components in the blend and the degree of structural organization. Crystallinity changes in the
blends were observed as a function of a number of experimental parameters, such as temperature, composition and
HPMC concentration, by determining the quantitative crystallinity indexes: Total Crystallinity Index (TCI), Lateral

Order Index (LOI) and Hydrogen Bond Index (HBI).
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INTRODUCTION

Hydroxypropyl methyl cellulose is a cellulose
derivative obtained by methyl and hydroxypropyl
substitution of free hydroxyl groups, with
enhanced solubility, gelation and film-forming
ability. Considering its properties, it has been
investigated for wuse in oral and topical
pharmaceutical applications, as mucoadhesive
drug delivery system, specifically due to its high
hydrophilicity, as well as in coating materials.' In
order to improve its mucoadhesive and physical
properties, HPMC is used in combination with
compatible polymeric components to form
polymeric blends. Thus, a HPMC/PC blend film
proved higher mucoadhesive properties than the
pure HPMC film in buccal drug delivery
systems.2 Also, HPMC/PVP blends are more
flexible, being suitable for applications in
packanging,” controlled drug delivery,’ tablet
coating systems,” while HPMC/chitosan blends
could be a promising approach for transdermal
drug delivery formulations.®

Studies on the morphology and crystallinity of
cellulosic materials have been developed in recent
years by means of infrared spectroscopy, Raman
spectroscopy, solid state NMR and X-ray
diffraction analysis, by defining the “total
crystallinity index”,” “lateral order index™® and

“hydrogen bond intensity”,” referring to the
degree of the intermolecular regularity, crystal
system and bound water.

Recently, the crystallinity index has been used
to investigate the structural changes occurring in
some cellulose derivatives after physicochemical
or biological treatments.'*"”

In this study, we prepared polymeric blends
based on hydroxypropyl methyl cellulose
(HPMC)/polyacrylic acid (PAA) and
HPMC/sodium alginate (SA), in different ratios,
and then used infrared spectroscopy to investigate
in depth the influence of composition,
concentration of hydroxypropyl methyl cellulose
and temperature on the crystallinity of the
developed polymeric blends.

EXPERIMENTAL
Materials

Hydroxypropyl methyl cellulose (HPMC) (Aldrich,
Germany), polyacrylic acid (PAA) (Aldrich, Germany)
and sodium alginate (SA) (Aldrich, Germany) were
used as received. The polymeric blends Ia
(HPMC/PAA 1:1), Ib (HPMC/PAA 2:1), Ic
(HPMC/PAA 3:1), Id (HPMC/PAA 4:1) and Ila
(HPMC/SA  1:30), IIb (HPMC/SA 2:30), Ilc
(HPMC/SA 3:30), IId (HPMC/SA 4:30) were prepared
according to a procedure described by Gafitanu.'*
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Methods

Attenuated Total Reflectance-Fourier Transform
Infrared Spectroscopy (ATR-FTIR) recordings were
carried out on a Bruker Vertex 70 spectrometer,
equipped with a single reflection diamond ATR -
Golden Gate and a temperature controller. The spectra
were recorded in the 600-4000 cm™ spectral range,
with a resolution of 2 cm™, in the ATR mode.

The polymeric blends were analyzed first at room
temperature and then at 37 °C, 47 °C and 55 °C (first
step of thermal decomposition) in heating/cooling
processes. After setting the temperature, the blend
sample was maintained 3 min before the spectral
acquisition. The 1500-1200 cm™ spectral region was
the most investigated one, as in this region, the
characteristic bands assigned to the crystalline areas in
the HPMC blend component were identified. The
spectra were deconvoluted in this region by a fitting
procedure, using OPUS 6.5 software, based on maxima
found with the second derivative of the spectra. The
corresponding areas of the peaks were calculated with
a 50% Gaussian and 50% Lorentzian function.

RESULTS AND DISCUSSION

In 1964, Nelson and O’Connor’ demonstrated
that the ratio between the absorbance of the bands
at 1372 cm™ and 2900 cm™ is useful to estimate
the crystallinity in cellulose-based materials. They
compared the infrared ratios of some cellulosic
samples with the values obtained by X-ray
diffractograms and found a good correlation with
X-ray data. Based on their reports, the most
important region of the IR spectra is between
1500-1200 cm’, as it is the wavenumber range
where the characteristic bands assigned to C-H
bending, O-H bending and CH, wagging
vibrations are found. Within this range, the most
suitable in indicating the crystallinity is the 1372
cm’' band. The ratio between this band and that at
2920 cm™ (C-H stretching vibration) defines the
Total Crystallinity Index (TCI). Another
characteristic band is that at 1410 cm™, assigned
to CH, scissoring vibrations, useful in the
identification of the type of crystalline cellulose.
The position and the intensity of this band are
related to the structural modifications occurring at
the C6 group (inter- and intramolecular H bonds),
indicating the transition of crystalline cellulose to
amorphous cellulose.® The ratio of this band and
that at 912 cm’, which is attributed to the
amorphous regions of the cellulose, defines the
Lateral Order Index (LOI), which can be useful
for assessing both qualitative and quantitative
changes in cellulose crystallinity — when LOI
decreases, the crystallinity also decreases.
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Another way to predict the crystallinity of
cellulosic materials is Hydrogen Bond Index
(HBI). The ratio between the absorbance of the
bands at 3350 cm’l, assigned to O-H stretches,
and that at 1330 cm™, specific to the O-H in-plane
bending vibrations, can measure qualitative
changes in crystallinity, because the band at 1330
cm’ shows the greatest differences between the
crystalline and the amorphous cellulose."

Influence of composition of HPMC-based
polymeric blends on their crystallinity

Polyacrylic acid and sodium alginate were
used to obtain two series of HPMC-based blends.
The addition of the polymers to HPMC
determined some spectral changes assigned to the
intermolecular hydrogen bonds between the blend
components. The estimated H-bond interactions
by the Sederholm equations'® revealed a strong
interconnected network between HPMC and
PAA, with a calculated H-bond energy of 25.89
kJ ,17 as compared to the HPMC/SA blends, where
the H-bond energy was 19.13 kJ, increasing with
an increased content of HPMC.'®

The IR spectra of the blends revealed similar
absorption bands assigned to the O-H stretches at
3300-3400 cm™, C-H asymmetric and symmetric
stretches  assigned to the methyl and
hydroxypropyl  groups arising from the
substitution of O-H groups at 2800-2900 cm™, C-
O-C bonds in ether cellulose derivatives found at
1300-900 cm” and bands at wavenumbers
ranging from 1200 cm™ to 1500 cm™, which are
specific to the determination of the crystallinity
indexes."

The calculated values of crystallinity indexes
for the pure HPMC and the developed polymeric
blends are indicated in Table 1. One can observe
an increase in the TCI value upon addition of
PAA and SA from 1.00 (HPMC) to 2.63
(HPMC/PAA) and 2.20 (HPMC/SA), as well as
in the LOI value from 0.34 (HPMC) to 4.22
(HPMC/PAA-Ia) and 5.12 (HPMC/SA-Ila),
suggesting an increase in the crystallinity degree
(TCI) of the HPMC, supported by the H-bond
interactions between the polymeric components
(HBI), and in the overall degree of order in
HPMC (LOI). The formation of the strong
interconnected networks is also supported by the
HBI values, which increase from 40% (HPMC) to
98.86% (HPMC/PAA) and 44% (HPMC/SA).



Hydroxypropyl methyl cellulose

Table 1
Calculated crystallinity indexes for HPMC-based polymeric blends

Sample TCT (A 374/ Ago20) LOI (Ay416/Ag04) HBI (As3s0/A1337) (%)
25 °C
HPMC 1.00 0.34 40.00
Ia 2.63 422 98.86
Ib 1.38 2.40 86.00
Ic 1.33 1.60 53.84
Id 1.14 1.63 4545
ITa 2.20 5.12 44.00
IIb 1.16 6.00 20.00
IIc 2.66 10.75 10.00
1Id 1.71 6.28 12.50
37 °C (heating)
Ia 2.00 3.45 10.52
Ib 1.57 2.18 38.88
Ic 1.38 1.50 21.42
Id 1.40 1.50 23.52
IIa 2.40 4.44 18.18
IIb 1.63 3.54 8.33
IIc 2.40 7.50 7.14
1Id 1.62 5.25 6.56
47 °C (heating)
Ia 2.00 2.00 4.10
Ib 1.71 1.81 8.69
Ic 1.44 1.50 10.52
Id 1.53 1.52 5.00
IIa 2.80 4.20 8.33
Ib 1.54 3.33 6.56
Ilc 2.37 5.22 6.25
IId 2.11 4.09 5.88
55 °C (heating)
Ia 1.88 1.76 4.00
Ib 1.66 1.66 4.16
Ic 1.50 1.41 476
Id 1.53 1.55 4.54
ITa 2.50 4.20 9.09
IIb 1.72 341 6.56
Ilc 2.22 4.60 6.25
IId 1.90 4.18 5.88
47 °C (cooling)
Ia 2.13 2.12 3.84
Ib 1.72 1.93 8.00
Ic 1.62 1.50 5.00
Id 1.61 1.47 4.76
ITa 2.50 4.20 8.33
IIb 1.63 3.63 6.56
IIc 2.25 5.00 5.88
1Id 1.75 3.38 6.25
37 °C (cooling)
Ia 1.57 2.07 4.34
Ib 1.68 1.92 15.78
Ic 1.46 1.50 11.11
Id 1.50 1.53 10.52
IIa 2.80 4.55 8.33
Ib 1.77 3.45 8.33
Ilc 2.83 4.66 6.25
1Id 2.00 3.72 7.14
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Influence of HPMC concentration on the
crystallinity of the blends

The concentration of HPMC in the blends was
varied to obtain differently interconnected
polymeric blends: HPMC/PAA 1:1 (Ia); 2:1 (Ib);
3:1 (Ic); 4:1 (Id) and HPMC/SA 1:30 (IIa); 2:30
(IIb); 3:30 (IIc) and 4:30 (IId). The deconvoluted
IR spectra of HPMC/PAA in the 1500-1200 cm™
spectral range (Fig. 1) revealed different positions
and shapes of the peaks assigned to the CH,
scissoring vibrations at 1410 cm™, which is useful
in the identification of the type of crystalline
cellulose. One can observe a blueshift of this band
by 6-10 cm™” in the blends. At the lowest
concentration (HPMC/PAA 1:1), two
contributions of the CH, scissoring vibrations can
be observed at 1400 cm™ and at 1412 cm™, while
at higher concentrations of HPMC, the
appearance of the band at 1316 cm™ assigned to
the O-H bending vibrations can be observed. The
calculated TCI and HBI for HPMC/PAA and
HPMC/SA blends decreased, suggesting a

perturbation in the crystallinity degree of HPMC,
caused by the different intra- and intermolecular
the

H-bond formation, also supported by
increased values of LOI (the overall order).
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The deconvoluted IR spectra of the HPMC/SA
blends in the 1500-1200 cm™ region also revealed
the appearance of the band at 1424 cm™ redshifted
by 4-30 cm™ at higher concentrations of HPMC,
assigned to CH, scissoring vibrations, suggesting
the presence of the ordered crystalline phase in
the blend, also supported by the appearance of the
band at 1318 cm’, characteristic of the O-H
bending vibrations in the IR spectrum of the Ilc
blend with the highest LOI values (Fig. 2).*

Influence of temperature on the crystallinity of
the HPMC-based polymeric blends

The IR spectra of the HPMC/PAA and
HPMC/SA blends during the heating and cooling
processes in the 25-55 °C temperature range also
evidenced the crystallinity changes. The
temperature strongly affects the HPMC/PAA
blends due to the higher network flexibility
induced by the presence of the PAA component.
One can observe an increased intensity of the
main bands associated with the crystallinity of
blends (Fig. 3).

The deconvolution of the same spectral region
allowed identifying the position of the main peaks
associated with the crystallinity degree (Figs. 4
and 5).
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Figure 1: Deconvoluted IR spectra of HPMC/PAA blends in the 1500-1200 cm™ spectral range
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Figure 2: Deconvoluted IR spectra of HPMC/SA blends in the 1500-1200 cm™ spectral range
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Figure 3: IR spectra of HPMC/PA A-Ia and HPMC/SA-Ila blends during heating and cooling processes
from 25 to 55 °C

Thus, heating the blends at 37 °C resulted in a
decrease of the values attributed to LOI and HBI
and a slight decrease of the TCI values (Table 1).
This is supported by the evolution of the
calculated area assigned to the bands at 1374 cm’
' 1416 cm™ and 1337 cm™ (Fig. 6). The overall
ordered degree in the HPMC blends at higher
temperature is disturbed by the H-bond
dissociation as temperature increases, the highest

decrease being observed for the Ia blend with a
lower HPMC concentration. By heating the
blends at 47 °C and 55 °C, a slight increase of the
TCI values at higher concentration of HPMC
concentration in blends was observed, while the
LOI and HBI values are lower than those
calculated at 37 °C, suggesting a strong
dissociation of the intermolecular H-bonds
between the polymeric blend components. The
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corresponding calculated areas characteristic of
the crystallinity indexes also revealed higher
values for the band at 1416 cm™ and 1337 cm™,
directly associated with the lower values of LOI
and HBI, and relatively constant area for the band
at 1374 cm’, characteristic of TCI (Fig. 6).

During the cooling processes, a reversible
phenomenon can be observed, as evidenced by
the close values of the crystallinity indexes and
supported by the reversible and dynamic character
of the H-bonds, even if the HBI values are lower.
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Figure 5: Deconvolution of IR spectra of HPMC/SA 1:30 (Ila) in the 1500-1200 cm™ spectral range
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Figure 6: Comparative calculated areas of the bands associated with the crystallinity indexes obtained during heating
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CONCLUSION

ATR-FTIR spectroscopy has been
demonstrated as a useful tool for practically
assessing  the  crystallinity  degree  of
hydroxypropyl methyl cellulose in polymeric
blends comprising polyacrylic acid and sodium
alginate. The identification of the crystalline and
amorphous cellulose absorptions in the IR spectra
allowed the calculation of TCI, LOI and HBI
indexes of the blends as a function of their
composition, HPMC concentration and
temperature. The crystallinity degree proved to be
sensitive to the concentration of HPMC and to
heating/cooling processes. The analysis of the
crystallinity of HPMC-based polymeric blends
offers a new qualitative and quantitative method
to evaluate the influence of different factors on
their composition.
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