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ABSTRACT: In the present investigation, attempt was
made to prepare blend hydrogel by esterification of polyvi-
nyl alcohol with gelatin. The blend hydrogel was further
converted into films by the conventional solution-casting
method. These films were characterized by FTIR, DSC, and
X-ray diffraction studies. The refractive index and viscosity
of different composition of the blends were measured in
the solution phase of the material. The mechanical proper-
ties of the blend films were measured by tensile test. Swel-
ling behavior of the blend hydrogel was also studied. The
FTIR spectrum of the blend film indicated complete esteri-
fication of the free carboxylic group of gelatin. The DSC
results indicate that the addition of gelatin with PVA
changes the thermal behavior like melting temperature of
PVA, which may be due to the miscibility of PVA with

gelatin. The interaction of gelatin with PVA molecule
changes the crystallite parameters and the degree of crys-
tallinity. The crystallinity of the blend film was mainly due
to gelatin. The comparison of viscosity indicated an
increase in the segment density within the molecular coil.
The results revealed the changes observed in the proper-
ties of the gel, and it enhances the gel formation at visco-
elastic phase of the material. The blend film had sufficient
strength and water-holding capacity. The results obtained
indicated that the blend film could be used for various bio-
medical applications such as wound dressing and drug-
delivery systems. © 2008 Wiley Periodicals, Inc. ] Appl Polym
Sci 109: 3431-3437, 2008
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INTRODUCTION

Hydrogels belongs to a class of one of the most sig-
nificant polymeric materials being used for various
biomedical and pharmaceutical applications." Hydro-
gels are indeed very versatile materials and have
found widespread application in various technologi-
cal areas such as artificial implantation,® swelling
controlled drug delivery system,’ artificial skin de-
velopment,* wound dressing,” and humidity sen-
sors.® Among various synthetic hydrophilic poly-
mers used in the preparation of hydrogels, PVA has
a prime position in biomaterials science because of
its inherent nontoxicity, noncarcinogenicity, good
biocompatibility, and desirable physical properties
such as rubbery or elastic nature and a high degree
of swelling in aqueous solutions. PVA hydrogels
have gained wide biomedical applications in articu-
lar cartilage replacement’ as a pharmaceutical
release agen’c,8 reconstructive (vocal cord) surgery,9
and drug-delivery systems.’

PVA is a linear polymer, and it can easily be
crosslinked by irradiation'' or bifunctional group
containing chemical agents such as glutaraldehyde,"?
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boric acid,13 and hexamethylene disocyana’ce.14 Al-
though PVA can be crosslinked using glutaralde-
hyde, great care must be taken when choosing a
crosslinking agent, because it can evoke an immune
response within the body. Fortunately, PVA has
unique properties that allow it to be crosslinked
without the use of a chemical agent. However, tradi-
tional methods of crosslinking suffer from several
disadvantages, such as lack of precise control over
crosslinking, toxic effect of the crosslinker, and loss
in bioactivity of entrapped agent. Hydrogel based on
blends of PVA with biological macromolecules are
known as bioartificial polymeric materials and have
been extensively evaluated as potential matrices for
the release of human 5growth hormone and other
macromolecular drugs.'

Gelatin widely found in nature and is the major
constituent of skin, bones, and connective tissue can
easily be obtained by a controlled hydrolysis of the
fibrous insoluble protein, Collagen.16 The denatured
type of collagen, gelatin, has been used in medicine
as a plasma expander wound dressing, adhesive,
and absorbent pads for surgical use.'” Recently, gela-
tin has been demonstrated to exhibit activation of
microphage'®'® and high-hemostatic effect.® Conse-
quently, it has been used in a wide variety of wound
dressings®** and as a biomaterial in tissue engineer-
ing. The presence of higher levels of pyrrolidines in
gelatin results in the formation of stronger gels.”
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The strength of the gelatin film is due to the pres-
ence of triple helixes. The greater the triple helix
content, the higher the strength of the film and lower
swelling property in water.”* Considering the film-
forming property, a PVA/gelatin blend film was
thought to be a good candidate for artificial skin.

Thus, the selection of gelatin as another compo-
nent for preparation of the blend hydrogel rest up
on two reasons. First, gelatin is a connective tissue
protein, well known for its non toxic, nonirritant and
biodegradability properties, and good living body
compatibility and therefore has been widely used in
food, pharmacology, and cosmetic applications.”
Second, the formation of specific intermolecular
interaction through hydrogen bond of two or more
polymers is responsible for the observed mixing
behavior and properties of the blends.”® The selec-
tion of gelatin is also justified with this point of
view. Hence, in this study, attempts were made to
develop blend hydrogel film by esterifying the
hydroxyl group of PVA with the carboxyl group of
gelatin. The experiments were designed to measure
the effect of various compositions of PVA/gelatin
blends on viscosity, refractive index, and effect of
crystallization over gel formation. Attempts were
also made to characterize the blend films by various
analytical techniques such as FTIR, X-ray diffraction
(XRD), differential scanning calorimetry (DSC), ten-
sile strength, and swelling studies.

EXPERIMENTAL
Materials

PVA powder used in this work was obtained from
S.D. Fine Chemicals, Mumbai, India. The molecular
weight of PVA is 125,000 g/mol, and its degree of
saponification is 86-89%. Gelatin used in this work
was purchased from Rankem Ranbaxy Fine Chemi-
cals, Mumbeai, India, and used without further purifi-
cation. Hydrochloric acid (HCL) was obtained from
Merck, Mumbai, India. Double-distilled water was
used throughout the study.

Gel and film preparation

The preparation of the hydrogel has been described
elsewhere.”” PVA powder with different composi-
tions (w/w) of gelatin was dissolved in 25 mL dis-
tilled water. Concentrated HCL (0.05mL) was added,
and the resulting dispersion was stirred (using an
overhead stirrer at 100 = 5 rpm) at 60°C for half an
hour to carry out esterification reaction between
PVA and gelatin. The thick dispersion so obtained
was converted into films by conventional solution-
casting method. The blend films of thickness (40—
50 um) were washed thoroughly with distilled water
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to remove HCL and kept in vacuum desiccators so
as to use them for further study.

Characterization

The FTIR spectroscopy of PVA/gelatin blend hydro-
gel films was performed by ATR-FTIR Spectropho-
tometer (Paragon 500 Model, PerkinElmer, Beacons-
field, Buckinghamshire, UK) in the wave number
range 400-4000 cm ™' with resolution of 4 cm™'. The
FTIR spectrum was taken in a transmittance mode.

The thermal analysis was performed using a
(PerkinElmer DSC-7, Norwalk, CT) differential scan-
ning calorimeter operating on UNIX platform at a
heating rate of 10°C/min under nitrogen flow of
0.5 kg/cm? in a temperature range of 50-350°C. The
weight of the sample was 8.50 mg.

The X-ray diffraction of the films were recorded
using a Bruker D8 advance X-ray diffraction meter
(Rigaku, Japan, Tokyo) with “Ni-filtered” Cu Ka radi-
ation of wavelength L = 1.54060 A with a graphite
monochromator. The scan was taken in the 20 range,
5-60° with a scanning speed and step size of 1°/mm
and 0.01°, respectively. The percentage crystallinity
was measured by formula given elsewhere.”

The refractive index was measured using Abbe’s
Refractometer (Milton Roy Company, USA) for dif-
ferent compositions of PVA/gelatin blend solutions.

The viscosities of the solution were measured
using capillary Oswald viscometer and Ubbelohde
viscometer. The latter has the advantage that the
measurement is independent of the amount of solu-
tion in the viscometer measurements, and series of
concentration can easily be made by successive dilu-
tions. These measurements were carried out at room
temperature of 30°C.

The tensile strength and % elongation of PVA/gel-
atin blend films of thickness (40-50 um) were tested
on a LLOYD made LR10K Universal Tensile
Machine (UTM). Thin film of length 4 cm and width
1 cm (ASTM D 638) was gripped between the two
jaws of the tensile machine. The cross head speed
was kept at 5 mm/min. The average value was
determined from the set of minimum 10 repeats.

Swelling behavior

The film was immersed directly in buffers of pH 1.4
and 54 (prepared as per Indian Pharmacopoeia
1996, Ministry of Health and Social Welfare, New
Delhi, India) at room temperature for 72 h; after that
the swollen product was dried at 30°C under
vacuum to a constant weight. The equilibrium per-
centage swelling of the product was calculated as
follows:

% Swelling = [(W, — W,)/W,] X 100 1)
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Figure 1 FTIR spectroscopy of PVA, gelatin, and PVA/
gelatin blend hydrogel film. (a) 100/0, (b) 0/100, (c) 98/02,
(d) 95/05, (e) 93/07, and (f) 85/15.

where W, is the weight of the product after
hydration for 48 h, and W is the weight of the dried
product.

RESULTS AND DISCUSSION
FTIR spectroscopy

FTIR is of importance in the study of the molecular
structure. The width and intensity of the spectrum
bands, as well as the position of the peaks, are all
sensitive to environment changes and to the confor-
mation of macromolecules on the molecular level.
Intermolecular interaction occurs when different
polymers are compatible, so that the FTIR spectrum
of the blend is different from those of pure poly-
mers, which is advantageous to the study of the
extent of polymer compatibility. The FTIR spectrum
of PVA/gelatin blend hydrogel film is shown in Fig-
ure 1. The FTIR spectra of PVA show a broad peak

! indicating stretching of hydroxyl

around 3425 cm™

groups and peaks at 2923 cm ™' and 2850 cm ™' cor-
responds to C—H stretching. The C—C and C—O
stretching vibration was observed at 1144 cm ™. The
band for C—O stretching and O—H bending was
observed at 1096 cm™'. The corresponding bending
and wagging of CH, vibrations and C—H wagging
are at 1438 cm ™' and 1378 cm ™', respectively.”*
The FTIR spectrum of gelatin show that the region
of 3000-3600 cm ™! and 11001700 cm ™' contain the
most potentially useful information bearing on the
structure of gelatin. The band identified as N—H
stretching vibrations are considered to be hydrogen
bonded.” The existence of two or more frequencies
for the same band might be interpreted as indicating
two different types of hydrogen bond. The frequency
N—H band was observed at 3360 cm™ ' that is a
characteristic of the collagen fold.** The spectrum of
gelatin also show the peaks at 3450 cm™' and
3423 cm ! due to N—H stretching of secondary am-
ide, C=0 stretching at 1680 cm ' and 1640 cm™'
N—H bending between 1550 cm ™' and 1500 cm™’,
N—H out of plane wagging at 670 cm™ ' and C—H
stretching at 2922 cm™' and 2850 cm™'. The FTIR
spectrum of the blend film shows a peak at
3398 cm™' indicating the presence of a hydroxyl
group with polymeric association and a secondary
amide. The peaks at 1088 cm ' and 1277 cm ™' indi-
cated the C—O stretching of secondary alcoholic
groups and ester. The spectra of the blend hydrogel
film also show a peak at 1635 cm™ ' indicating the
presence of a secondary amide group. The peak of
the gelatin at 1680 cm ' shifted to a higher wave
number indicating the formation of an esterified
product (after esterification bond length is shortened,
resulting in the shift of the peak to a higher wave
number). Therefore, it can be concluded that all the
free carboxylic groups of gelatin have been esterified.

Thermal analysis

The thermal characterization of prepared hydrogel
was investigated by recording of DSC thermograms
of PVA, gelatin, and blend hydrogel. Figure 2 shows
the behavior of glass transition temperature (T,)
with gelatin content for various compositions of
PVA/gelatin blend hydrogel. The glass transition
temperature for PVA was observed at 92°C. In case
of gelatin, the glass transition temperature (T)
reported has been explained by the block copolymer
model for amino acid content of gelatin.>® The glass
transition temperature of gelatin occurs at 60°C and
is associated with the glass transition of o amino
acid blocks in the peptide chain. The glass transition
temperature of the blend hydrogel was found to
be decreased as the wt % of gelatin was increased.
Figure 3 shows the melting thermograms for PVA,
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Figure 2 The dependence of glass transition temperature
on gelatin content for the blend hydrogel.

gelatin, and blend hydrogel. In case of PVA, a sharp
melting endotherm at 229°C was observed. The ther-
mogram of pure gelatin shows an endothermic peak
at 220°C, which marks the transition from the glass
to rubber state (Tg).a"l"36 It is also clear from the ther-
mograms in Figure 3(b—d) that a melting endotherm
of the blend hydrogel appears in the region 223-
227°C, and this may be assigned to the melting of
PVA crystals. The observed value is slightly lower
than the melting temperature of pure PVA (229°C),
and this may be explained by the fact that the pres-
ence of gelatin acts as an impurity and lowers the
melting point of PVA.*” The melting temperatures at
high gelatin content were dependent on the gelation
of gelatin. The depression of melting temperatures
that can be considered to be due to the miscibility of
PVA and gelatin molecules.

X-ray diffraction studies

Figure 4 presents the X-ray diffraction pattern of
PVA, gelatin, and their blend hydrogel films.
It shows a relatively sharp and broad peak at 26
= 19.56° (d = 4.5347 A) indicating the semicrystal-
line nature of PVA, which contains crystalline and
amorphous regions. Two typical peaks on 26 = 7.6°
(d = 5.6881 A) and 18° (d = 2.4344 A) were observed
for gelatin.®® In case of blend hydrogel film, various
sharp peaks were observed. The diffraction inten-
sities of gelatin at 7.6° decreased drastically in
the blend. The unchanged nature of a peak at 20
= 18.96° for 2 wt % of gelatin indicates that the crys-
tallinity is nearly the same as that of pure PVA. Ta-
ble I shows 26 values, d-spacing, and crystallinity
percentages obtained by X-ray diffraction. From
these data, one can notice that at small angles the
first-order diffraction shifts to lower angles in com-
parison to pure PVA. It is obvious that the percent-
age crystallinity of the blend hydrogel film was

Journal of Applied Polymer Science DOI 10.1002/app

PAWDE AND DESHMUKH

found to decrease as the gelatin content is
increased,” which can explain that intermolecular
interaction destroyed the regularity of gelatin. From
this, we can infer that the crystallinity of the blend
film is mainly due to the gelatin rather than PVA.
Therefore, it can be concluded that the good misci-
bility existed between PVA and gelatin molecules
due to the strong interaction from the intermolecular
hydrogen bonds.

Refractive index

The refractive index (RI) of a material is the factor
by which electromagnetic radiation is slowed down
(relative to vaccum) when it travels inside the mate-
rial. Refractive index is a suitable state parameter
being directly correlated to the material density. The
refractive index values in polymers are around 1.3—
1.6 almost comparable to silica glass. Refractive
index measurements are very effective for the evalu-
ation of extent of reaction in polymer solutions. Fig-
ure 5 shows the variation of refractive index with
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Figure 3 Melting thermograms of PVA, gelatin, and
PVA/gelatin blend hydrogel. (a) 100/0, (b) 95/05, (c) 90/
10, (d) 85/15, and (e) 0/100.
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Figure 4 X-ray diffraction patterns of PVA, gelatin, and
PVA /gelatin blend hydrogel films. (a) 100/0, (b) 98/02, (c)
95/05, (d) 90/10, (e) 85/15, and (f) 0/100.

gelatin content for different compositions of PVA/
gelatin blend solutions. It was observed that the re-
fractive index of PVA/gelatin blend decreases with
increase in the gelatin content. The refractive index
measurement can have correlation with the electrical
properties of the gel. Hence, there was a need to
measure the refractive index for the different % wt
of the crosslinking agent. Also by fusing polymers
having proper refractive index bifocal contact lens
can be constructed.

Viscosity measurements

Because of the simplicity and accuracy of its mea-
surements, viscosity has been regarded as a valuable
characteristic of polymer solution since the very be-
ginning of polymer science. The viscosity of polymer
solutions is an involved function of many interacting
variables, such as molar mass, structure and confor-
mation of polymer molecules, polymer concentra-
tion, polymer solvent interaction, solvent viscosity,
and shear rate. In this study, the blend solutions of

TABLE I
X-ray Diffraction Results for Pure PVA, Gelatin, and
PVA/Gelatin Blend Hydrogel Films

PVA/gelatin
blends with
different d= (nh/ Y%
compositions (w/w) 20 values 2sin 8) A  Crystallinity
100/0 19.56 4.5347 75.12
98/02 18.96 4.9406 73.34
95/05 17.21 5.1680 68.72
93/07 16.72 5.2966 63.39
90/10 16.33 5.4209 59.36
39.48 2.2810
85/15 16.25 5.4488 56.42
0/100 7.6 5.6881 62.56
18 2.4344

PVA /gelatin were prepared in distilled water (Effux
Time for Distilled Water is t, = 23),* and different
parameters of viscosity were measured. Table II
shows the name, symbols, and defining equations of
different viscosity parameters. The variation of dif-
ferent type of viscosities with gelatin content was
shown in Figure 6, and it was observed that the vis-
cosity decreases with increase in gelatin content.
This indicate that some interaction has taken place
among the two polymers, which results in an
increase in segment density within the molecules,
which, in turn, results in a smaller hydrodynamic
volume and a lower intrinsic viscosity.*’

Mechanical properties of blend films

Because polymer materials such as films may be
subjected to various kinds of stress during being
used. The study of the mechanical properties is of
primary importance for determining the perform-
ance of the materials. The tensile strength and %
elongation at break of pure and blend hydrogel films
were plotted as a function of the gelatin content are
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Figure 5 The dependence of refractive index on gelatin
content for the blend solution.
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TABLE II
Name, Symbols, and Defining Equations of Different
Kind of Viscosities

Common Recommended Symbols and
name name defining equations

Relative Viscosity n=m/Mmo = t/ty
viscosity ratio

SpeCiﬁC - Nsp = MNr — 1= (T] - T]O)/
viscosity Mo = (t — to)/to

Reduced Viscosity Nred = Msp/C
viscosity number

shown in Figures 7 and 8, respectively. The tensile
strength of PVA film was found to be 22.31 = 1.51
(MPa), while the strength of the gelatin film was
found to be 17.51 * 0.52 (MPa). The strength of the
blend film was found to be 37.63 = 1.51 (MPa) with
increase in the gelatin content up to 15 wt %. The re-
markable increase in the tensile strength of the blend
films indicated the presence of intermolecular inter-
action between PVA and gelatin molecules. The %
elongation at break of PVA film was found to be
10.96 while that of gelatin film was found to be 7.86.
The % elongation at break of the blend film was
found to increase with increase in the gelatin con-
tent. The strength of the film is due to the presence
of triple helix, presented in the gelatin. The greater
the triple helixes content higher the strength of the
film. So, these films could be used for wound cover-
ing, as it can withstand some frictional stresses dur-
ing day to day activities. The films are stitched
around the wound surface so as to cover the wound.
If there are any frictional stresses, the film absorbs
the energy without breaking and thus protects the
wound.*!

Swelling behavior

Generally, the chemical structure and aggregate
structure can both affect the water absorbability of

16 7

14 1 —~—Relative Viscosity
-= Specific Viscosity

12 4 -+ Reduced Viscosity

Viscosity (poise)
o

0 T T T T T T T 1

0 2 4 6 8 10 12 14 16
wt % of gelatin

Figure 6 The dependence of viscosities on gelatin content
for the blend solution.
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Figure 7 The dependence of tensile strength on gelatin
content for the blend hydrogel film.

polymers. Taking the chemical structure in to
account, PVA/gelatin blend hydrogel can increase
the water absorbability because of the hydrophilic
nature of PVA and gelatin. Figure 9 shows the varia-
tion of % swelling for blend hydrogels. The results
shows that the % swelling decreased with increase
in the gelatin content until 2 wt %, then increases
gradually up to 5 wt %, then again decreases with
increase in the gelatin content until 10 wt % and
suddenly increases up to 15 wt % of gelatin. As
expected, the addition of gelatin to PVA resulted in
higher water uptake. This result seems to explain the
behavior of improving the elongation at break of the
blend material as resulting from the plasticizing
effect of water absorbed in the films. The water
retention capacity of the blend hydrogel was around
250-260% of the dried weight, so that it can be con-
sidered as super absorbent. From the FTIR results
for PVA/gelatin blend hydrogel film, it was clear
that the whole carboxylic group of the gelatin has
been esterified but the free amino groups are pres-
ent. From this fact, it can be hypothesized that these

20 4

% elongation at break
= n
1 1

wn
1

0 T T T T T T T |
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Figure 8 The dependence of % elongation at break on
gelatin content for the blend hydrogel film.
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Figure 9 The dependence of % swelling on gelatin con-
tent for the blend hydrogel.

free amino groups play an important role in water
uptake because of their hydrophilic nature.

CONCLUSION

The PVA/gelatin blend hydrogel films were pre-
pared by esterification of the hydroxyl group of PVA
with the carboxylic group of gelatin and character-
ized by various analytical techniques. The FTIR anal-
ysis indicated that the whole carboxylic group of the
gelatin has been esterified but the free amino groups
are present. The DSC results show depression in the
glass transition temperature and melting tempera-
ture of PVA, which can be considered to be due to
the miscibility of PVA and gelatin molecule. The
XRD results indicate that due to interaction of gela-
tin with PVA chains, the structural repositioning
take place, which leads to decrease in the crystallin-
ity with increase in gelatin content. The refractive
index of PVA/gelatin blend solution decreases with
increase in gelatin content. The viscosity of PVA/
gelatin blends also decreased with increase in the
gelatin content. The tensile strength of the films
revealed that the films can be used as wound cover-
ing as it can withstand some frictional stresses dur-
ing day-to-day activities. Therefore, this crosslinked
gel could be used as synthetic cartilage in synovial
joints. The gel obtained was found to be super ab-
sorbent, hence it could be of use for various medical
applications, such as drug-delivery system and moist
wound dressings.
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