Grafting of Glycidyl Methacrylate onto Gelatin

M. SIVAKUMAR,' P. RAJALINGAM GANGA RADHAKRISHNAN,*' and H. KOTHANDARAMAN?

Polymer Division, Central Leather Research Institute, Madras 600 020, India, and
2Department of Polymer Science, Guindy Campus, Madras 600 025, India

SYNOPSIS

Gelatin was graft copolymerized with poly (glycidyl methacrylate) using potassium per-
oxydisulfate in aqueous medium. Effect of temperature, time, initiator, monomer, and
backbone concentrations were studied. The percent grafting was found to increase initially
and then decrease in all the cases except with variation of monomer concentration. The
rate of grafting, grafting efficiency, and percent of grafting were calculated. The grafting
results have been discussed in the light of the rate of grafting. Mechanical properties, FT
IR spectra, percent swelling, and percent dye uptake were carried out on the graft copoly-

merization and the results discussed.

INTRODUCTION

Gelatin is one of the most versatile natural products
known. The number and the variety of reactive
groups along the chain open up the field to a
very long list of potential reagents. Addition of
monomers*™ to gelatin was found to be similar to
vinyl polymerization to give an extended carbon
chain attached to the side group of the gelatin mol-
ecules. The length of the side chain polymer graft
formed is dependent on the reaction conditions.

Grafting of gelatin by various polymers has been
studied with the objective of improving or modifying
the properties of gelatin and in order to develop new
materials combining the desirable properties of both
natural and synthetic polymers.*® Gelatin both in
native and modified form has been used for various
applications.®® Proteins like gelatin, '*!! casein, '?'*
collagen,** wool,*® silk,® and other polymers such
as starch'™'® or cellulose!® are modified by grafting
various polymers onto them.

Peroxydisulfate was found to be the most efficient
initiator. Hydrophobic interactions in the binding
of the Rosebengal dye onto the poly(vinyl pyrroli-
done) has been reported.”” We have chosen amphi-
pathic substrate like Rosebengal with ionic and hy-
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drophilic groups. The dye has electrostatic binding
sites and hydrophilicity. Stejskal et al.?! character-
ized, at the molecular level, gelatin grafted by
PMMA by light scattering.

EXPERIMENTAL

Materials

Gelatin M,, = 60,000 ( Sigma Chemical Co.) and po-
tassium peroxydisulphate { Merck, Germany ) were
used as such without further purification. Monomer,
glycidyl methacrylate (GMA) (Fluka AG) was pu-
rified by distillation under vacuum. The middle
fraction was used in the experiment.

Grafting Procedure

A known amount of gelatin was dispersed in water
at constant stirring under nitrogen atmosphere and
maintained at the required temperature. After suf-
ficient time glycidyl methacrylate was added fol-
lowed by the initiator, potassium peroxydisulfate.
After the completion of the reaction, the contents
were poured in methanol and the precipitated prod-
ucts were filtered and dried.

The dried products were soxhlet extracted for re-
moval of unbound homopolymer using acetone as
solvent and dried in vacuum to constant weight. It
was, however, observed that the poly (GMA) pre-
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pared under similar conditions was only partially
soluble in acetone probably indicating the cross-
linking through epoxide group.

CHARACTERIZATION

Mechanical Studies

Mechanical studies of the gelatin-grafted films were
measured using Instron Universal Testing Machine
(Model 1112).

Dye Uptake Studies

The dye uptake studies of gelatin-grafted products
were carried out with Shimadzu, UV-260 spectro-
photometer.

weight of graft copolymer — weight of gelatin

Swelling Studies
Swelling studies of the grafted products were done

in water.

FT IR Spectra
Pure gelatin and grafted gelatin films were charac-
terized by FT IR analysis for the proof of grafting

using the NICOLET 20-DXB FTIR spectropho-
tometer.

CALCULATIONS

The percent grafting (PG), graft efficiency (GE),
and rate of grafting { R,) were calculated as follows:

X 100

1. Percent grafting (PG) =

weight of grafted polymers

weight of gelatin

X 100

2. Grafting efficiency (GE} =

weight of grafted polymers + weight of unbound homopolymer

3. Rate of grafting (R,) = R, — Rj, where R, is the total rate of polymerization and R is the rate of

homopolymerization.

Tensile strength and percent of elongation, percent of dye uptake, and percent swelling were calculated

as follows:

breaking load (K,)
cross section area (cm?)

4. Tensile strength =

length in chart (cm)

100

5 P 1 tion =
ercent elongation original length (cm)

magnification ratio

where magnification ratio = chart speed (¢m/min)/cross head speed (cm/min)

OD(I) — OD(II)
OD(I)

6. Percent of dye uptake =

X 100

where OD(I) is the optical density of the dye solution and OD (II) is the optical density after immersing

the grafted polymer in the dye solution.

swollen sample weight — initial weight

X 100

7. Percent swelling = initial weight



RESULTS AND DISCUSSION

The influence of concentration of backbone, mono-
mer initiator, and the effect of temperature and time
on the graft copolymerization of glycidyl methac-
rylate onto gelatin were investigated and the results
are discussed.

Effect of Backbone Concentration

The dependence of the grafting on the concentration
of gelatin was studied in the range of 6.6-11 X 10~*
mol/L and the results are depicted in Table I. Per-
cent grafting and grafting efficiency increased ini-
tially with Increase in gelatin concentrations,
reached a maximum value, and finally decreased
with further increase in gelatin concentration. These
results are also obtained in the grafting of acrylo-
nitrile onto starch,?® and grafting of acrylonitrile
onto gelatin.'® The initial increase may be due to
the fact that the reactive sites increased with in-
crease in the concentration of gelatin. The decrease
is due to the destruction of radical activity on the
backbone because of the increase in the viscosity.

Fffect of Monomer Concentration

There is regular increase in percent grafting, grafting
efficiency, and rate of grafting with increase in
monomer concentration ( Table I1). Increase in rate
of grafting observed upon increasing the monomer
concentration is probably due to the gel effect that
arises when polymerizing medium becomes highly
viscous. This increase in viscosity was found to have
reduced termination rate of the growing chains, due
to their slower diffusion, which in turn leads to
higher rates of grafting and grafting efficiency.

Table I Effect of Gelatin Concentration
on Grafting®
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Table II Effeect of GMA Concentration
on Grafting®

[GMA] R, X 10° Grafting Percent

X 10 mol/L mol/L s7? Efficiency Grafting
4.1 26.78 90.59 334
54 38.24 91.00 42.4
6.80 53.44 92.50 58.8
8.2 78.64 91.18 86.8
9.6 111.65 97.44 131.2

* [KPS] = 1.83 X 1073 mol/L; [Gelatin] = 8.3 X 107* mol/L;
total volume = 100 mL; temperature = 50°C; time = 120 min.

Effect of Initiator Concentration

In the present investigation concentration was var-
ied from 1.85 X 1072 to 3.33 X 107 mol/L. It is
observed that percent grafting, grafting efficiency,
and rate of grafting increase up to a critical initiator
concentration of 2.96 X 102 mol/L and then de-
creased ( Table III) as in the case of potassium per-
oxydisulfate initiated grafting of poly(MMA) onto
to poly (vinyl alcohol).?® This is because higher ini-
tiator concentrations yield a greater number of pri-
mary radicals, gelatin radicals, and growing macro
radicals of side chains, which may interact with each
other resulting in termination, thus reducing graft-
ing efficiency and percent grafting.

Effect of Temperature

An optimum temperature required for maximum
grafting, as in (Table IV), was 50°C. Percent graft-
ing increased up to 60°C, after which the values de-
creased because of coagulation of polymer at high

Table III Effect of Peroxydisulphate
Concentration on Grafting®

[Gelatin] R, X 10° Grafting Percent [KPS] R, X 10° Grafting Percent

X 10* mol/L mol/L s7? Efficiency Grafting X 10° mol/L mol/L s7! Efficiency Grafting
6.60 31.15 86.90 43.0 1.85 55.44 92.65 58.8
8.33 53.44 92.50 58.8 2.59 76.64 97.27 84.0
10.00 121.84 92.61 95.0 2.96 94.22 96.60 103.2
11.00 54.57 92.53 47.0 3.33 90.73 93.90 99.3

*[KPS] = 1.83 X 107° mol/L; [GMA] = 6.8 X 107 mol/L;
total volume = 100 mL; temperature = 50°C; time = 120 min.

2 [GMA] = 6.8 X 107! mol/L; [Gelatin] = 8.3 X 10™* mol/L;
total volume = 100 mL; temperature = 50°C; time = 120 min.
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Table IV Effect of Temperature on Grafting®

Temperature (°C) Percent Grafting

50 58.8
60 141.0
70 115.0
80 112.0

* [GMA] = 6.8 X 107! mol/L; [Gelatin] = 8.3 X 107 mol/L;
[KPS] = 1.83 X 107 mol/L; total volume = 100 mL; time = 120
min.

temperature, decomposition of peroxydisulfate lib-
erating oxygen, and degradation of gelatin at higher
temperatures. Similar optimum temperature has
been reported for maximum grafting required in the
copolymerization onto gelatin.?*

Effect of Time

The grafting of GMA onto gelatin was studied as a
function of time, and the results are given in Table
V. With the increase in the grafting reaction time,
percent grafting increased up to 240 min and then

decreased with further increase in time because of
degradation of gelatin.

CHARACTERIZATION STUDIES

Mechanical Properties

In the present investigation the physical properties
were determined for modified gelatin, namely, (i)

Table V Effect of Time on Grafting®

Time (min) Percent (Grafting)

120 58.8
180 64.0
240 128.0
300 72.6
420 66.0

* [GMA] = 6.8 X 107! mol/L; [Gelatin] = 8.3 X 107* mol/L;
[KPS] = 1.83 X 1073 mol/L; total volume = 100 mL; temperature
= 50°C.

Table VI Effect of [GMA] Variation on Percent
Grafting versus Tensile Strength and
Percent Elongation

Tensile
[GMA] Percent Strength Percent
X 10 mol/L Grafting (kg/cm?) Elongation
4.1 33.4 139.0 106.05
5.4 42.4 150.1 34.09
8.2 86.8 165.0 20.64
9.6 131.2 1754 15.15

* [KPS] = 1.83 X 1072 mol/L; [Gelatin] = 8.3 X 107* mol/L;
total volume = 100 mL,; temperature = 50°C; time = 120 min.

the tensile strength and (ii) percent elongation. The
tensile strength and percent elongation in the graft
copolymer films vary with percent of grafting. It may
be seen that an increased percent of grafting in-
creases the tensile strength and decreases the per-
cent elongation (Table VI), which may be due to
rigidity offered by the inter and intramolecular
crosslinking of gelatin with the epoxy groups of the
graft.

Dye Uptake Studies

A spectrophotometric method was used for the
quantitative determination of binding of Rosebengal
dye to the gelatin-g-poly (GMA) system. Percent of
dye binding increases with percent of grafting (Table
VII); Rosenbengal has a characteristic n — #*
transition with A,,,, 546 nm. Figure 1 shows a linear
plot of dye uptake versus percent grafting.

Table VII Effect of Percent Grafting [KPS]
Variation on Percent Dye Uptake and
Percent Swelling

[KPS] Percent Percent Percent

X 10° mol/L Grafting Dye Uptake Swelling
1.85 58.8 32.50 309.68
2.59 84.0 52.20 153.33
2.96 103.2 80.50 64.76
3.33 99.3 76.20 75.60

* [GMA] = 6.8 X 107 mol/L; [Gelatin] = 8.3 X 10™* mol/L;
total volume = 100 mL; temperature = 50°C; time = 120 min.
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Figure 1 Plot of percent dye uptake vs. percent grafting
at different persulfate concentrations.
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Swelling Studies

The present investigation produced system of dif-
ferent hydrophilicity based on gelatin-g-poly-
(GMA). The increased percent grafting decreased
the percent swelling because of the increase in hy-
drophobicity. In the case of peroxy-disulfate con-
centration (Table VII) percent grafting increased
with percent swelling decrease.

FT IR Spectra Analysis

FT IR spectrophotometer has been found to be a
valuable tool in studying graft copolymerization re-
actions. The spectra showed the characteristic of
amide absorption at 1650 and 1750 cm™*. The FT
IR spectra of grafted and ungrafted polymers are
given in Figure 2. The grafted product does not show
any characteristic peak corresponding to epoxy
group indicating the crosslinking through the epoxy
group.

Absorbance

{

4000 3200 2400

1600 800

Wave number (cm‘l)

Figure 2 (A) FTIR of pure gelatin. (B) FTIR of gelatin-g-poly (GMA).
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