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EFFECT OF DEGREE OF SUBSTITUTION ON GRAFTING
OF ACRYLONITRILE ONTO SODIUM SALT OF PARTIALLY
CARBOXYMETHYLATED AMYLOSE

B.K. Patel, C.P. Patel and H.C. Trivedi‘
Department of Chemistry
Sardar Patel University

Vallabh Vidyanagar - 388 120
Gujarat State - India

ABSTRACT

In order ta study the effect of degree of
substitution, the grafting of acrylonitrile (AN) onto sodium
salt of partially carboxymethylated amylose (Na—-PCMA)
samples of varying deqrees of substitution has been carried
out using ceric ammonium nitrate (CAN) as an initiator. The
percentage of grafting (% B), percentage grafting efficiency
(% GBE) and % add-on are found to decrease with increase in
degree of substitution. The molecular weights of the grafted
homopolymer (PAN) have been determined from viscosity
measurements and are found to decrease with increase in
degree of substitution of Na-PCMA sample. The results on the

thermal studies of all the Na-PCMA samples and their graft
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copolymers also showed that the thermal stability decreases

with increasing degree of substitution of Na-PCMA.

INTRODUCTION

As a part of ogur research programme we have
successfully grafted different vinyl monomers onto sodium
salt of partially carboxymethylated amylose using chemical
[1-4] as well as radiation [5] methods. We have also
measured the water absorbency of <aponified Na-PCMA~-g-FPAN
samples of different degrees of substitution [6] and studied
the thermal behaviour of different graft copolymers of
sodium salt of partially carboxymethylated amylose [71. In
the present work we have studied the effect of degrees of

substitution on grafting of acrylonitrile onto Na—-PCMA.

EXPERIMENTAL

Materials

Amylose used for the preparation of Na-FCMA was
extracted from the potatoes with usual procedure ([(81. The
method of Abdel-Akher et al [?] was followed for the
preparation of Na-PCMA of varying degrees of substitution.
The methods of purification and measurement of degree of
substitution (DS) were followed as discussed earlier [1o01.
The samples of Na-FCMA had DS values @.313, 0.493, 0.604,

@.316, 1.157 and 1.836 respectively.

The optimum reaction conditions for affording
maximum percentage of grafting of acrylonitrile (AN) onto

Na-FCMA (DS = @0.313) using ceric ammonium nitrate (CAN) as
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redox initiator were determined as discussed elsewhere (11.
The optimum reaction conditions obtained were : Na-FCMA
(DS = ©0.313) = 2.8 g (dry basis), (HNOz] = @.5 mol/L,

LAN] 1.169 mol/L, CCAN] = 0.20 mol/L, Temperature = SBOC,

Time = 4 hr and Volume of solvent (Ho0) = 50 ml.

By using the same optimized reaction conditions,
the grafting of AN onto Na-PCMA samples bhaving varying
degrees of substitution (viz, DS = 2.493, 0.604, 0.816,
1.157 and 1.834) was carried out. The experimental procedure
followed was identical one followed for the preparation of
Na-PCMA (5350.313)—9—PAN [11. All the different graft
copolymers were purified by soxhlet extraction with DMF for
48 hr. After removal of the homopolymer (PAN), all the pure
graft copolymer samples were dried at 40°C under vacuum

until constant weight was obtained.

The percentage grafting (% G) and grafting
efficiency (% BE) were evaluated by the following
expressions :

Weight of polymer grafted

FPercentage grafting = - X 100
(% B) Initial weight of backbone

Weight of polymer grafted
Percentage grafting = -— X 100
efficiency (% GE) Weight of Weight of

polymer + homopolymer

grafted

Side Chain Separation
The grafted samples viz. Na-PCMA (DS = @.313)-g-

PAN, Na-PCMA (DS = @0.493)—g-PAN, Na-FCMA (DS = @.604)-g-FAN,
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Na-PCMA (DS = @.816)-g-PAN, Na-PCMA (DS = 1.157)-g-PAN, and

Na-PCMA (DS = 1.836)-g-PAN were hydrolyzed by refluxing them

for six hours in IN HC1 solution [11]. After all the Na—FCMA
went into the solution, resinous masses were obtained and
were separated by filteration, washed with water and with
ethanol and dried under vacuum at 4@°C. All the isolated

side chains were characterized by IR as PAN.

Viscosity measurements

The molecular weight of grafted homopolymer (PAN)
was determined from the intrinsic viscosity measurements.
The intrinsic viscosity measurements were carried out at

25°C in DMF solution by using Ubbelohde viscometer.

Thermogravimetric analysis

The thermal behaviour of Na-PCMA samples having
varying degrees of substitution and their graft copolymers
was studied in air at a heating rate of 10°c/min by wusing

the DuPont 951 thermogravimetric analyzer.

RESULTS AND DISCUSSION

In the present study, the Na-PCMA samples of
varying degrees of substitution have been prepared in order
to study the effect of DS on the graft vyields. It is
expected that the presence of two functional groups,
hydroxyl and carboxyl, in Na-PCMA affords attractive sites
for further chemical modification such as grafting. The
presence of —-CHCOONa groups in the Na-PCMA may open up the

structure, thus increasing the diffusion of the initiator
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and the monomer. There is neither significant effect on the
availability of the amylose hydroxyls nor on their
reactivity by the -CHCOONa groups. On the other hand, the
accessibility of remaining hydroxyl groups of Na-PCMA to
grafting is greater, since higher graft yields are obtained

with the latter.

The grafting vyields obtained in the graft
copolymerization of AN on all the samples of Na—-PCMA with
different degrees of substitution have been tabulated in
Table—-i. It can be seen from this table that the values of
Z 6 and % GE decrease with increasing 55. It appears that
introduction of -CH2COONa groups into the amylose molecules
results into two opposing effects : (a) opening up of the
amylose structures, and thereby enhancing diffusion and
adsorption of both the monomer and the initiator and
(b) blocking some of the hydroxyl groups along the amylose
chains. Effect (a) leads to increase in the grafting yields,
where as effect (b) gives rise to a decrease. The factor

predominating out of the two will control the graft yield.

From the results of Table-i, it can be said that
for Na-PCMA sample-A effect (a) predominates while for other
samples (B to F), effect (b) is predominating. Thus the
effect of introducing the increasing amounts of
carboxymethyl groups in the amylose molecule, leads to the
decrease of swellability and blocking of the amylose

hydroxyls. In addition to this, the free hydroxyl groups, in
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TABLE 1 : Effect of Degree of substitution (DS)® in the

graft copolymerization of AN onto Na-PCMA samples

Sample(s) DS % Brafting % Brafting Efficiency

(% G) (% GE)
A @.313 181.50 82.97
B @.492 177.80 81.85
C 2.604 171.56 80.22
D 9.816 165.38 78.80
& 1.157 156.790 75.74
F 1.836 139.80 71.31

a. Reaction Conditions : Na~PCMA (all Bg) = 2.8 g (dry
basis) g CHNO =] = 0.5 mol/Lj; [AN] = 1.169 mol/L;
[CAN] = 0.20 mol/L; Temperature = 30°C; Time = 4 hry Volume

of solvent (H30) = S0 mbL and Total volume = 65 mbL

the Na-PCMA samples with increasing amount of carboxymethyl
groups, appear to be inaccessible for grafting, perhaps
because of steric hindrance. Therefore, for Na-PCMA samples
B, Cy, D, E and F, the graft yield decreases with increasing

DS.

The weight average molecular weight (ﬁ@) and
numner average molecular weight (ﬁn) were calculated from

intrinsic viscosity measurements of the grafted homopolymer



15: 58 24 January 2011

Downl oaded At:

EFFECT OF DEGREE OF SUBSTITUTION 1089

TABLE 2 : Effect of Degree of substitution (DS) of Na-PCMA
on molecular weight averages and polydispersity of

grafted PAN.

DS ¥ Brafting My x 107 Mo x 1070 Ry / Mp
(% 6)
0.313 181.50 6.04 3.02 2.00
0.493 177.60 5.88 2.94 2.00
0.604 171.56 5.41 2.71 2.00
0.816 165.36 5.26 2.63 2.00
1.157 156.90 5.11 2.55 2.00
1.836 139.80 4.50 2.25 2.00

(PAN) using the Cleland-Stockmayer equation {11 :

(Y3 = 2.33 127 8,2°7° 4197t

3.92 x 18 % 1,275 417!

[H

E‘Y)]

Thus the values of ﬁ@, ﬁﬁ and polydispersity
obtained in the case of all the Na-PCMA samples of
different degrees of substitution are tabulated in Table-2.
The values of ﬁ“ and ﬁn are found to decrease with increase
in Bg of Na-PCMA sample, which is in accordance with the

variation of % grafting with DS.

The thermal behaviour of all the Na-PCMA samples

having different degrees of substitution and their graft
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Fig.1 : TG thermograms for Ay : Na-PCMA (DS = 0.313),

A= Na-PCMA (DS = @2.313)—-g-PAN in air.

copolymers at a heating rate of 18°c/min in air atmosphere
was studied using DuFPont 951 thermogravimetric analyzer. The
typical primary thermograms obtained for Na—-PCMA (BEEQ.SIZ)
and Na-PCMA (BE;E.SIS)-Q—PAN samples are shown in Fig—-1. The
values of the temperature characteristics and IPDT for the
Na-FPCMA samples having different degrees of substitution and

their graft copolymers are also reported in Table-3. The
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examination of the table reveals that the overall thermal
stability of all the grafted samples decreases compared to
the corresponding Na-PCMA samples except Na-FCMA sample
having DS=@.313. It can be further seen that with increasing
DS of Na—-PCMA, IFDT value of the corresponding graft
copolymer decreases which is also quite in accordance with

the values of % grafting.
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