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CERIC-INDUCED GRAFTING OF ACRYLONITRILE 
ONTO SODIUM SALT OF PARTIALLY 

CARBOXYMETHYLATED STARCH 

t .M.  Josh i .  V . t  - Sinha. C.P. Fate1 and H.C. T r i v e d i  t 

Department o f  Chemistry. 
Sardar P a t e l  U n i v e r s i t y .  

Va l l abh  Vidyanagar - 388 120. 
G ~ i j  a r a t  S t a t e /  I n d i a .  

ABSTRACT 

Sodium s a l t  of p a r t i a l l y  carboxymethylated s t a r c h  

(Na-PCMS, D5=(3.317) was g r a f t  copolymerized w i t h  

a c r y l o n i t r i l e  ( A N )  us ing  c e r i c  ammonium n i t r a t e  (CAN) as an 

i n i t i a t o r .  The opt imized r e a c t i o n  c o n d i t i o n s  a f f o r d i n g  t h e  

maximum percentage o f  g r a f t i n g  a r e  determined by v a r y i n g  t h e  

c o n c e n t r a t i o n s  o f  n i t r i c  a c i d ,  i n i t i a t o r  and monomer 

toge the r  w i t h  temperature and t ime. The r e s u l t s  a r e  

discussed. 

- 

I Correspondence author  

133 

Copyright 0 1995 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



134 

INTRODUCTION 

JOSH1 ET AL. 

I n  a n  a t t e m p t  t o  m o d i f y  water s o l u b l e  p o l y m e r s ,  w e  

h a v e  s u c c e s s f u l l y  g r a f t e d  d i . f f e r e n t  v i n y l  monomers o n t o  t h e  

s o d i u m  s a l t  o f  p a r t i a l l y  c a r b o x y m e t h y l a t e d  a m y l o s e  (Na-PCMA) 

C1-51 a s  w e l l  a s  o n t o  s o d i u m  a l g i n a t e  Cb-113 u s i n g  c h e m i c a l  

a s  w e l l  a s  r a d i a t i o n  m e t h o d s  a n d  s t u d i e d  t h e  b i o d e g r a d a b l e  

b e h a v i o u r  o f  s o d i u m  alginate-graft-acrylonitrile by s t u d y i n g  

its i n t e r a c t i o n s  w i t h  d i f f e r e n t  m i c r o o r g a n i s m s  C121. 

I n  o u r  p r e v i o u s  p a p e r s ,  w e  r e p o r t e d  g r a f t  

c o p o l y m e r i z a t i o n  o f  AN o n t o  s o d i u m  s a l t  o f  p a r t i a l l y  

c a r b o x y m e t h y l a t e d  s t a r c h  (Na-PCMS) by i r r a d i a t i o n  ClJl as  

w e l l  a s  u s i n g  Ce+4 - a m i n e  s y s t e m  as  redo:.: i n i t i a t o r -  C i 4 1  

a n d  d e t e r m i n e d  t h e  water  r e t e n t i o n  v a l u e s  o f  s a p o n i f i e d  

Na-PCMS-9-PAN s a m p l e s  o f  d i f f e r e n t  d e g r e e s  o f  s u b s t i t u t i o n  

C151. I n  t h e  p r e s e n t  w o r k ,  g r a f t i n g  o f  A N  o n t o  Na-FCMS 

i D S = ( S . 3 1 7 )  is i n v e s t i g a t e d  i n  t h e  p r e s e n c e  o f  C e + 4  a n d  t h e  

r e a c t i o n  c o n d i t i o n s  f o r  g r a f t  c o p o l y m e r i z a t i o n  a r e  

o p t i m i z e d .  

-- 

EXPERIMENTAL 

Materials 

S t a r c h  u s e d  f o r  t h e  p r e p a r a t i o n  o f  Na-F'CMS was 

e x t r a c t e d  f r o m  p o t a t o e s  w i t h  u s u a l  p r o c e d u r e  C 1 6 1 .  

Q c r y l o n i t r i l e  ( A N )  w a s  d i s t i l l e d  a t  a n  a t m o s p h e r i c  p r e s s ~ i r e  

t h r o u g h  a f r a c t i o n a t i n g  co lumn a n d  c e n t r e  c u t  w a s  u s e d  i n  

t h e  c o p o l y m e r i z a t i o n  r e a c t i o n s .  C e r i c  ammonium n i t r a t e ,  CRN 

( a n a l a r  g r a d e ,  G l a x o  L a b o r a t o r i e s ) ,  was u s e d .  F r e s h  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CERIC-INDUCED GRAFTING OF ACRYLONITRILE 135 

sol i . i t ions o f  t he  i . n i . t i a t o r  were used by d i s s o l v i n g  the  

requ i red  amount o f  CAN i n  HN05. A l l  o ther  r-eayentr, and 

so lvents  used were o f  reagent grade. INitroyen q ~ s  was 

p u r i f i e d  by passing through f r e s h l y  prepared alka1.ine 

p y r o g a l l o l  s o l u t i o n .  The c o n d u c t i v i t y  water- was used for- t he  

prepara t ion  c!+ sol.i~t:.i.ons as  WE^ 1 a5 i r i  po1.ymeri zLit ior i  

reac t ions .  

Prepara t ion  o f  Na-PCMS and Measurement o f  

Sodium s a l t  o f  p a r t i a l l y  carboxymethylated s t a r c h  

(Na-PCMS) was prepared from s t a r c h  f o l l o w i n g  the method o f  

Abdel-6kher e t  a1 C171. The sample o f  Na-FCMS was p u r i f i e d  

by usual  p r e c i p i t a t i o n  method. The a c i d  form o f  Na-PCMS 

( i . e .  HFCMS) was obta ined by passing i t s  s o l u t i o n  through a 

regenerated c a t i o n  exchanger (Amber l i te  IR-120) res in .  The 

average degree o f  s u b s t i t u t i o n  (DS) was determined fr-om the  

no rma l i t y  o f  HPCMS s o l u t i o n  by pH-metry and the  d ry  weight 

o f  HFCMS by evapora t ing  a known volume o f  HFCMS s o l u t i o n  

C 1 8 1 .  The Con t ro l  Dynamics D i g i . t a 1  pH--meter (C.D. 

Ins t rumenta t ion ,  Hanglore) was used f o r  c a r r y i n g  ou t  pH- 

measurements. The DS o f  Na-PCMS was found t o  be 0.317. 

- 

- 

G r a f t  Copolymer izat ion 

The y r a f t i n g  reac t i ons  were c a r r i e d  ou t  under a 

nit-rogen atmosphere i n  a 250 mL th ree  necked 

w i t h  a ref lu:. :  condenser, a 5 t i . r r e r  and a gas 

immersed i n  a cons tan t  temperature bath. 

reac t ion ,  2.0 g ( d r y  bas i s )  o f  Na-PCMS 

lask equipped 

i.ri1t.t system. 

I n  a t y p i c a l  

D S = O  . .3 17 ) was 
- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



136 JOSH1 ET AL. 

, - ~ i , s s ~ l v e d  i n  c o n d u c t i v i t y  water (50 fl1L.i With CClnstant 

ck i r - r i ng  and bubb l ing  a slow stream o f  n i t rogen ,  for- 30 m i n  

i t the  des i red  temperature ( 1 5 - 5 0 ° C ) .  The f r e s h l y  prepared 

1(3 ml- s o l u t i o n  o f  CAN (0.1 to 0.9  M )  i n  n i t r i c  a c i d  (O.t-)5 t o  

.i:) II) was added and s t i r r e d  for- XI min. Nitt-ogeri was 

I urit. inuuu.jly passed throuqh t h i s  -,oluti.on and f r e s h l y  

< l i u t i l l e d  a c r - y l o n i t r i l e  monomer ( 0 . 4 4 ~ 8  P1 t o  1 . 6 Z 5  Mi was 

idded. The g r a f t i n g  r e a c t i o n s  were c a r r  ed out f o r  va ry ing  

Lime i n t e r v a l s  (3:) min t o  24 h r i  . l i f t e r  complel-.ion o f  t he  

reac t ion ,  t h e  m i x t u r e  w a s  immediately f i  t e red  and t h e  crude 

copolymer product  w a s  washed w i t h  n i t r i c  a c i d  s o l u t i o n  and 

water. The crude copolymer thus obta ined w a s  d r i e d  under 

vacuum a t  40 C. The crude copolymer was f reed from ungra f ted  

PAN by e x t r a c t i o n  w i t h  dimethylformamide (DMF) f o r  48 h. 

A f t e r  complete removal o f  homopolymer .I the res idue w a s  d r i e d  

at 40 i3 under vacuum u n t i l  cons tan t  weight was obtained. 

0 

0 

The percentage o f  t o t a l  convers ion ( X  C t  J .. percentage 

g r a f t i n g  ( %  G) and percentage g r a f t i n g  e f f i c i e n c y  ( %  GE) 

were evaluated by the  f o l l o w i n g  expressions : 

Weight o f  polymer g r a f t e d  
+ Weight o f  homopolymer 

Weight o f  monomer charged 
ct, = -___l_.-______l_______----_ \, 

Weight o f  polymer g r a f t e d  

Weight o f  polymer g r a f t e d  
+ Weight o f  homopolymer 

GE = -------------_--__-I------ %< 
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CERIC-INDUCED GRAFTING OF ACRYLONITRILE 137 

I R  Spectra 

IF? spec t ra  o f  Na-PCMS, Na-PCMS-g-PRN and PAN 

samples were taken i n  KBr p e l l e t  form us ing  a Pel-kin-Elmer 

Model 98.3 spectrophotometer.  

RESULTS AND DISCUSSION 

I n  order  t o  op t im ize  t h e  condi t i .ons f o r  g r a f t i n g ,  

t h e  concen t ra t i ons  o f  i n i t i a t o r ,  n i t r i c  a c i d  and monomer 

toge the r  wit.h temperature and t i m e  were va r ied .  

E f f e c t  of React ion t i m e  

F i g u r e  1 shows t h e  e f f e c t  o f  r e a c t i o n  t ime on the  

percentage g r a f t i n g .  I t  i s  c l e a r  from th i s  f i g u r e  t h a t  

g r a f t i n g  proceeds a t  a f a s t e r  r a t e  up to  4 hr fo l lowed by a 

s lower  r a t e  o f  i nc rease  i n  percentage g r a f t i n g  up to  24 h. 

The decrease i n  r a t e  o f  g r a f t i n g  w i t h  t ime cou ld  be 

a t t r i b u t e d  t o  decrease i n  concen t ra t i on  o f  bo th  t h e  

i n i t i a t o r  

number o 

g r a f t i n g  

( F i g u r e  2 

and t h e  monomer a5 w e l l  as a reduc t i on  i n  t h e  

s i t e s  on t h e  Na-PCMS backbone access ib le  for. 

as t h e  r e a c t i o n  proceeds. The g r a f t i n g  e f f i c i e n c y  

decreases r a t h e r  r a p i d l y  i n  t h e  beginning perhaps 

because t h e  monomer molecules cannot reach t h e  r a d i c a l  s i t e  

e a s i l y  and homopolymer fo rma t ion  is favoured. With t h e  

i nc rease  i n  r e a c t i o n  t ime  t h e  amount o f  g r a f t  copolymer 

fo rma t ion  increases,  even though t h e  percent  g r a f t i n y  

e f f i e n c y  s t i l l  decreases because t h e  homopolymer i s  s t i l l  

be ing formed. The percentage o f  t o t a l  conversion ( F i g u r e  3 )  

increases l i n e a r l y  f o r  t h e  f i r - s t  4 h and then a t t a i n s  a 
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138 JOSH1 ET AL. 
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4 8 12 16 20 24 

Time (lid 

F igu re  1 : I n f l u e n c e  o f  r e a c t i o n  t ime on percentage g r a f t i n g  

Na-PCI% (DS = 0.317) = 2.!3 g ( d r y  b a s i s ) ,  CHN031 

= C I . . ~  N, CAN]  .- 1.169 mol/L, CCANI = c ! . x )  M ,  

Temperature=SOOC 

I_ 

1-420=50 m L  , Tota 1 Vol~.ime=65 mL.. 

92 

4 8 12 16 20 24 

Time(hr1 

Figure  2 : I n f l u e n c e  o f  r e a c t i o n  t ime on percentage g r a f t i n g  

e f  f i c i r n c y  . 
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CERIC-INDUCED GRAFTING OF ACRYLONITRILE 139 

ia 2.2 2.6 3.0 3.4 

log (Time) 

Figure 7 : P l o t  o f  l og (% C t )  versus react ion time. 

constgnt  value. Thus i t  can be concluded t h a t  a period o f  

4 ti is the optimum dura t ion  f o r  g r a f t i n g  o f  AN onto Na-PCMS. 

I n  4 h durat ion maximum amount o f  g r a f t  copolymer i s  formed 

and the amount o f  homopolymer formed i s  minimum. Beyond t h i s  

time the g r a f t i n g  parameters increase s lowly  u n t i l  24 h IS 

reached. 

E f f e c t  o f  Temperature 

F igure 4 shows the  i n f l uence  o f  temperature on % C t  

o r  % G o r  % GE. It can be seen from t h i s  f i g u r e  t h a t  % C t  o r  

% G o r  % GE increases w i t h  r i s e  i n  temperature from 15OC t o  

30°C but  decreases w i t h  f u r t h e r  r i s e  i n  temperature t o  50°C.  

The dependence o f  the percentage g r a f t i n g  on temperature can 

be ascribed t o  the swe l l ing  o f  Na-FCMS and an enhancement o f  

the r a t e  o f  d i f f u s i o n  o f  monomer. With any fu r the r  increase 

i n  temperature the g r a f t  copolymerization occurs w i th  poor 

s e l e c t i v i t y ,  and var ious hydrogen abs t rac t ion  and chain 
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140 JOSH1 ET AL. 

1 

Temperature 

t r a n s f e r  reac t i ons  might  be acce lera ted  and thus lead t o  a 

dccrease i n  i! G as w e l l  as % Ct. The decrease i r i  Z GE a t  

h igher  temperature (F igu re  4 )  may be a t t r i b u t e d  t o  the 

s c l u b i l i t y  o f  monomer i n  t h e  aqueous phase and a l s o  t o  the  

acce le ra t i on  o f  t he  te rm ina t ion  reaction.;, which leads t o  the  

f c  rmation o f  more homopolymer. S i m i l a r  resuX t s  have been 

w p o r t e d  i n  the l i t e r a t u r e  C l l  19-221. 

Effect o f  A c i d  Concentration 

The concent ra t ion  o f  n i t r i c  a c i d  was va r ied  i n  the  

r,nge 0.05-1 .OO M. I. eeping t h e  concen t ra t i ons  o f  a l l  o the r  

rtbagents f i xed .  The e f f e c t  o f  a c i d  concent ra t ion  on the  

pear-centage g r a f t i n g  i s  shown i n  F i g u r e  5. I t  is seen t h a t  
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CERIC-INDUCED GRAFTING OF ACRYLONITRILE 14 1 

F i g u r e  5 : I n f l u e n c e  o f  n i t r i c  c o n c e n t r a t i o n  on 

p e r c e n t a g e  g r a f t i n g  

Na-FCMS (D5 = 0.217) = 2 . 0  g ( d r y  b a s i s ) ,  CfWI L= 

1.169 m o l / L ,  CCRNI = 0.20  M, ‘ T i m e  = 4 h, 

Temperature=3C!‘C I H?O=.’iO m L ,  T o t a l  V o l u m e = 6 5  mL. 

_- 

t h e r e  exists a n  op t imum c o n c e n t r a t i o n  o f  n i t r i c  a c i d  (0 .30N!  

w h i c h  a f  t ’o rds  maximum qraf t i n g .  Beyond t h i s  c o n c e n t r a t i o n ,  

t h e  p e r c e n t a g e  o f  g r a f t i n g  d e c r e a s e s .  T h e  i n i t i a l  i n c r e a s e  

i n  g r a f t i n g  w i t h  i n c r e a s e d  a c i d  c o n c e n t r a t i o n  may be d u e  tu 

a d e c r e a s e  i n  t h e  t e r m i n a t i o n  ra te  o f  t h e  g r o w i n g  p o l y m e r  

c h a i n  or a n  i n c r e a s e  i n  t h e  i n i t i a t i o n  rate.  However ,  a t  

h i g h e r  a c i d  c o n c e n t r a t i o n s ,  t h e  d e c r e a s e  i n  t h e  p e r c e n t a g e  

o f  g r a f t i n g  could b e  a t t r i b u t e d  t o  a c o r r e s p o n d i n g  r e d u c t i o n  

i n  ceric-Na-PCM5 c o m p l e x  f o r m a t i o n  as w e l l  a5 an i n c r e a s e  i n  

p o l y m e r  t e r m i n a t i o n  r a t e s .  Rao et a1 CZSI h a v e  made s imi l a r  

o b s e r v a t i o n s .  
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E f f e c t  of  I n i t i a t o r  C o n c e n t r a t i o n  

F i g u r e  6 s h o w s  t h e  d e p e n d e n c e  o f  p e r c e n t a g e  o f  

g r a f t i n g  o n  t h e  i n i t i a t o r  c o n c e n t r a t i o n .  T h e  p e r c e n t a g e  o f  

g r a f t i n g  i n c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  i n t i t i d o r  

c o n c e n t r a t i o n  b u t  r e a c h e s  a maximum v a l u e  o f  '739 .Xi% a t  

O.:?O M C A N .  I n c r e a s i n g  t h e  i n i t i a t o r  c o n c e n t r a t i o n  f u r t h e r  

r e s u l t e d  i n  a d e c r e a s e  o f  t h e  p e r c e n t a g e  o f  g r a f t i n g .  A 

r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  t h e  i n i t i a t o r  may c a u s e  a 

r e d u c t i o n  o f  g r a f t i n g  d u e  t o  a n  i n c r e a s e  i n  t h e  number  o f  

Na-PCMS r a d i c a l s  t e r m i n a t e d  p r i o r  t o  A N  a d d i t i o n .  

F u r t h e r m o r e ,  homopolymer f o r m a t i o n  a t  h i g h e r  i n i t i a t o r -  

c o n c e n t r a t i o n s  w h i c h  c o m p e t e  w i t h  t h e  q r a f : t i . n y  r e a c t i o n  f o r  

a v a i l a b l e  monomer c o u l d  l e a d  t o  a d e c r e a s e  i n  t h e  p e r c e n t a g e  

of g r a f t i n g .  Several a u t h o r s  h a v e  r e p o r t e d  s i m i l a r  t r e n d s  

f o r  t h e  ce r ic  i o n  g r a f t  c o p o l y m e r i z a t i o n  o f  c e l l u l o s i c  

s u b s t r a t e s  C24-263. 

Ef fec t  of  Monomer C o n c e n t r a t i o n  

T h e  e f f e c t  o f  monomer c o n c e n t r a t i o n s  on t h e  

p e r c e n t a g e  o f  g r a f t i n g  a s  we1 1 a s  o n  t h e  gr-af t i n g  e f f i c i e n c y  

i a  Ehown i n  F i g u r e  7. I t  is e v i d e n t  f r o m  t h i s  f i g u r e  t h a t  a s  

t h e  monamer c o n c e n t r a t i o n  i n c r e a s e s  f r o m  0.46E3 M t o  1.169 M ,  

0t.e v a l u e s  o f  X G as w e l l  a s  i! GE i n c r e a s e s  a n d  t h e n  

d E c r e a s e s .  The  lower c o n c e n t r a t i o n s  oJ; monomer- f a v o u r  g r a f t  

c o p o l y m e r i r a t i o n  b u t  w i t h  h i g h e r  monomer c o n c e n t r a t . i o n s  t h e  

pr i m a r y  r a d i c a l s  a t t ack  t h e  monomer- i n s t e a d  o f  r e a c t i n g  w i t h  

t h e  b a c k b o n e  p o l y m e r  I t h e r e b y  p r o d u c i n g  t h e  homopolymer  a n d  

less p e r c e n t a g e  o f  g r a f t i n g .  I t  c a n  a lso b e  n o t e d  t h a t  o n c e  
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F i g u r e  6 : I n f l u e n c e  o f  c e r l c  ammunium n i t r a t e  ( C A N )  

concent ra t lon  on percentage g r a f t i n g .  

Na-PCMS (DS = 0.317) = 2.0 q ( d r y  b a s i s ) .  CHNO-I;~ 

- 0 . T  N. CAN1 = 1.169 mol/L, Time = 4 h, 

Temperature=X°C, H20=5o mL, T o t a l  Volume=65 mL. 

_. 

- 

F l g u r e  7 : I n f l u e n c e  o f  monomer (AN) concentrat ion on 

percentage o f  g r a f t i n g .  

Na-BCMS (DS = 0.517) = 2.0 g ( d r y  b a s i s ) .  CHN071 

= 0.1 N, CCRNI = C r . 3 : )  M. Time = 4 h. Temperature 

= ;O°C. H20 = 50 mL, T o t a l  Volume = 65  mL.  

- 
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144 JOSH1 ET AL. 

t he  g r a f t  copplymrr r a d i c a l  has formed, the  excess monomer 

w i l l  s h i e l d  the  g r a f t  copolymer which may i n h i b i t  t he  r a t e  

o f  g r a f t  copolymer izat ion.  I n  addi t . ion t o  t h i s  t h e  excess o f  

moiiomer w i l l  be a v a i l a b l e  f o r  i n i t i a t o r  r a d i c a l s  t o  i n i t i a t e  

the  homopolymerization reac i o n  and thereby decrease the 

g r s f t i n g  e f f i c i e n c y  (F igu re  7 . 

Evidence of G r a f t i n g  

The format ion o f  g r a f t  copolymer was conf i rmed by 

I R  spectroscopy. The IK spec t ra  o f  Na-PCMS, PAN and 

Na-PCMS-g-f&N were taken i n  the  range o f  1 0 0 0 - 4 0 0 0 ~ m - ~  . It 

was observed t h a t  the  y r a f  tcopglymer- showed absorp t ion  bands 

o f  Na-PCMS and an a d d i t i o n a l  band a t  2233cm which has been 

a t t r i b u t e d  t o  the  CSN s t r e t c h i n g  mode. c h a r a c t e r i s t i c  n f  

t he  spec t ra  o f  /='AN. Thu5, the  presence o f  t h e  a d d i t i o n a l  

-- 1 

band 

g r a f  k ing  has taken place. 

a t  2250cm-i i n  the  g r a f t  copolymer indzcates  
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