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

CARBOXYMETHYLATED AMYLOSE 

t B.K. Pate l ,  C.P. Pate l  and H.C. T r ived i  

Department o f  Chemistry 
Sardar Pate l  Un ivers i ty  

Vallabh Vidyanagar - 388 120 
Gujarat State - Ind ia  

CIBSTRCICT 

I n  order t o  study the e f f e c t  o f  degree o f  

subs t i tu t ion ,  the g ra f t i ng  o f  a c r y l o n i t r i l e  (AN1 onto sodium 

s a l t  o f  p a r t i a l l y  carboxymethylated amylose (Na-PCMA) 

samples o f  varying degrees of subs t i t u t i on  has been ca r r i ed  

out using 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 

percentage o f  g r a f t i n g  ( %  Q ) ,  percentage g r a f t i n g  e f f i c i e n c y  

1% BE) and Y. add-on are found t o  decrease w i th  increase i n  

degree of subs t i tu t ion .  The molecular weights of the gra f ted  

homopolymer (PAN) have been determined from v i scos i t y  

measurements and are found t o  decrease w i th  increase i n  

degree o f  subs t i t u t i on  of Na-PCMA sample. The r e s u l t s  on the 

thermal s tud ies of a l l  the Na-PCMA samples and t h e i r  g r a f t  
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PATEL, PATEL, AND TRIVEDI 1084 

cop0 

w i th  

ymers a l s o  showed t h a t  the  thermal s t a b i l i t y  decreases 

inc reas ing  degree o f  s u b s t i t u t i o n  o f  Na-PCMA. 

INTRODUCTION 

A s  a p a r t  o f  our research programme we have 

success fu l l y  g ra f ted  d i f f e r e n t  v i n y l  monomers onto sodium 

s a l t  o f  p a r t i a l l y  carboxymethylated amylose us ing  chemical 

Cl-41  as w e l l  a5 r a d i a t i o n  C53 methods. We have a l so  

measured the  water absorbency I J F  * iapon i f ied  Na-PCMA-9-PAN 

samples o f  d i f f e r e n t  degrees o f  s u b s t i t u t i o n  C61 and s tud ied  

the  thermal behaviour o f  d i f f e r e n t  g r a f t  copolymers o f  

sodium s a l t  o f  p a r t . i a l l y  carboxymethylated amylose C71. I n  

the  present work we have s tud ied  the  e f f e c t  o f  degrees o f  

s u b s t i t u t i o n  on g r a f t i n g  o f  a c r y l o n i t r i l e  onto Na-PCMA. 

EXPERIMENTAL 

Materials 

Amylose used f o r  t he  prepara t ion  o f  Na-PCMA was 

ex t rac ted  from the  potatoes w i t h  usual  procedure [ E l .  The 

method o f  Abdel-Akher e t  a1 C93 was fo l lowed f o r  the  

prepara t ion  o f  Na-PCMA of vary ing  degrees 0.f s u b s t i t u t i o n .  

The methods o f  p u r i f i c a t i o n  and measurement o f  degree o f  

s u b s t i t u t i o n  (DS) were fo l lowed as discussed e a r l i e r  C101. 

The samples o f  Na-PCMA had values 0.313, 0.493, 0.604, 

0.U16, 1.157 and 1.036 respec t i ve l y .  

- 

The optimum reac t i on  cond i t i ons  f o r  a f f o r d i n g  

maximum percentage o f  g r a f t i n g  o f  a c r y l o n i t r i l e  (AN) onto 

Na-PCMA (DS = 0.313) us ing  c e r i c  ammonium n i t r a t e  (CAN) as 
- 
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EFFECT OF DEGREE OF SUBSTITUTION 1085 

redox i n i t i a t o r  were determined as discussed elsewhere E l l .  

The optimum react ion condi t ions obtained were : Na-PCMA 

(DS = 0.313) = 2.0 g (d ry  bas is) ,  CHN031 = 0.5 mol/L, 

CAN1 = 1.169 mol/L, CCANI = 0.20 mol/L, Temperature = 30OC, 

Time = 4 hr and Volume o f  solvent (H2O) = 50 mL. 

- 

By using the same optimized react ion condit ions, 

the g r a f t i n g  o f  AN onto Na-PCMA samples having varying 

degrees o f  subs t i t u t i on  ( v i z .  DS = 0.493, 0.604, 0.816, 

1.157 and 1.836) was car r ied  out. The experimental procedure 

followed was iden t i ca l  one followed f o r  the preparation of 

Na-PCMA (DS=0.313)-9-PAN C l J .  A l l  the d i f f e r e n t  g r a f t  

copolymers were p u r i f i e d  by soxhlet ex t rac t ion  w i th  DMF f o r  

48 hr. CIfter removal o f  the homopolymer (PAN),  a l l  the pure 

g r a f t  copolymer samples were dr ied  a t  40OC under vacuum 

u n t i l  constant weight was obtained. 

- 

- 

The percentage g ra f t i ng  ( Y .  0 )  and g r a f t i n g  

e f f i c i ency  ( %  BE) were evaluated by the fo l lowing 

expressions : 

Weight o f  polymer graf ted 
percentage grafting = .......................... x 100 
( %  G )  I n i t i a l  weight of backbone 

Weight o f  polymer graf ted 
percentaqe grafting = .......................... x 100 
e f f i c i ency  (Y. GE) Weight o f  Weight of 

polymer + homopolymer 
graf ted 

Side Chain Separation 

The gra f ted  samples v i z .  Na-PCMA (0s = 0.313)-g- 

PAN, Na-PCMA (g = 0.493)-g-PANY Na-PCMA CE = 0.604)-g-PAN, 
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1086 PATEL, PATEL, AND TFWEDI 

- 
N~-PCMA (s = 0.816)-g-PAN, Na-PCMA (Ds = l.iJ7)-g-PAN, and 

~=-pCMfi (E = 1.836b-g-PAN Were hydrolyzed by r e f  lux ing them 

for  s i x  hours i n  1N HC1 6OlUtiOn t i l l .  Af te r  a l l  the Na-PCMA 

went i n t o  the solut ion,  resinous masses were obtained and 

were separated by f i l t e r a t i o n ,  washed w i t h  water and w i th  

ethanol and dr ied under vacuum a t  40OC. A l l  the iso la ted 

side chains were characterized by I R  as PAN. 

V i r c o r i  t y  measurements 

The molecular weight o f  graf ted homopolymer (PAN) 

was determined from the i n t r i n s i c  v i scos i t y  measurements. 

'The i n t r i n s i c  v i scos i t y  measurements were ca r r i ed  out a t  

25OC i n  DMF solut ion by using Ubbelohde viscometer. 

Thmrmogravimetric analysis 

The thermal behaviour of Na-PCMA samples having 

varying degrees o f  subs t i t u t i on  and t h e i r  g r a f t  copolymers 

was studied i n  a i r  a t  a heating r a t e  o f  iB0C/min by using 

the DuPont 951 thermogravimetric analyzer. 

RESULTS AND DISCUSSION 

I n  the present study, the Na-PCMA samples of  

varying degrees o f  s u b d i t u t i o n  have been prepared i n  order 

t o  study the e f f e c t  o f  on the g r a f t  y ie lds.  I t i s  

expected tha t  the presence o f  two funct ional  groups, 

hydroxyl and carboxyl, i n  Na-PCMA a f fo rds  a t t r a c t i v e  s i t e s  

f o r  f u r the r  chemical modif icat ion such as graf t ing.  The 

presence o f  -CH2COONa groups i n  the Na-PCMA may open up the 

structure,  thus increasirly the d i f f u s i o n  o f  the i n i t i a t o r  
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EFFECT OF DEGREE OF SUBSTITUTION 1087 

and the monomer. There i s  ne i ther  s i g n i f i c a n t  e f f e c t  on the 

a v a i l a b i l i t y  o f  the amylose hydroxyls nor on t h e i r  

r e a c t i v i t y  by the -CH2COONa groups. On the other hand, the 

a c c e s s i b i l i t y  o f  remaining hydroxyl groups o f  Na-PCMA t o  

g r a f t i n g  i s  greater, s ince higher g r a f t  y ie lds  are obtained 

w i th  the l a t t e r .  

The g r a f t i n g  y ie lds  obtained i n  the g r a f t  

copolymerization o f  fiN on a l l  the samples o f  Na-PCMA w i t h  

d i f f e r e n t  degrees o f  subs t i t u t i on  have been tabulated i n  

Table-1. I t  can be seen from t h i s  tab le  tha t  the values o f  

% 0 and % BE decrease w i th  increasing DS. It appears t h a t  

in t roduc t ion  o f  -CHzCOONa groups i n t o  the amylose molecules 

r e s u l t s  i n t o  two opposing e f f e c t s  : (a)  opening up of the 

amylose s t ructures,  and thereby enhancing d i f f u s i o n  and 

adsorption o f  both the monomer and the i n i t i a t o r  and 

(b )  b lock ing some o f  the hydroxyl groups along the amylose 

chains. E f f e c t  ( a )  leads t o  increase i n  the g r a f t i n g  y ie lds ,  

where as e f f e c t  (b )  gives r i s e  t o  a decrease. The fac to r  

predominating out o f  the two w i l l  con t ro l  the g r a f t  y ie ld .  

- 

From the r e s u l t s  o f  Table-1. i t  can be sa id tha t  

f o r  Na-PCMA sample-A e f f e c t  (a )  predominates whi le  f o r  o ther  

samples (B t o  F) ,  e f f e c t  (b )  i s  predominating. Thus the 

e f f e c t  of in t roducing the increasing amounts of 

carboxymethyl groups i n  the amylose molecule, leads to the 

decrease of s w e l l a b i l i t y  and blocking of the amylose 

hydroxyls. I n  add i t ion  t o  t h i s ,  the f ree  hydroxyl groups, i n  
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1088 PATEL, PATEL. AND TRIVEDI 

- 
TABLE 1 : E f f e c t  o f  Degree o f  s u b s t i t u t i o n  (DS)a i n  the  

g r a f t  copolymer izat ion o f  AN on to  Na-PCMA samples 

- 
Sample(s1 DS X G r a f t i n g  X W a f t i n g  E f f i c i e n c y  

( X  G )  ( X  GE) 

a 0.313 181 .S0 

H 0.493 177.80 

1: 0.604 171.56 

D 0.816 165.38 

82 

01 

80 

78 

97 

85 

22 

80 

E 1.157 156.90 75.74 

F 1.836 139.80 71.31 
- 

a. Reaction Cond i t ions  : Na-PCMA ( a l l  E) = 2.0 g ( d r y  

b a s i s ) ;  CHN0,gI = 0.5 mol/L..; CAN1 = 1.169 mol/L; 

CCANI = 0.20 mol/L; Temperature = 30OC; Time = 4 hr; Volume 

o f  so lvent  (H20) = 50 m L  and To ta l  volume = 65 mL 

the Na-PCMA samples w i t h  i nc reas ing  amount o f  carboxymethyl 

groups, appear t o  be inaccess ib le  f o r  g r a f t i n g ,  perhaps 

because o f  s t e r i c  hindrance. Therefore, f o r  Na-PCMA samples 

H, C ,  D, E and F, the g r a f t  y i e l d  decreases w i t h  inc reas ing  

DS . - 

- 
The weight average molecular weight (M,) and 

n u m o e r  average molecular weight (Mn) were ca l cu la ted  from 

i n t r i n s i c  v i s c o s i t y  measurements o f  t he  g r a f t e d  homopolymer 

- 
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EFFECT OF DEGREE OF SUBSTITUTION 1089 

TABLE 2 : E f f e c t  o f  Degree o f  subs t i t u t i on  (E) of  Na-PCMA 

on molecular weight averages and po lyd ispers i ty  o f  

graf ted PAN. 

- - - 
DS % Gra f t ing  mw x 10 -' En x i5w / M, 

( %  G )  

0.313 181 .50 6.04 3.02 2.00 

0.493 177.80 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-Stoekmayer equation C11 : 

C 3 3  = 2.33 x Mw0'75 dlg-' 

c 31 = 3.92 x M, - 0-75 d19-1 

- 
Thus the values o f  iw, Mn and polyd ispers i ty  

obtained i n  the case o f  a l l  the Na-PCMA samples o f  

d i f f e r e n t  degrees o f  subs t i t u t i on  are tabulated i n  Table-2. 

'The values o f  & and Mn are found t o  decrease w i th  increase 

i n  o f  Na-PCMA sample, which i s  i n  accordance w i th  the 

va r ia t i on  o f  % g r a f t i n g  w i th  E. 

- 

The thermal behaviour o f  a l l  the Na-PCMCI samples 

having d i f f e r e n t  degrees o f  subs t i t u t i on  and t h e i r  g r a f t  
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100 200 300 400 500 600 706 800 
Temperature ("C 

- 
F i a . l  : TG thermograms f o r  A 1  : Na-PCMA (DS = 0.313), 

A2= Na-PCMA tz = 0.313)-g-PAN i n  a i r .  

copolymers a t  a heating r a t e  o f  10OC/min i n  a i r  atmosphere 

was studied using DuPont 951 thermogravimetric analyzer. The 

t yp i ca l  primary thermograms obtained f o r  Na-PCMA (DS10.313) 

and Na-PCMA (%=0.313)-g-PAN samples are shown i n  Fig-1. The 

values o f  the temperature cha rac te r i s t i cs  and IPDT for  the 

Na-PCMA samples having d i f f e r e n t  degrees o f  subs t i t u t i on  and 

t h e i r  g r a f t  copolymers are also reported i n  Table-9. The 

- 
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1092 PATEL, PATEL, AND TRIVEDI 

examination o f  t he  t a b l e  revea ls  t h a t  the  o v e r a l l  thermal 

s t a b i l i t y  of a l l  the  g r a f t e d  samples decreases compared to 

the corresponding Na-PCMA samples except Na-PCMA sample 

having Os10.313. I t  can be f u r t h e r  seen t h a t  w i t h  inc reas ing  

of Na-PCMA, IPDT value o f  t he  corresponding g r a f t  

copolymer decreases which i s  a l so  q u i t e  i n  accordance w i t h  

the values o f  X g r a f t i n g .  
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