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Summary 

Cellulose is c o n v e n i e n t l y  functionalized to  the c o r r e s p o n d i n g  
S-benzoyl cellulose xanthate. Photolysis of S-benzoyl cellulose xanthate 
in presence of methyl methacrylate (MMA) initiated graft copolymeri- 
zation which was confirmed by different analytical techniques. 

Introduction 

Photo-induced graft copolymerization of vinyl monomers onto 
cellulos~ _has been a subject of intense activity during the past two 
decades -3 . Compared with other methods of grafting of vinyl 
monomers by free radical polymerization, this method has many advan- 
tages such as the controlled ~eneration of radical sites on cellulose 
and a higher grafting efficiency 4-7 . In photo-induced graft copolymeri- 
zation, certain photocleavable chromophores such as N,N-Diethyldithio- 
carbamate and phenyl sulphide groups are used for the grafting reac- 
tion 8-11  R e c e n t l y  i t  h a s  b e e n  s h o w n  in t h i s  l a b o r a t o r y  t h a t  p h o t o -  
l a b i l e  x a n t h a t e  c h r o m o p h o r e  can  b e  u s e d  to  i n i t i a t e  g r a f t i n g  of  a c r y l i c  
m o n o m e r s  o n t o  p o l y s t y r e n e  b e a d s  12 . A s e r i o u s  l i m i t a t i o n  of  t h i s  m e t h o d  
h o w e v e r  h a s  b e e n  t h a t  t h e  i n i t i a t o r  m o i e t y  a b s o r b s  b e l o w  300 nm,  w h e r e  
mos t  of  t h e  m o n o m e r s  a l s o  h a v e  a b s o r p t i o n  and  t h e r e b y  e n h a n c i n g  t h e  
f o r m a t i o n  of  h o m o p o l y m e r s .  H o w e v e r ,  t h e  u s e  of  a r e y l  x a n t h a t e s  a s  
p h o t o i n i t i a t o r  o v e r c o m e s  t h i s  l i m i t a t i o n  a n d  found  to b e  u s e f u l  f o r  t h e  
p h o t o c r o s s l i n k i n g  a n d  p h o t o p o l y m e r i z a t i o n  s t u d i e s  13-14  I t  i s  w e l l  
k n o w n  t h a t  x a n t h a t e  g r o u p  can  e a s i l y  b e  i n c o r p o r a t e d  " i n t o  c e l l u l o s e  
and  we h a v e  found  t h a t  S - b e n z o y l  cel~.ulose x a n t h a t e  i s  p h e t o c l e a v a b l e  
u n d e r  UV i r r a d i a t i o n .  In  t h i s  p a p e r ,  we r e p o r t  t h e  p h o t o - i n d u c e d  g r a f t  
c o p o l y m e r i z a t i o n  of  m e t h y l  m e t h s c r y ~ a t e  fMMA) on to  c e l l u l o s e  u s i n g  
b e n z o y l  •  c h r o m o p h o r e  as  t h e  f u n c t i o n a l  g r o u p .  

Experimental 

S h e e t s  of  W h a t m a n ' s  No.41  f i l t e r  p a p e r  w e r e  u s e d  as  t h e  s t a r t i n g  
c e l l u l o s i c  m a t e r i a l  f o r  t h e  p r e p a r a t i o n  of s o d i u m  c e l l u l o s e  x a n t h a t e .  
MMA was  w a s h e d  w i t h  10% a q u e o u s  s o d i u m  h y d r o x i d e ,  d r i e d  o v e r  
a n h y d r o u s  s o d i u m  s u l p h a t e  and  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  
S o l v e n t s  w e r e  p u r i f i e d  and  d i s t i l l e d  b e f o r e  u s e .  

P h o t o i r r a d i a t i o n s  w e r e  c a r r i e d  out  on an  O r i e l  O p t i c a l  I l l u m i n a t o r ,  
e q u i p p e d  w i t h  500 W s u p e r  h i g h  p r e s s u r e  m e r c u r y  l a m p  (USHIO USH 
508 SA).  IR s p e c t r a  w e r e  r e c o r d e d  on a P e r k i n - E l m e r  Mode l  882 
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s p e c t r o p h o t o m e t e r  and the  SEM p i c t u r e s  were  taken on a JEOL JSM-35 C 
scanning e l e c t r o n  mic roscope .  X- r ay  d i f f r a c t i o n  pa t t e rn s  were ob ta ined  
from a P h i l i p s  PW-1710 p o w d e r  d i f f r a c t o m e t e r  using Cu-I<~ r a d i a t i o n .  
T h e r m o g r a v i m e t r i c  ana ly se s  were  c a r r i e d  out using a Du Pont 951 TGA, 
a t t a c h e d  to a Du Pont 2000 t he rma l  ana ly s t  sys t em.  GPC ana lyses  were  
c a r r i e d  out using a H e w l e t - P a c k a r d  1081 B HPLC, a f t e r  c a l i b r a t i o n  with  
s t anda rd  p o l y s t y r e n e  samples .  

P r e p a r a t i o n  of Sodium Ce l lu lose  Xanthate  

Chopped  f i l t e r  p a p e r s  (Whatman No.41, 10 g) and aqueous sodium 
h y d r o x i d e  so lu t ion  (18%, 100 mL) were  mechan i ca l l y  s t i r r e d  for  2 h ,  
fo l lowed by the  a d d i t i o n  of carbon  d i s u l f i d e  (10 mL).  The r eac t ion  
mix tu re  was s t i r r e d  for  an a d d i t i o n a l  3 h and the  contents  were poured 
into e x c e s s  of methanol .  The p r e c i p i t a t e d  sodium c e l l u l o s e  xan tha t e  
was washed wi th  cold  methanol  and d r i e d  under  vacuum. IR (KBr);  
1220 cm - I  (C=S). 

P r e p a r a t i o n  of  S-Benzoyl  Ce l lu lose  Xanthate  

To a so lu t ion  of benzoyl  c h l o r i d e  (5 mL) in d i ch lo rom e thane  (20 mL),  
sodium c e l l u l o s e  xan tha t e  (2 g) was s lowly  added  with  constant  s t i r r i n g .  
The s t i r r i n g  was continued for  an add i t i ona l  p e r i o d  of 2 h and the  
ye l l ow  S - b e n z o y l  c e l l u l o s e  xan tha te  tha t  formed was f i l t e r e d ,  washed  
with  d i c h l o r o m e t h a n e ,  water  and acetone an_~ d r i e d  under  vacuum. 
IR (KBr);  1720 (C=0), 1220 (C=S), and 1050 cm (C-0 ) .  

Pho togra f t ing  of  MMA: General  P r o c e d u r e  

A mix tu re  of S -benzoy l  c e l l u l o s e  xan tha t e  (3) (1 g) and MMA (2 mL) 
was suspended  in a p y r e x  v e s s e l  containing 50-mL of d i s t i l l e d  wa te r .  
The r eac t ion  mix tu re  was degas sed  for  10 rain wi th  argon and i r r a d i a t e d  
for  known p e r i o d s  of t ime.  The g ra f t ed  po lym er  was c o l l e c t e d  by f i l -  
t r a t i o n ,  d r i e d  and e x t r a c t e d  wi th  ch lo ro fo rm for  12 h ,  using a Soxh le t  
a p p a r a t u s .  Af t e r  e x t r a c t i o n ,  the  g ra f t ed  ce l l u lo se  was c o l l e c t e d  and 
d r i e d  in a vacuum oven at 60 ~ C. The  homopolymer  of MMA was 
ob ta ined  by pouring the  concen t ra ted  c h l o r o f o r m  e x t r a c t  in e x c e s s  of 
methanol .  The pe rcen t age  graf t ing  (G) and the g ra f t  e f f i c i e n c y  (GE) 
were  ca l cu l a t ed  from the  change in weight  of c e l l u l o s e  on graf t ing and 
weight  of  homopo lymer .  

Resu l t s  and Discuss ion  

P r e p a r a t i o n  of S-Benzoyl  Ce l lu lose  Xanthate (3) 

The sodium sa l t  of c e l l u l o s e  xan tha te  was p r e p a r e d  accord ing  to 
a r e p o r t e d  p rocedure15  . The sodium sa l t  on f u r t h e r  r eac t ion  wi th  
benzoyl  c h l o r i d e  gave  the  co r re spond ing  S - b e n z o y l  c e l l u l o s e  xan tha t e  (3) 
(Scheme 1) .  The IR spec t rum of (3) showed a b s o r p t i o n  bands at 
1720 (C=0), 1220 (C=S) and 1050 cm - I  (C--0). 

Pho togra f t ing  of MMA onto S-Benzoyl  Ce l lu lose  Xanthate (3) 

Pho togra f t ing  of MMA onto the  c e l l u l o s e  xan tha te  (3) was c a r r i e d  
out in d i f f e r e n t  s o l v e n t s  unde r  i d e n t i c a l  p h o t o l y t i c  condi t ions  (Scheme i ) .  



S 
CeU_CH2_OH NQOH,~S2 ~. CelI-CH2-O-C_S-No 

CsHsCOCI 

V 5 0 IpI 1 S MMA, h~ CH u n 
CelI-CH2-O-,-- S~MM A~ ( Cell- 2-O-C-S-C-C6H5 

_4 
Cel lulose graft cop~yrner 

_3 

417 

Scheme 1 

Among the different solvents tried, water and methanol gave maximum 
efficiency for grafting. As mentioned in the experimental section, 
instead of adding the monomer directly into the suspension of the 
cellulose xanthate (3) in water or methanol, a pre-soaking procedure 
was adopted. This procedure has a profound effect on the efficiency 
of grafting as compared to the direct addition of the monomer. Since 
methanol and water are non-solvents for MMA, high local concentrations 
and intimate contact of the monomer with the photoinitiator moiety of 
the cellulose matrix are achieved. This must have enhanced the effi- 
ciency of photoinitiatien and the subsequent termination of the growing 
PMMA chains by the thiocarbonyl thiyl radicals of the cellulose, which 
in turn, improve the efficiency of grafting. This is ~n agreement with 
the earlier reports by Imoto 16 and Takahashi et al 4' which explain 
the enhanced graft efficiency of MMA onto cellulose when carried out 
in aqueous system. 

Figure 1 shows the relationship between the graft efficiency and 
the irradiation time. The graft efficiency was found to increase to 
a certain extent and then gradually decrease with increased irradiation 
time. This could be due to the increased formation of the homopolymer, 
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Figure  1: R e l a t i o n s h i p  be tween  
the  g ra f t  e f f i c i e n c y  and the  
t ime of i r r a d i a t i o n  
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arising due to prolonged irradiation. The grafted PMMA chains were 
isolated from the cellulose backbone by treating them with 724 sulphuric 
acid and the resultant polymers were analysed by GPC. The GPC analysis 
of the grafted PMMA chains did not show any significant change in their 
molecular weights. This observation suggests that the irradiation time 
does not have much influence on the molecular weights of the grafted 
PMMA chains. This is in agreement with a recent report on th~4Photo- 
polymerization studies of MMA using aroyl xanthate as photoinitiator 

Evidence  for  the  Graft ing of MMA 

The pho to induced  gra f t ing  of MMA onto the c e l l u l o s e  xan tha t e  (3) 
was conf i rmed by s e v e r a l  a n a l y t i c a l  t e chn iques .  The IR spec t rum of th-e 
g ra f t ed  c e l l u l o s e  sh_o~ved the  p re sence  of c h a r a c t e r i s t i c  e s t e r  a b s o r p t i o n s  
of PMMA at 1737 cm . The PMMA chains  were i s o l a t e d  from the  g ra f ted  
ce l l u lo se  and compared wi th  au thent ic  samples  of PMMA., The IR s p e c t r a  
a r e  found to be i den t i ca l  in both the cases .  

F u r t h e r  conf i rmat ion  of the  g ra f t ing  of MMA onto the  c e l l u l o s e  
xan tha te  (3) was obta ined  from c o m p a r a t i v e  s tud ie s  of the  scanning e l e c -  
t ron mic roscope  (SEM) p i c t u r e s  of the  ungraf ted  and g ra f t ed  c e l l u l o s e .  
The SEM p i c t u r e  of the  ungraf ted  c e l l u l o s e  at magni f ica t ion  X 1000 is  
shown in F igure  2(a) ,  which  i nd i ca t e s  a n e a r l y  smooth sur face .  F igure  2(b) 
i s  the  SEM p i c t u r e  of the  MMA-grafted ce l lu lose  at magnif icat ion X 1000. 
Th i s  p i c t u r e  c l e a r l y  i n d i c a t e s  the p r e s e n c e  of g r a f t ed  PMMA chains  on 
the  surface  of the c e l l u l o s e  f i b r e s .  The space  be tween d i f f e r e n t  f i b r e s  
h a v e  been f i l l e d  by g ra f t ed  PMMA. 

Figure 2(a): SEM photograph 
of ungrafted cellulose 

Figure  2 ( b ) :  SEM pho tog raph  
of PMMA gra f t ed  c e l l u l o s e  

T h e r m o g r a v i m e t r i c  a n a l y s i s  (TGA) of the ungra f ted  and g ra f t ed  
ce l l u lo se  (F igu re  3) i n d i c a t e s  that  the  i n i t i a l  decompos i t ion  te r~pera ture  
(Ti)  of the fo rmer  is l ower  (240~ than that  of the  l a t t e r  (296-C,  120% 
g ra f t i ng ) .  Th is  enhancement in Ti wi th  the  i n c r e a s e  in the pe rcen tage  
g ra f t ing  is  an add i t i ona l  e v i d e n c e  for  the  graf t ing of MMA onto the  c e l l u -  
lose  xan tha te  (3) .  
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Figure 3: TG curves of 
(a) S-benzoyl cellulose 
xanthate, (b) 50% PMMA 
grafted and (c) 120% 
PMMA grafted. 
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F i g u r e  4: XRD p a t t e r n s  of 
(a) S-benzoyl  ce l lu lose  
xan tha t e ,  (b) 50% PMMA 
gra f ted ,  [c) 120% PMMA 
graf ted  and (d) pure  
PMMA. 

In Figure 4, the X-ray diffraction (XRD) patterns of the ungrafted 
and PMMA-grafted cellulose are compared with that of pure PMMA. From 
the XRD pattern~, it is clear that the peak corresponding to PMMA 
(2 @ = 10 to 18-) increases with increase in the percentage grafting. 

Mechanism of Photografting 

Aroyl xanthates are known to undergo homolytic scission l of the 
C(=0)-S bond, generating benzoyl and thiocarbonyl thiyl radicals " 
Aroryl xanthates and their polymeric ~nalogues have been used for several 
a p p l i c a t i o n s  in po lymer  chemis t ry  9, 10 Based on analogy to e a r l i e r  



420 

r epo r t s ,  we in fe r  that  the  S-benzoyl  ce l lu lose  xan tha t e  (3) undergoes  an 
analogous photocleavage ,  genera t ing  the t h i o c a r b o n y l  t h i y l  r a d i c a l s  on the 
ce l lu lose  and benzoyl  r a d i c a l s  in so lu t ion .  The po lymer i za t ion  of MMA 
is i n i t i a t e d  by the benzoyl  r a d i c a l s  and te rmina ted  by the t h i o c a r b o n y l  
t h i y l  r a d i c a l s  p resen t  on ce l luIose ,  e v e n t u a l l y  leading  to the graf t ing of 
MMA. 

Conclusion 

The incorporation of the benzoyl xanthate chromophore on cellulose 
facilitates the photochemical generation of free radical centres which 
subsequently initiate the graft polymerization of MMA. This method 
provides an easy procedure to incorporate high percentage of PMMA onto 
cellulose and has the potential for making biodegradable polymers. 
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