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Grafting onto Protein. I. Graft Copolymerization 
of Poly(methy1 Acrylate) onto Gelatin 

B. N. MISRA, I. K. MEHTA, andD. S. SOOD 

Department of Chemistry 
Himachal Pradesh University 
Summer Hill, Simla- 171005, India 

A B S T R A C T  

Poly(methy1 acrylate) has been graft copolymerized onto a 
soluble protein, gelatin, in aqueous medium by using ceric 
ammonic nitrate (CAN) as the redox initiator. Graft copolym- 
erization was carried out at 35,45, and 55°C for vaxious reaction 
periods. Maximum percent grafting occurred at 45°C. Nitric 
acid was found to influence grafting. Percent grafting has been 
determined as a function of (1) concentration of CAN, monomer, 
and nitric acid; (2) time; and (3) temperature. 

I N T R O D U C T I O N  

As early as 1937, Flory [ 13 discovered that polymers can be 
modified by grafting of appropriate vinyl monomers by the chain 
transfer process. Many natural polymers such as collagen [ 21 and 
rubber [ 31 have been graft copolymerized using different initiating 
systems. We have reported rafting of various vinyl monomers onto 
starch [ 4-61, cellulose [ 7, 8 !7 and wool [ 9-14] in our previous com- 
munications. Very few studies on grafting onto soluble proteins have 
been made, Recently Imai et al. [ 151 were able to modify ovalbumin 
by grafting polystyrene. Japanese workers [ 161 studied the grafting 
of methyl methacrylate onto blood protein using BusB as initiator. 

457 

Copyright 0 1981 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



458 MISRA, MEHTA, AND SOOD 

Poly(styrene) and poly(acrylonitri1e) were grafted to silk [ 171 by 
gamma irradiation. Nayudamma and co-workers [ 21 have reported 
grafting of methyl acrylate onto collagen using ceric sulfate as 
initiator, 

Gelatin, which results from the loss of structure of collagen, is 
unique among proteins owing to the absence of an appreciable internal 
order. Therefore, in aqueous solution a t  sufficiently high temperature, 
peptide chains take up a random configuration which is analogous to 
the linear chain of synthetic high polymers. In order to explore the 
utility of gelatin and starch in the leather industry, it was found neces- 
sary to modify gelatin through grafting. Recently Santappa et al. 
studied the grafting of ethyl acrylate [ 181 and methyl acrylate [ 191 
onto gelatin using persulfate as initiator. Kuwajima and co-workers 
[ 231 have studied the grafting of methyl methacrylate onto gelatin by 
using potassium peroxysulfate as initiator. 

Grafting onto gelatin may give a product of good mechanical prop- 
erties, high elasticity, and thermal stability, which can be used in 
coating formulations of leather finishes. A comprehensive research 
program has been undertaken in our laboratory to effect grafting of 
a variety of vinyl monomers onto gelatin by using various initiating 
systems that would selectively afford grafting. In our previous work 
on wool grafting [ 9-14] it was observed that both acceptor and donor 
vinyl monomers could be successfully grafted to wool fiber in presence 
of ceric ion initiator. In the present article we report studies on the 
grafting of methyl acrylate onto gelatin by using ceric ammonium 
nitrate (CAN) as a redox initiator. Percent grafting has been deter- 
mined a s  a function of various reaction variables, and the results a re  
reported in Table 1. 

E X P E R I M E N T A L  

M a t e r i a l s  a n d  M e t h o d  

Gelatin (Oxoid, England) was in the form of granules and was used 
as received. Methyl acrylate was washed with 5% NaOH three to four 
times and dried over anhydrous sodium sulfate. Dried monomer was 
distilled and the middle fraction was used. 

Ceric ammonium nitrate (B.D.H.) was used as received, and a 
known weight was dissolved in nitric acid of known strength. Nitrogen 
was purified by passing it through freshly prepared pyrogallol solu- 
tion. 

G r a f t  C o p o l y m e r i z a t i o n  

One gram of gelatin was dissolved in 100 mL of boiled distilled 
water in a three-necked flask. The temperature of the reaction 
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mixture was brought to the water bath temperature. A definite amount 
of catalyst (CAN) was dissolved in a definite volume of HN03 of known 
strength and was added to the reaction flask. Purified nitrogen gas 
was passed through the reaction flask for 30 min. A known weight of 
monomer was added directly to the reaction mixture. Graft copolym- 
erization was carried out at  different temperatures for various reac- 
tion periods. A continuous supply of nitrogen was maintained through- 
out the reaction period. 

After the completion of the reaction, the ingredients were poured 
into acetone and kept for 48 h. The grafted gelatin was precipitated 
out, and any loosely bound homopolymer was dissolved in acetone. 
The grafted gelatin was filtered, dried, and finally weighed. 

Percentage of grafting and efficiency were calculated as follows: 

w1 - wo 
% grafting = x 100 

wo 
w1 - wo 

WZ 
% efficiency = x 100 

where WO, WI, and WZ are the weights of gelatin, grafted gelatin, 
and monomer, respectively. 

E v i d e n c e  of G r a f t i n g  

Evidnece of grafting was obtained from the infrared spectra of 
the grafted copolymers. Pure gelatin has amide absorptions centered 
around 1650 and 1550 cm-' (Fig. 1). Pure poly(methy1 acrylate) has 

MICRONS 

3.0 3.5 4.0 5.0 6.0 8.0 9.0 10.0 15.0 20.0 25.0 2.5 
00r 00 

80 

60 

40 

20 

- 0  
4oM) 3500 3000 2500 2000 1500 1200 1100 1WO 900 800 700 600 500 400 

.70 
1 .o 
0.0. 

FIG. 1. Infrared spectrum of pure gelatin. 
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FIG. 2. Infrared spectrum of gelatin-g-poly(methy1 acrylate). 

absorption due to carbonyl group centered a t  1730 cm-'. Figure 2 
shows the spectrum of the graft copolymer having absorption bands 
due to the amide of gelatin and the ester carbonyl groups of poly- 
(methyl acrylate). 

R E S U L T S  AND DISCUSSION 

In gelatin the reactive groups are primarily hydroxyl, carboxyl, 
and amino functions. These groups are known to form a complex 
with ceric ion. The complex decomposes to generate free radical 
si tes onto gelatin. In analogy with the ceric ion initiated mechanism 
for wool grafting, the following mechanism is proposed to explain the 
grafting of poly(MA) onto gelatin: 

G + ce4+ - Complexl- G' + ce3+ + M+ (1) 

M + Ce4 + G===?= Complex2 __t M' + Ce3+ + H + 

G'+M-GM' ____Lc G(M);+l 

M' +nM - (M)h+l (4) 

G (M)h+l + M - graft 

(2) 

(3) Mn 

(5) 

G (M);+~ + ce4+ -G(M&+~ + ce3+ 
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46 2 MISRA, MEHTA, AND SOOD 

(M);+~ + ce4 ___t +ce3'  

Homopolymer 

where G = gelatin and M = monomer. 

mer to produce graft and homopolymer, respectively. 
Thus it is clear that ceric ion reacts both with gelatin and mono- 

E f f e c t  of C a t a l y s t  C o n c e n t r a t i o n  

It is observed from Table 1 that with an increase in catalyst con- 
centration, grafting increases and reaches a maximum value of 234.27% 
at  a ceric ion concentration of 8.30 X mol/L. With a further in- 
crease in the ceric ion concentration, the percent grafting decreases. 
The decrease in grafting with increasing ceric ion concentration is 
attributed to the fact that at higher concentration the complex forma- 
tion between the monomer and ceric ion assumes predominance over 
that between gelatin and ceric ion. This would be expected since 
methyl acrylate (MA), having a smaller steric requirement, will 
easily enter into complex formation with ceric ion. This would favor 
formation of homopolymer at the cost of grafting. Also, since more 
and more of the monomer is utilized in the complex formation, the 
gelatin macroradical (Go ) does not find enough monomer in its vicin- 
ity to produce the graft. 

E f f e c t  of A c i d  C o n c e n t r a t i o n  

It is observed from Table 1 that there exists an optimum concen- 
tration of acid which affords maximum grafting. Beyond this concen- 
tration of nitric acid, the percent grafting decreases. Nitric acid may 
influence grafting by two factors: 

1. The change in concentration of active species of cerium(1V) 
in the presence of acid 

2. The decrease in the monomer concentration because the equi- 
librium constant for the complex of monomer with ceric ion 
decreases with increasing concentration of acid 

In aqueous medium, ceric(IV) is believed to combine with water in 
the following manner: 

K1 
Ce4' + HzO [ CeOHI3' + H' 

Kz 
2[ CeOHI3' - [ Ce-OCe]" + H' 
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Thus ceric ion exists as [ Ce]", [ CeOHI3', and [ Ce-O-Ce]" in water 
solution. The concentration of these species is found to vary with the 
concentration of the acid. At higher concentration Reactions (8) and 
(9) shift more toward the formation of these species, and the species 
at higher concentration tend to decrease the percent grafting. Termi- 
nation of growing polymeric chains and growing grafted chains [ 20, 
211 by ceric ion is known. 

cate that [ Ce-DCey6', having a larger size, inhibits the formation of 
the complex between ceric ion and the functional groups of gelatin. A 
similar behavior was observed during grafting of methyl acrylate onto 
wool fiber in ceric ion initiated grafting [ 91. Odian and Kho [ 221 have 
also observed that during grafting of a mixture of monomers (VAc and 
AN) on poly(viny1 alcohol) by ceric ion, the percentage of grafting was 
dependent upon the nitric acid concentration. In the absence of nitric 
acid, grafting did not occur. Odian and Kho explained the mechanism 
of grafting by assuming a prior complex formation between ceric ion 
and poly(viny1 alcohol). 

The zero graftin obtained in the absence of nitric acid may indi- 

E f f e c t  of M o n o m e r  C o n c e n t r a t i o n  

It is observed from Table 1 that z2ro grafting is obtained when the 
monomer concentration of 11.0 X 10- 
increase in the monomer concentration, grafting increases steadily 
and reaches a maximum value of 802.53% at a monomer concentration 
of 110.4 X lo-'  mol/L. The zero grafting at low monomer concentra- 
tion indicates that for grafting there exists an optimum monomer 
concentration. Below this concentration, monomer preferentially 
undergoes homopolymerization, and hence no grafting is observed. 
With a further increase in monomer concentration, the percent graft- 
ing increases tremendously. This may indicate that a t  higher mono- 
mer concentration, a larger amount of the growing polymeric chains 
that are formed a r e  involved in generating additional active sites 
onto gelatin by the chain transfer reaction. 

mol/L was used. With a further 

' 

E f f e c t  of T e m p e r a t u r e  

The grafting reactions were carried out a t  temperatures ranging 
from 35-55°C for different time periods. It is observed from Table 1 
that maximum grafting occurred at  45°C. The same temperature was 
found to be optimum when grafting of poly(methy1 acrylate) was carried 
out onto wool using CAN as the redox initiator [ 91. At higher temper- 
atures, homopolymerization was found to be predominant. 

E f f e c t  of T i m e  

The effect of reaction period on percent grafting was  studied. 
Maximum grafting was obtained at a time period of only 60 min. With 
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a further increase in time, grafting increases slowly and then de- 
creases. This may indicate that with an increase in reaction time, 
mutual annihilation of growing grafted chains occurs and leads to a de- 
crease in graft ield. A similar behavior has been reported by 
Santappa et al. f191 during grafting of ethyl acrylate onto gelatin in 
the presence of persulfate initiator. 

Thus, from the foregoing discussion, it is concluded that grafting 
of methyl acrylate onto the globular protein gelatin can be carried 
out successfully by the ceric ion technique. It has not been possible 
to ascertain precisely the nature of the complex formed between ceric 
ion and gelatin. Work along this line is in progress. Since gelatin 
contains -OH and -NH2 a s  major functional groups in the side chain, 
it is believed that both these groups a re  involved in the formation of a 
chelate- type structure with the ceric ion. The temperature depend; 
ence of percent grafting supports the chelate formation between Ce 
and -OH and -NH2 groups of gelatin. Attempts are being made to 
ascertain the relative contribution of each of these functional groups 
in the production of graft copolymerization. The results will be 
communicated in due course. 
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