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Synthesis of Casein-g-Poly(n-butyl Methacrylate) 

D. MOHAN, GANGA RADHAKRISHNAN, and S. RAJADURAI 

Polymer Division 
Central Leather Research Institute 
Adyar, Madras 600020, India 

A B S T R A C T  

The graft copolymerization of n-butyl methacrylate onto casein 
initiated by peroxydisulfate in aqueous medium has been investi- 
gated and the results are discussed in the light of percent grafting, 
grafting efficiency, rates of conversion of monomer, and graft co- 
polymerization. 

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

The properties of proteins can be modified effectively by grafting 
various acrylate monomers onto them. Modification of natural poly- 
mers [l-51 and synthetic polymers [6-81 by grafting technique has been 
extensively studied. Various initiating systems [4, 8- 121 have been t r ied 
with varying degree of success.  For efficient grafting onto natural poly- 
meric backbones such as s tarch [ 13- 151 , cellulose [16, 171, and wool [ 181, 
various redox systems have been found to be effective. Persulfates [l-31 
are found to be effective in initiating graft copolymerization. However, 
relatively few studies [l-51 have been carr ied out in the graft copolym- 
erization of acrylate monomers onto casein. Hence, a systematic study 
on the graft  copolymerization of n-butyl methacrylate onto casein has  
been investigated and the resul ts  are discussed in the light of percent 
grafting, grafting efficiency, rates of conversion of monomer, and graf t  
copolymerization. 
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E X P E R I M E N T A L  

M a t e r i a l s  

Casein (E. Merck, G.R. ) and potassium peroxydisulfate (E. Merck, 
G.R.) were used as such in this investigation. Monomer, n-butyl meth- 
a c r  late (n-BMA) (BDH, England) was purified by f i r s t  washing with 
6-8k sodium hydroxide solution to remove the inhibitor, then by distilled 
water, and dried over anhydrous calcium chloride. The monomer was 
distilled under vacuum and the middle fraction of the distillate was used 
for  graft copolymerization. 

G r a f t i n g  P r o c e d u r e  

A known amount of casein was dispersed in water at constant s t i r r ing 
under nitrogen atmosphere and thermostated at the required tempera- 
ture. After sufficient time, n-butyl methacrylate was added followed by 
the initiator, potassium peroxyodisulfate. After a sufficient t ime interval, 
the reaction was quenched to 4 C and then the products were filtered 
through a weighed sintered crucible and dried in vacuum to a constant 
weight. The unbound homopolymer was then Soxhlet extracted using 
methyl ethyl ketone as solvent and dried in vacuo to constant weight. 
The infrared spectra of pure casein and the grafted casein were ob- 
tained with a Perkin-Elmer Model 337 grating spectrophotometer. 

C a l c u l a t i o n s  

The percent grafting (PG) and grafting efficiency (GE) were calcu- 
lated as follows: 

weight of poly (n-BMA) grafted 

weight of casein 
Percent grafting (PG) = x 100 

weight of poly( nBMA) grafted 

weight of poly (nBMA) grafted 
+ weight of unbound 

homopoly (nBMA) 

Grafting efficiency (GE) = x 100 

R E S U L T S  AND D I S C U S S I O N  

The influence of concentrations of monomer, initiator, and back- 
bone, and the effect of temperature on the graft copolymerization of 
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n-butyl methacrylate onto casein were investigated and the resul ts  are 
discussed. 

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

The dependence of the grafting on the concentration of n-butyl meth- 
acrylate was studied within the range of 0.13-0,76 M and the resul ts  
are depicted in Fig. 1. The percent grafting (PG),The rates of conver- 
sion of monomer ( R  ), and the graft copolymerization ( R  ) increase 
with the concentration of monomer. Similar observations were also 
made in ou r  earlier investigations [ 1- 51. These may be due to  the fact 
that a larger  number of monomer radicals is available at higher con- 
centrations of monomer and thereby increases PG, R 

in concentrated monomer solution, the occurrence of chain t ransfer  to 
monomer may take place, leading to increased formation of homopoly- 
(nBMA) and consequent loss  of grafting sites [ 191 along casein. In addi- 
tion, the solubility restriction might place a limit  on the length of the 
grafted chain. F rom highly swollen polymers, graft removal is possible, 
leading to increased homopolymer formation [20-223. A s  a result  of 
this  the rate of homopolymerization, R 
polymerization, R Further ,  the relative increment in R is g rea t e r  
than that of R , resulting in an observed decrease in grafting efficiency. 

P g 

and R Further,  
P’ g’ 

is higher than that of graft  co- h’ 
g‘ h 

g 

E f f e c t  o f  I n i t i a t o r  C o n c e n t r a t i o n  

Percent grafting, grafting efficiency, the rates of conversion of mono- 
m e r ,  and graft copolymerization were found to increase with the initial 
concentration of peroxydisulfate (Fig.  2), which is in good agreement 
with our  earlier resul ts  [2, 4, 53. With an increase in peroxydisulfate 
concentration, more active radicals such as SO4’- are created at 
higher ra tes ,  and they are utilized in graft copolymerization. However, 
beyond an optimum initiator concentration, annihilation of pr imary radi- 
cals is involved. Hence, R R , and PG decrease.  Further,  the rela- 
tive decrease in R is higher than that in Rh, leading to a downward dr i f t  

in GE. 

P’ g 
g 

E f f e c t  of  B a c k b o n e  C o n c e n t r a t i o n  

The increase in the concentration of casein accelerates the rates of 
conversion of monomer, graft copolymerization, and percent grafting 
initially, while it increases  the grafting efficiency continuously (Fig. 3), 
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FIG. 1. PG: Plot of percent grafting ve r sus  monomer concentra- 
tion (reaction conditions: [S20:-] = 1 X lo-' M, [casein] = 0.6667 X 

lo-' M, total volume 50 mL, 60"C, and reaction t ime 90 min). GE: 
Plot 3 grafting efficiency ve r sus  monomer concentration (reaction 
conditions: [casein] = 0.6667 X lo-' - M, [ S 2 0 1 - ]  = 1 X - M, total 

volume 50 mL, 60°C, and reaction t ime 90 min). R : Plot of ra te  of 

conversion of monomer versus  monomer concentration (reaction con- 
ditions: [S20;-] = 1 X lo-' - M, [casein] = 0.6667 X lo-' M, - total 
volume 50 mL, 60°C, and reaction t ime 90 min). R * Plot of rate of 

graft copolymerization ve r sus  monomer concentration (reaction con- 
ditions: [ S z O i - ]  = 1 X lo-' - M, [casein] = 0.6667 X 

volume 50 mL, 60°C, and reaction t ime 90 min). 

P 

g '  

- M, total 

as i n  our earlier studies [ 1- 51. The increase in backbone concentra- 
tion leads to a l a r g e r  number of grafting sites along casein and there- 
by increases  R 

in R is higher than that of Rh. A s  a consequence of this, GE increases.  

R , and PG initially. Further,  the relative increment 
P' g 

g 
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FIG. 2. PG: Plot of percent grafting versus  initiator concentration 
(reaction conditions: [nBMA] = 0.4431 M, [casein] = 0.6667 X lo-' M, 
total volume 50 mL, 60°C, and react ionTme 90 min). GE: Plot of 
grafting efficiency versus initiator concentration (reaction conditions: 
[nBMA] = 0.4431 M, [casein] = 0.6667 X lo-' M, total volume 50 mL, 
60°C, and react iont ime 90 min). R * Plot ofTate of conversion of 

P' 
monomer versus  initiator concentration (reaction conditions: [nBMA] 
= 0.4431 M, [casein] = 0.6667 X M, total volume 50 mL, 60°C, 
and reactyon t ime 90 min). R * PlotTf rate of graft copolymerization 

P' 

- 

v 

versus initiator concentration (reaction conditions: [nBMA] = 0.4431 
M, [casein] = 0.6667 X lo-' M, total volume 50 mL, 60°C, and reaction 
t ime 90 min). 

- - 

However, an increase in the concentration of casein beyond the optimum 
value leads to deactivation of the casein radical by mutual termination 
between backbone and pr imary radicals, which is reflected in the down- 
ward drift in R R , and PG. Further,  the relative decrease in R is 

smaller  than that in Rh, resulting in a continuous increase in GE even 
beyond the optimum concentrations. Similar observations have been 
reported in l i terature [ 1- 5, 13- 151. 

P' g g 
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FIG.  3. PG: Plot of percent grafting versus  backbone concentra- 
tion (reaction conditions: [nBMA] = 0.4431 - M, [ S 2 0 i - ]  = 1 X lo-' - M, 
total volume 50 mL, 60°C, and reaction t ime 90 min). GE: Plot of 
grafting efficiency versus  backbone concentration (reaction conditions: 
[nBMA] = 0.4431 M, [S 0 '-1 = 1 X lo-' - M, total volume 50 mL, 60°C, - 2 8  
and reaction t ime 90 min). R : Plot of rate of conversion of monomer 

versus backbone concentration (reaction conditions: [nBMA] = 0.4431 
- M, [SzO:-] = 1 X lo-' - M, total volume 50 mL, 60°C, and reaction 
t ime 90 min). R : Plot of rate of graft copolymerization versus  back- 

bone concentration (reaction conditions: [nBMA] = 0.4431 - M, [S20:-] 

= 1 X lo-' - M ,  total volume 50 mL, 60°C, and reaction t ime 90 min). 

P 

g 

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

An increase in temperature in the grafting of n-BMA onto casein, 
while keeping the concentrations of monomer, initiator, and backbone 
and time constant, was found to influence the rates  of conversion of 
monomer and graft copolymerization, percent grafting, and grafting 
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FIG. 4. PG: Plot of percent grafting versus temperature (reaction 
1 X M, [casein] = conditions: [nBMA] = 0.4431 - M, [S20:-] = - 

0.6667 X 
Plot of graftingefficiency versus temperature (reaction conditions: 
[nBMA] = 0.4431 - M, [S20;-] = 1 X - M, [casein] = 0.6667 X lo-' 
M, total volume 50 mL, and reaction time 90 min). R : Plot of rate 

P 
of conversion of monomer versus temperature (reaction conditions: 
[nBMA] = 0.4431 M, [ S 2 0 i - ]  = 1 X lo-' M ,  - [casein] = 0.667 X 

M, total volume 50 mL, and reaction time 90 min). R * Plot of rate 
g ' 

of graft copolymerization versus temperature (reaction conditions: 
[nBMA] = 0.4431 M, [S20;-] = 1 X M, [casein] = 0.667 X lo-' 
M, total volume 50 mL, and reaction time 90 min). 

M ,  total volume 50 mL, and reaction time 90 rnin). GE: 

- 

- 

- - 
- 

efficiency up to 70°C, as in normal polymerization (Fig. 4). Similar 
observations have also been cited in the literature [l-51. However, 
an increase in temperature beyond 70°C leads to termination of grow- 
ing radicals by primary radicals, and thereby decreases percent graft- 
ing, grafting efficiency, rates of conversion of monomer, and graft co- 
polymerization. 

Proof of grafting was obtained by comparing the infrared spectra 
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FIG. 5. (a) IR spectra  of pure casein. ( b )  IR spectra  of poly(n- 
butyl methacrylate). (c)  IR spectra  of casein-g-poly( n-butyl meth- 
acrylate). 

of graft copolymerization and pure casein (Fig. 5). The additional 
peak at 1750 cm-' in the grafted casein establishes proof of graft  co- 
polymerization of poly (n-butyl methacrylate) onto casein. Further  
proof of grafting was obtained from the ninhydrin test and selective 
solvent extraction [ 1- 5, 231. 
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