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Photopolymerization of Methyl 
Acrylate in Dimethyl Sulfoxide 

K. ESKINS, F. DINTZIS, and M. FRIEDMAN* 
Northern Regional Research Laboratory 
Agricultural Research Service 
US. Department of Agriculture 
Peoria, Illinois 61604 

SUMMARY 

Methyl acrylate in dimethyl sulfoxide was polymerized by 2537 A ultra- 
violet light. The photo reaction exhibited zero-order kinetics for a given 
initial concentration and produced short chain polymers (aw - 20,000). 
Low sulfur values of isolated polymers indicated no appreciable solvent 
incorporation during the polymerization. 

INTRODUCTION 

Grafting styrene to gluten protein [ 11 showed the feasibility of photo 
graft polymerization reactions in dimethyl sulfoxide (DMSO); however, large 
amounts of styrene were necessary to effectively compete with solvent in- 
corporation. In order to gain more information on the photoaddition of 
this solvent to polymers, we explored the usefulness of DMSO as a solvent 
for the homopolymerization of methyl acrylate initiated by 2537 A UV light. 

*Present address: Western Regional Research Laboratory, Albany, 
California 94706. 

543 
Copyright @ 1971, Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



544 ESKINS, DINTZIS, A N D  FRIEDMAN 

EXPERIMENTAL 

Reagents 

Methyl acrylate (Eastman practical) was distilled under vacuum before 
use. DMSO (Baker analyzed grade) was used as received. 

Polymerization Procedure 

Solutions of freshly distilled methyl acrylate in DMSO (0.138, 0.276, 
0.522 M) were photolyzed up to 1 hr in quartz test tubes (20 X 175 mm). 
The tubes were rotated inside a Rayonet photochemical reactor at a dis- 
tance of 6 cm from the light sources (16 RPR-2537 A). After photolysis, 
the solutions were quenched with hydroquinone and the remaining con- 
centration of monomer was determined by gas chromatography. The 
solutions were then dialyzed against 70% ethanol to remove the remaining 
monomer and DMSO. After dialysis the solutions were lyophilized, and 
the resulting solid was purified by precipitation from a 2-butanone solution 
with cold methanol. 

Molecular Weight Determinations 

To determine molecular weights of the purified polymers we measured 
their intrinsic viscosity [a], which was then related to weight-average 
molecular weight, Mw, from equations in the literature. The equation, 
[qI2 'o  = 1.41 X lo-" MWoe6', obtained by Kotera et al. [2] from measure- 
ments on fractions within a Mwfange of (1.7-6.8) X lo5 , agrees well with the 
equation, = 3.5 X lo-' MWo*B1, obtained by Soboleva et al. [3] 
from measurements on fractions within a Mw range of (0.6-24) X lo'. 
Since our viscosity measurements were made at 2S°C, we used Kotera's 
equation to calculate Mw values. Because the validity of the above 
equation is unknown at the low [a] values encountered in our work and 
because our samples were not fractionated, the Qw values given in Table 1 
should be considered as qualitative. 

RESULTS 

The decrease in monomer concentration with respect to time is shown 
in Fig. 1 for three initial concentrations of methyl acrylate. Each re- 
action, for a given initial monomer concentration, follows zero-order 
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Table 1. Intrinsic Viscosities and Molecular Weights of 
Polymethyl Acrylate 

Samvle 
Photolysis time 

Molarity (min) [ 9 1 2 s o  MW 

0.552 20 0.104 k 0.002 1 . 9 ~  104 

0.552 40 0.118*0.002 2.3 x 104 

0.552 60 0.11 8 * 0.002 2.3 x 104 

0.276 40 0.1 I0 k 0.002 2.1 x 104 

0.276 60 0.100 f 0.01 1 . 8 ~  lo4 

0.138 60 -0.077 1 . 2 ~  104 

kinetics. The rate depends, however, on the initial concentration of 
monomer in a nonlinear fashion (Fig. 2). Intrinsic viscosities were 
measured on samples after 20,40, 60 min of photolysis time for each 
of the three initial monomer concentrations, and then Mw was calculated 
(Table 1). Amounts of material lost by dialysis (Mw < 10,000) are in- 
dicated by the difference between the weight of product isolated after 
dialysis and weight of product calculated from gas chromatography of 
unconsumed monomer (Table 2). 

DISCUSSION 

The photopolymerization of methyl acrylate in DMSO proceeded at a 
constant rate for a given initial monomer concentration and produced 
low-molecular weight polymers whose average molecular weight did not 
exceed 22,000. A high percentage of the polymer formed (2040%) was 
of sufficiently low molecular weight to be lost by dialysis and, therefore, 
was not characterized or represented in Rw determinations. 

Linearity of plots for each of the three lines suggests that once the re- 
action has started, the rate follows zero-order kinetics for each. Because 
slopes of the three lines differ however, the rate must be influenced by 
the initial concentration of monomer (Fig. 2). Dependence of the kinetics 
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Fig. 1. Amount of monomer consumption for three initial concentrations 
as a function of photolysis time. 
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Fig. 2. Rate of photopolymerization as a function of initial monomer 
concentration. 

on the initial monomer concentration may be due either to assistance 
by the monomer in the termination step or to hindrance by the 
monomer in the initiation step. 

Sulfur analysis of the recovered polymer gave values of 0.344% and 
indicated a low level of solvent participation in the polymerization. The 
lack of solvent reactivity can be contrasted with the photolysis of protein 
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Table 2. Amounts of Polymethyl Acrylate 

Sample Product Product 
Photolysis time calculated found 

Molarity (g) k) 
0.552 20 0.25 0.13 

0.552 40 0.49 0.3 1 

0.552 60 0.74 0.60 

0.276 20 0.19 0.08 

0.276 40 0.39 0.20 

0.276 60 0.59 0.34 

0.138 40 0.24 0.1 5 

0.138 60 0.36 0.21 

in DMSO [4] where hgh percentages of sulfur were incorporated. 
also be contrasted with the photolysis of protein in DMSO-styrene mixtures, 
were large amounts of styrene [ 10-15% (vlv)] were necessary to compete 
effectively with DMSO for the reactive site on the protein during the photo 
graft polymerization of styrene to gluten [ 11 . Apparently, DMSO is 
primarily a photo reactive solvent in the presence of protein functional 
groups, but it is not incorporated during the photo homopolymerization of 
methyl acrylate in dilute solution. 

It can 

The mention of firm names or trade products does not constitute an 
endorsement by the U.S. Department of Agriculture over other products or 
firm names not mentioned. 
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