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Photopolymerization of Acrylonitrile: 
Benzophenone-lsopropanol System as Initiator 

C. P. MURTHY, B. SETHURAM, and T. NAVANEETH RAO* 

Department of Chemistry 
Osmania University 
Hyderabad 500007, India 

A B S T R A C T  

Irradiation of benzophenone in the presence of a suitable hydrogen 
donor like alcohol leads to benzpinacol and the ketone as sole prod- 
ucts. This reaction proceeds through ketyl radical intermediates. 
This photoredox system may be used for photopolymerization. 
Photopolymerization of acrylonitrile using isopropanol and benzo- 
phenone combination as initiator has been studied. The formation 
of the polymer is directly proportional to irradiation time, [acrylo- 
nitrile] and [isopropanoll . The rate of polymerization increases 
with an increase in concentration of benzophenone to an optimum 
and a further increase in benzophenone concentration decreases the 
polymerization rate. A suitable mechanism is suggested. 

Irradiation of benzophenone (BP) in the presence of a suitable H- 
donor leads to benzpinacol and the oxidized alcohol, viz., aldehyde o r  
ketone, as the sole products. This reaction proceeds through ketyl 
radical intermediates. Such photoredox systems may be considered 
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as  potential initiators of vinyl polymerization, and the work of Hirano 
et  al. [l] merits special mention. We now report results on the kinet- 
i cs  of photopolymerization of acrylonitrile (AN) using isopropanol 
(IPA) and benzophenone combination as the initiators. 

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

AN and the solvents were purified by standard procedures. BP was 
purified by recrystallization from ethanol. Photolysis was carried out 
by using a 500-W medium pressure mercury lamp with an intensity 
stabilizer (Hannovia make) which had contact with a cooling system. 
Pyrex tubes (20 mL) were used in a semicircular stand such that the 
distance of each tube from the source was  the same. Standard ferri- 
oxalate actinometry [2] was used to measure the light intensity, The 
sample solution was 10 mL. Before irradiation, the sample solution 
was  deaerated by bubbling with oxygen-free nitrogen for 15 min. After 
irradiation the sample solution was filtered through a G 4 sintered 
crucible, dried at 30°C for  24 h,  and weighed. The molecular weight 
of polymer was  determined from the viscosity measurements of a 
0.1% solution of poly(AN) in dimethylformamide by using the Mark- 
Houwink-type [3] relationship between limiting viscosity number and 
the molecular weight of polymers: 

[q] = 2.43 X lo-* M0'66 at 25°C 

R E S U L T S  AND DISCUSSION 

Polymerization did not take place when AN, BP, and IPA were kept 
in the dark. There was  no polymerization even on irradiating the re- 
action mixture containing BP and AN in dioxane medium. Exposing 
the monomer to light in the presence of BP and IPA resulted in the 
formation of poIy(AN). The formation of the polymer linearly in- 
creased with increasing irradiation time when containing fixed amounts 
of IPA and AN and at various concentrations of BP (Fig. 1). The slope 
of these lines gives the polymerization rates. Because these irradia- 
tions were carried out in Pyrex tubes, the radiation below.300 nm is 
cut out, and of the radiation above 300 nm, the 360 nm band is most im- 
portant. The extinction coefficient of BP at 366 nm is about 100 M-' 
cm-'. Under the present experimental conditions, the benzpinacol for- 
mation proceeds at an insignificant rate. One important observation 
that can be made from Fig. 1 is that the rate of polymerization in- 
creases  with an increase in concentration of BP to an optimum and 
any further increase results in a decrease of the polymerization rate. 
The polymerization rate increases with an increase in isopropanol 
concentration (Fig. 2 )  in 1,4-dioxane when the concentrations of BP 
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FIG. 1. Effect of irradiation time on polymer yield in 2-propanol 
solutions with 0.01 M (A) ,  0.001 M (B), and 0.1 - M (C) benzophenone. - - 

and AN is kept constant. When [AN] varied from 0.75 to 3 M while 
[BPI and [IPA] were kept constant, the rate of po lymer i za th  in- 
creased linearly with [AN] at low concentrations (Fig. 3). At high 
concentrations this attained a steady value which may be due to olefin 
quenching of the excited aromatic ketones. 

The absence of polymer formation in the absence of IPA indicates 
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742 MURTHY, SETHURAM, AND RAO 

FIG. 2. The dependence of polymerization on 2-propanol in DMSO 
solution with 0.01 M benzophenone and 3 M acrylonitrile. Reaction 
time, 100 min; reaction mixture, 10 mL.- 

that there is no direct photosensitized reaction between BP and AN. 
The increase in the rate of polymerization with an increase in [IPA] 
suggests that the initiator comes from the reaction between BP and 
IPA. It is well known that BP abstracts a proton from IPA, yielding 
ketyl radicals [4]:  
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[AN] (rnol/L) 

FIG. 3. The dependence of polymer formation on the monomer con- 
centration in 2-propanol solution with 0.01 M benzophenone. Reaction 
mixture, 20 mL; reaction time, 100 min. 
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CH3 A r  CH3 

CH3 A r  CH3 
BP ( T I )  + , \CH-OH - )C-OH+ ‘&OH , (3) 

OH OH 
A r  I I  
A r  I 1  

2 > C-OH - Ax-C--C---Ar 

A r  A r  

( 4 )  

2 (CH3 X-C-OH (CH3 )z-C=O + (CH3 1z-C (H)--OH ( 5) 

BP ( T i )  + Q BP (So) ( 6) 

where Q is ground state BP o r  AN. 

stant [IPA] and [AN] the increase in [BPI increased the polymeriza- 
tion to an optimum value and a further increase in [BPI decreased the 
rate of polymerization (Fig. 1). The increase in the rate of polymer- 
ization with an increase in [BPI may be the direct effect of an increase 
of excited molecules and thereby the number of free radicals. At  very 
high [BPI the self-quenching step (6) also assumes importance. Due 
to extended conjugation, the diary1 ketyl radical is more stable than the 
dimethyl ketyl radical. Hence, polymerization may be considered to be 
the result of aryl  ketyl radical initiation. 

Either of the ketyl radicals may initiate polymerization. At  con- 
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