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LETTER TO THE EDITOR 

Crystallinity in Free Radical Polymerized 
Poly(viny1 pt-butylbenzoate) 

Vinyl polymers prepared by free radical polymerization at elevated tem- 
peratures are in general noncrystalline materials. Notable exceptions are 
polymers obtained from vinyl compounds with relatively small sub- 
stituents (e.g., polyvinyl alcohol, polyvinyl chloride) or with long straight 
chain substituents (polyvinyl stearate [ 11 ). In this letter we want to report 
some observations of crystallinity in a free radical polymerized poly(viny1 
ester) with a bulky substituent, poly(viny1 p-t-butylbenzoate). 

Earlier observations on the silicon analog, poly(viny1 p-trimethylsilyl 
benzoate) have shown the existence of some crystallinity (DTA, x-ray, 
polarizing microscope) in a sample polymerized with a,a’-azobisisobutyr- 
onitrile at 70°C [2].  It was thus considered interesting to investigate the 
corresponding C-pendant, viz., poly(viny1 p-t-butyl benzoate). This polymer 
was said to have a glass transition temperature of 101°C [3] and a melting 
temperature was not reported. 

Different poly(viny1 p-t-butylbenzoates) were prepared by bulk polymer- 
ization of the GC-pure monomer at 70°C using different amounts of a,a’- 
azobisisobutyronitrile as initiator. After two hr, the polymerization was 
stopped and the reaction mixture dissolved in benzene. The polymer was 
precipitated in methanol and dried at 50°C under vacuum. 

The DTA’s (Fig. 1) showed glass transition temperatures at 140”C, onset 
of crystallization, and melting points at 326°C followed by decomposition 
(Table 1). In the polarizing microscope, all four samples were found to be 
partially crystalline. X-ray diffraction failed to detect crystallinity in the 
two lower molecular weight Samples I11 and IV, but gave two sharp lines 
in the Debye-Scherrer diagram of the high molecular weight Samples I and 
I1 (Fig. 2). 

Sample I was hydrolyzed and the PRS of the poly(viny1 alcohol) taken 
in D 2 0  at 39°C using a 100 MHz Varian apparatus. The a proton when 
decoupled from the p protons exhibited 3 components corresponding to 
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*C 

Fig. 1. DTA traces of poly(viny1 p-t-butylbenzoates); 19 mg samples, speed 
20"C/min. (Symbols I-IV correspond to those given in Table 1). 

Table 1. Weight-Average Molecular Weights Mw (Light 
Scattering, 2SoC, Toluene), Intrinsic Viscosities [q]  (25OC, Toluene), 

Glass Transition Temperatures Tg, and Melting Points Tm 
(both DTA) of Poly(viny1 p-t-Butylbenzoates) Prepared in Bulk at  70°C 

Using Different Amounts of &,a'-Azobisisobutyronitrile AIBN 

Polymer 

AIBN ~ O - ~ M ~  [91 Tg Tm 
No. (mole %) (glmole) (ml/g) (" C) (" C) 

I 0.15 3000 147.6 140 325 

I1 0.30 1900 108.1 140 327 

111 1.5 5 50 50.65 140 326 

IV 3.0 210 30.05 140 327 
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Fig. 2. Debye-Scherrer diagrams of Samples I1 and IV. 

syndiotactic, heterotactic, and isotactid triads [4] . The mole fractions of 
the triads were determined using a DuPont Curve Resolver giving Xss = 0.34, 
Xis = 0.46, and Xii = 0.20. The mole fractions of the diads as calculated 
from the 0 protons decoupled from the 01 protons were Xs = 0.57 and 
Xi = 0.43. The diad fractions calculated from triad fractions using Xi 
= Xii t 0.5Xis and Xs = Xss t 0.5Xis, respectively, were found to be 
exactly the same (X, = 0.57, Xi = 0.45). The sample is thus of low 
stereoregularity. Consequently, the number-average sequence lengths [ 5 ,  61 
of isotactic diads (Lj)n = 2 Xi/Xis = Xi/(X, - Xss) = 1.9 and syndiotactic 

The crystallinity observed is very probably due to the presence of small 
diads (I& = 2 XSfXis = 2.4. 

fractions of long stereoregular sequences which can in principle be cal- 
culated from the sequence length distribution curve if the diad and triad 
fractions and the mechanism of stereocontrol are known. lnspection of the 
diad and triad fractions showed the mechanism to be nearly but not exactly 
Bernoullian. A correlation between sequence lengths sufficient to induce 
crystallization requires more complete knowledge of the mechanism of 
stereocontrol in free radical initiated polymerization of vinyl t-p-butylbenzoate. 
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