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p-CU MY LPH ENY L M ETHACRY LATE: 
SYNTHESIS, POLYMERIZATION, AND 
COPOLYMERIZATION 

C. V. Bindushree, B. Venkataramanan, 
R. S. Khisti, and S. Sivaram* 
Division of Polymer Chemistry 
National Chemical Laboratory 
Pune 41 1 008, India 

ABSTRACT 

A new methacrylic monomer from the reaction of methacryloyl 
chloride with p-cumylphenol has been synthesized. The effect of 
sterically bulky p-cumylphenyl group on horn opolymerization and 
copolymerization was examined. In copolymers, p-cumylphenyl 
methacrylate increases the T, of acrylic polymers. The T, of the 
copolymers as determined by DSC agrees with both the Flory-Fox 
and Gordon-Taylor relationships. 

INTRODUCTION 

Poly(methy1 methacrylate) (PMMA) is known for its glass-like transpar- 
ency, good mechanical properties and easy processability. However, in many cases, 
applications of PMMA are limited by its low glass transition temperature (T, 
-lOS0C). 

Among the many strategies available for increasing the T, of methacrylate 
polymers, the most promising is the replacement of the methyl group in the ester 
part of the monomer. Sterically hindered and confornationally rigid cycloalkyl 
groups cause a significant increase in T,. For example, T, varies from 110°C for 
poly(cyclohexy1 methacrylate) [ 11, to 194oc for poly(bornylmethacry1ate) and 
2000C for poly(isoborny1 methacrylate) [2]. Similarly, an increase in polarity of the 
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ester group causes an increase in T , which is observed in 4-cyanophenyl methac- 
rylate (Tg 155°C) 1131. 

p-Cumylphenol [4-(2-phenyl isopropyl)phenol] is a readily available 
industrial chemical whose ester with methacrylic acid could result in an interesting 
acrylic monomer with sterically bulky side chain group. It is therefore of interest to 
study the T, behavior of polymer derived from such a monomer. 

In this paper, we wish to report the synthesis of a new methacrylic mono- 
mer derived from the reaction of methacryloyl chloride with p-cumylphenol as well 
as its homopolymerization and copolymerization behavior. 

EXPERIMENTAL 

Materials 
p-Cumylphenol [4-(2-phenyl isopropyl)phenol], (m.p. 98- 1 OOOC) supplied 

by Herdillia Chemical, (Thane, India), was purified by recrystallization from petrol - 
eum ether. Methyl methacrylate (MMA) and methacrylic acid (Aldrich Chemicals, 
IJSA) were dried over calcium hydride and distilled under nitrogen. Benzoyl chlor- 
ide was supplied by S.  D. Fine Chemicals, India. Triethylamine (Sisco Research 
Lab, India) and hydroquinone (Loba Chemie, India) were used without any further 
purification. Tetrahydofuran (THF) and toluene were distilled and dried over Na- 
benzophenone ketyl. 

Measurements 
FTIR spectra were recorded on a Perkin-Elmer 16PC-FTIR instrument. IH 

NMR spectra were recorded on a Bruker 200 MHz NMR spectrometer in CDC13. 
Melting points (uncorrected) were determined in open capillary tubes using a 
melting point apparatus (Cambell Electronics, India). The inherent viscosity of 1 % 
(w/v) solution of polymer in chloroform was determined at 30°C using an 
automated (Schott Gerate AVS 440, Germany) Ubbelhode viscometer. Differential 
scanning calorimetry was performed on a Perkin Elmer DSC-7 in aluminium pans 
at a heating rate of 20"C/min under nitrogen atmosphere. The sample was heated 
upto 250"C, cooled to room temperature and the T, was recorded during the second 
heating run. Thermogravimetric analysis (TGA) was carried out on a Perkin-Elmer 
TGA-7 at a heating rate of 1O0C/min. 

Monomer Synthesis 
Methacryloyl chloride was prepared by reacting methacrylic acid with 

benzoyl chloride using the reported procedure. p-Cumylphenyl methacrylate was 
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synthesized as follows: a mixture of p-cumylphenol(0.04 mol) in 20 mL THF and 
triethylamine (0.04 mol) was taken in a two-neck round bottom flask equipped with 
a magnetic stirrer, thermometer, and dropping funnel, and then cooled to 0°C. To 
this was added methacryloyl chloride (0.04 mol) in THF dropwise, maintaining the 
temperature at 0-5°C. After complete addition of methacryloyl chloride, the reaction 
was continued for a further period of 1 hour. The reaction mixture was transferred 
to a separating fimnel, washed sequentially with distilled water, 5% NaOH solution 
and water. The solvent was evaporated and the resulting monomer purified by 
column chromatography (neutral alumina), using petroleum ether as elutant. 
(yield-80%). IR, (nujol, cm-I), ester carbonyl C=O 1740, olefinic CH2 band, 1630 - 
1420, 1H NMR (6, CDC13), 7-7.2 (m, 2H, aromatic) and 7.3-7.5 (m, 7H, 
aromatic), 5.5-6.5 (m, 2H, olefinic), 2.3 (s, 3H, CH3,), 1.7 (s, 6H, 2CH3 between 
phenyl rings). 

Polymerization 
Free radical polymerization was carried out in a sealed tube in the presence 

of benzoyl peroxide as an initiator in dioxane at 80 f 2°C for various intervals of 
time. The resulting polymer was isolated by precipitating in methanol and dried 
under vacuum for 24 hours. 1H NMR (6, CDClq, 7-72! (m, 2H, aromatic) and 7.3 - 
7.5 (m, 7H, aromatic), 2.3 (d, 2H, CH2), 1.7 (9H, 3CH3). 

Copolymerization 
The copolymerization of p-cumylphenyl methacrylate with MMA using 

different mole % of p-cumylphenyl methacrylate was carried out in a sealed tube at 
80 f 2°C in dioxane solution for 15 hours. For estimating monomer reactivity 
ratios, copolymerization experiments were terminated ;It less than 2% conversion. 
The resulting copolymers were purified by dissolving in dioxanc and reprecipitation 
from methanol. The composition of the copolymers were determined by 'H NMR, 
[4] (Figure 1). 

RESULTS AND DISCUSSION 

The polymerization of p-cumylphenyl methacrylate (CPMA) was per- 
formed in dioxane at different monomer to initiator ratios performed (Table 1). The 
molecular weight of the resulting polymer increased with decreasing initiator 
concentration. 

A homopolymer of CPMA with an inherent viscosity of 0.5 dL/g and T, 
of 135°C could be readily obtained. The effect of sterically bulky ester substituent 
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Figure 1. 'H NMR of poly (MMA-co-CPMA) 
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TABLE 1. Homopolymerization of p-Cumylphenyl Methacrylate (CPMA)a 

0.833 

0.357 

0.892 

0.892 

0.892 

No 

1 

2 

3 

4 

5 

6 

7 

11 

35.5 

8.8 

5.4 

2.7 

peroxide 

0.892 

0.892 

Initiatior: 

Monomer 

ratio,x 10' 

13.2 

99 

9.9 

6.1 

3.0 

1.5 

0.75 

Time, 

h 

12 

15 

15 

15 

15 

15 

15 

a: Polymerization was carried out in dioxane at 80+2"C. 
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Figure 2. 
@ calculated using Gordon-Taylor equation, A calculated using Fox-Flory equation 

Dependence of T, on mole % of CPMA experimental values, 

on T, is clearly observed. The higher T, is a result of the inhibition of free rotation 
of the chain segments by the p-cumylphenyl side group. The T, of PMMA of a 
similar q I n h  is loo°C, where as Tg of poly(pheny1 methacrylate) is 110°C (q,,,h = 

0.24) 151. 

CPMA 

‘The copolymerization behavior of CPMA was studied with MMA as the 

The T,’s of the copolymers were determined by DSC. The T, ‘ s  were cal- 
culated using the Fox-Flory [6] and Gordon-Taylor [7] equations. The Gordan- 
‘Taylor equation was linearized using the relationship: 

second comoiiomr‘r. The results are shown in Table 2. 

Where: T g ~  = T, of MMA, T,H = T, of CPMA, W A  = weight fraction of 
MMA, w B = weight fraction of CPMA, C is a crosspoint which is obtained by a 
plot of Tg -T,A vs (T,B-T, (w,A,/wB) through linear regression. The T, was calcu- 
lated using the fitting parameter, C = 1.85. 
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Figure3. 
fraction of CPMA in feed (Mi) 

Plot of mole fraction of CPMA in copolymer (mi) by NMR vs mole 

The Tgls calculated by Gordon-Taylor and Fox-Flory equations were in 
good agreement with the experimentally observed values (Figure 2). 

The reactivity ratios for the copolymerization of CPMA(M I ) ,  with 
MMA(M2), using low conversions (>S%) was evaluated by the method of Kelen- 
Tudos [S] using the data shown in Table 3. The values were found to be 
rl,(CPMA) = 0.637 t- 0.147 and r2 (MMA) = 0.43(0.25 (ri. r2 = 0.27). 

The plot of monomer feed ratio and the copolymer composition (Table 3) 
determined by *H NMR is linear passing through the origin indicating almost azeo- 
tropic behavior (Figure 3). The copolymer is random in nature. 

CONCLUSIONS 

A significant increase in T, of PMMA is observed when the methyl group 
in the ester earbonyl of the methacrylate is substituted by a sterically bulky cumyl 
phenyl group. Thc T, of the copolymers showed a gradual increase with an increase 
in the mole YO of CPMA. The reactivity ratios of monomers have been determined 
by the Kelen-Tudos method. The experimentally observed T, of the copolymers 
agrees reasonably well with those the values obtained using the Gordon-Taylor and 
Fox-Flory equations. 
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