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Thermal Decomposition and Glass Transition 
Temperature of Poly(ethy1 Methacrylate) 
and Poly(n-butyl Methacrylate) 

S. L. MALHOTRA,* LY MINH, and L. P. BLANCHARD 

GToupe de Recherches en Sciences Macromol6culaires 
Departement de Genie Chimique 
Faculte des Sciences e t  de Genie 
Unive r s i  te Gaval 
Quebec, Quebec, Canada G1K 7P4 

A B S T R A C T  

The thermal decomposition and the glass  transition temperature 
of poly(ethy1 methacrylate) (PEMA) and poly(n-butyl methacrylate) 
(PnBuMA) were studied with a differential scanning calorimeter 
(DSC). The undecomposed and decomposed polymers were anal- 
yzed by gel permeation chromatography (GPC) for  'molecular 
weight distributions and by DSC for  changes in the thermal prop- 
e r t ies  and glass transition temperature, T For  all values of 

weight loss, cr, the thermal stability of the polymers follows the 
order  poly(methy1 methacrylate) (PMMA) > PEMA > PnBuMA 
> poly(isobuty1 methacrylate) (PiBuMA) suggesting that, a s  the 
bulk size of the substituent increases, the thermal stability de- 
creases.  GPC molecular weight distribution data show that PEMA 
decomposition i s  dominated by depolymerization. Isothermal 
decomposition of PnBuMA is also depolymerization controlled. 
A major part of the low molecular weight fraction (Mw x = 

g' 

*Present address: Xerox Research Centre of Canada, 2480 Dunwin 
Drive, Mississauga, Ontario, Canada L5L 1J9. 
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5 60 MALHOTRA, LY MINH, AND BLANCHARD 

76 to 96, mn X = 52 to 74) volatilizes yielding monomer, 
whereas a minor part of the same fraction undergoes chain re- 
com-binations yielding higher molecular weight products with 
an M X 10- of 8.0 and an Mn X of 6.0. Activation energy 
values of decomposition for  PEMA (58 kJ/mol) and PnBuMA 
(70 kJ/mol) (at infinite molecular weight) are lower than those 
reported in the literature. Tg, of 345 i 5 K for  PEMA and 293 
f 5 K for PnBuMA are  in good agreement with the l i terature values. 

W 

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

Data on the thermal degradation [ 11 and the glass transition tern- 
perature ( T  ) [ 2-12] of poly(ethy1 methacrylate) (PEMA) has been 

g 
reported. Limited data are also available on the thermal degradation 
[ 1, 13, 141 and the T [ 2, 5, 7-10, 15-17] of poly(n-butyl meth- 

g 
acrylate) (PnBuMA), Grassie and McCallum [ I] observed that the 
thermal degradation behaviors of PEMA and PnBuMA a r e  quite simi- 
lar. Sazanov e t  al. [ 131 reported that the thermal degradation of poly- 
(isobutyl methacrylate) (PiBuMA) i s  very s imilar  to that of PnBuMA. 
In another study [ 181 on the thermal decomposition of poly(methy1 
methacrylate) (PMMA) and PiBuMA, it was shown that although the 
overall degradation patterns of polyalkyl methacrylates (PAMA) are 
similar, there a r e  subtle differences observed in the gel permeation 
chromatographic (GPC) studies of the undecomposed and decomposed 
products of PAMA. For  instance, in the isothermal decomposition 
of PMMA at low temperatures (235°C) and percent weight loss  (a = 
lo%), the longer polymer chains depolymerize f i r s t  and are followed 
by the shorter chains. In the case of the isothermal decomposition 
of PiBuMA however, the reverse was observed: the shorter  chains 
depolymerize first, then the longer ones. Furthermore, some of the 
shorter chains a re  found to undergo chain recombinations, yielding 
very high molecular weight products. 

It was thought that it would be of interest to follow the thermal 
decomposition of atactic samples of PEMA and PnBuMA by GPC and 
T The principal results obtained are summarized in the following 

paragraphs. 
g' 

E X P  E R IME N T A  L. 

PEMA and PnBuMA samples obtained from the Aldrich Chemical 
- Co. were used as received, Viscosity-average molecular weight, 
M , of PEMA was calculated from the intrinsic viscosity data V 
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562 MALHOTRA, LY MINH, AND BLANCHARD 

RI 

2.5 2.0 1.5 
6 (values) 

1 .o 

FIG. 1. 220 MHz proton spectrum of P E W - 0 .  

obtained in ethyl acetate a t  35" C [ 191 and in butanone a t  23" C [ 201. 
Molecular weight distributions of PEMA were obtained with a Waters 
Associates model 200 GPC [ 21-30]. Making use of the viscosity and 
the GPC molecular weight distribution data of PEMA and PMMA [ 181, 
a calibration curve relating elution volume, Ve, and molecular weight 
M, yielded log M =  15.96 - 0.078 Ve. 

Similarly, RV values of PnBuMA were calculated from intrinsic 

viscosity data obtained in benzene a t  30°C [ 311. Making use of the 
viscosity and the GPC data, V was found to relate to M as follows: 

log M = 15.61 - 0,078 Ve. Calculated values of the weight-average 
molecular weight mw and the number-average molecular weight nn 
for  PEMA and PnBuMA are presented in Table 1. 

Nuclear magnetic resonance (NMR) analyses of undecomposed 
samples P E W - 0  and PnBuMA-0, later used for  decomposition 
studies, were carr ied out with a Varian 220 MHz NMR spectrometer 
in o-dichlorobenzene at 110" C using tetramethylsilane (TMS) as the 
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POLY(ETHYL METHACRYLATE) 563 

internal standard. The highlights of the spectra  of PEMA-0 (Fig. 1) 
and PnBuMA-0 (Fig. 2) are as follows. 

F o r  P E M A - 0  

a) - 0 C H z -  - at  6 = 4.01, 4.04, 4.07, 4.11 and 4.14 (pentuplet) 
b) - C ~ Z -  at  6 = 2.02, 2.11, and 2.20 (tr iplet)  

4'5 at  6 = 1.15, 1.19, and 1.23 (triplet with peak width of 9 Hz) 
-CH2-CH3 - a t  6 -= 1.23, 1.245, and 1.26 (tr iplet  with peak width of 

3.3 Hz) 

PEMA-0 i s  an atactic polymer with a Pm value of 0.31. 

F o r  P n B u M A - 0  

G H 2 -  - a t  6 = 3.64, 3.66, 3.69, 3.72, and 3.75 (pentuplet) 
~ H z -  - at  6 = 2.04, 2.13, and 2.22 (tr iplet)  
-0CHz4'Ez-CHz-at 6 = 1.55, 1.58, 1.61, 1.64, 1.67, and 1.7 

(sextuplet) 

-4- 

-6- 

2.5 2.0 1.5 1 .o 
6 (values) 

FIG. 2. 220 MHz proton spectrum of PnBuMA-0. 
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564 MALHOTRA, LY MINH, AND BLANCHARD 

- O C H Z - C H ~ - C H ~ -  - at 6 = 1.35, 1.38, 1.41, 1.44, and 1.47 (pentup- 
let) 

-CH3 - a t  6 = 1.41 (mm), 1.29 (mr), 1.17 (rr). Pm = 0.22 

4CH2)3-C€3 at  

PnBuMA-0 i s  an atactic polymer with a Pm value of 0.22. 
A Perkin-Elmer (model 2B) differential scanning calorimeter 

(DSC) operating with pure dry helium was used for  the isothermal 
decompositions of PEMA and PnBuMA whereas a second Perkin- 
Elmer instrument, the model 1 thermogravimetric scanning balance 
(TGS) operating in a pure dry nitrogen atmosphere was used for  the 
dynamic decomposition of the polymers. The T values of the unde- 
composed and the decomposed polymer were determined with the DSC 
apparatus [ 32-34]. 

6 = 0.88, 0.91, and 0.94 (triplet) t 6 = 0.90, 0.93, and 0.96 (triplet) 

g 

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

T h e r m a l  D e c o m D o s i t i o n  of P E M A  a n d  P n B u M A  

- 
In Tables 2 and 3 are summarized the values of Rw, Mn, and the 

polydispersity ratio zw/mn obtained with PEMA (Table 2) and PnBuMA 
(Table 3) both before and after isothermal treatments a t  various tem- 
peratures for  a fixed period of 50 min each. Using these data, curves 
showing the variation of (Y with temperature are given in Fig. 3. For 
comparison purposes, data for  the 50 min isothermal treatment of 
PMMA and PiBuMA [ 181 are also plotted in this figure. One notes 
that for  low values of a the data obtained with PEMA and PMMA fit a 
single curve while those obtained with PiBuMA and PnBuMA fit yet 
another single curve. For identical values of a, the respective decom- 
position temperatures for  PnBuMA are 40 to 50°C lower than those for 
PEMA. For all values of a, the thermal stability of the four polymers 
follows the order PMMA > PEMA > PnBuMA > PiBuMA. It is 
interesting to note that as the bulk size of the substituent increases, 
the thermal stability of the polymer decreases. 

and decomposed samples of PEMA. The maxima a t  elution count 
27.25 (135.25 mL) in the GPC distributions of both the undecomposed 
and the decomposed polymers do not change. The values of mw and 
Mn (Table 2)  change but slightly. The decreases in Rw and En ar i se  
from depolymerization reactions alone and no chain scissions are 
involved. 

In Fig. 4 a r e  shown normalized GPC distributions of undecomposed 
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POLY(ETHYL METHACRYLATE) 5 67 

FIG, 3. Variation of % weight loss (Y with treatment temperature 
fo r  PMMA-0, PEMA-0, PnBuMA-0, and PiBuMA-0 (see Tables 2 
and 3 for  other data). 

In Fig. 5 the normalized GPC distributions of the decomposed 
polymers PEMA-2, -4, -6, and -8 a r e  subtracted successively 
from that of PEMA-0. The volatilized fraction ( - )  of the polymer is 
represented by hashed lines. The hashed areas can be converted to 
distributions as i s  shown in Fig, 5 for  the case PEMA-O/PEMA-8. 
Values of Mw and Mn have been calculated from such distributions 

and are presented in Table 2. These data show that in the depolym- 
erization reactions during the isothermal decompositions of PEMA 
there i s  no specific preference for  longer (as was the case for  PMMA) 
o r  shorter  (as was the case for PiBuMA) chains. The Mw/Mn ratio 

of the volatilized fractions, howzverL increased with increasing de- 
composition temperature. The M / M  ratio of the residue, however, 

remained constant within k0.2 of 2.5.  
In Fig, 6 a r e  shown normalized GPC distributions of undecom- 

posed and decomposed samples of PnBuMA. The PnBuMA-0 maximum 
at elution count 27.25 (136.25 mL) moves to 27 (135.0 mL) following 
50 min isothermal treatments at temperatures between 200 and 245'C. 
The Mw and Mn values (Table 3) of the decomposed residual polymer 
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I PEMA -0 

ELUTION VOLUME (5 mi counts) 

l.;xlOO 2.;xlO5 &x104 6.&1O3 
MOLECULAR WEIGHTS 

FIG. 4. Normalized GPC molecular weight distributions of undecom- 
posed and decomposed samples of PEMA (see Table 2 for other data). 
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POLY( E THYL ME THACRYLATE) 569 

ELUTION VOLUME (5  ml counts) 

d.106 7.Axlo5 1.2ix105 9 2.&104 3.L103 
MOLECULAR WEIGHTS 

FIG. 5. Graphical method of analysis whereby GPC molecular 
weight distribution curves are broken down into components. The 
case of PEMA-0 subjected to 50 min decomposition periods at 235" 
(PEMA-2), 260" (PEMA-4), 280" (PEMA-6), and 300°C (PEMA-8) 
(see Table 2 for other data). 
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-0 4 lM l l l l l l l  
-8 - 

25 26 27 28 29 30 31 32 

ELUTION VOLUME (5 ml counts) 

FIG. 6. Normalized GPC molecular weight distributions of un- 
decomposed and decomposed samples of PnBuMA (see Table 3 for  
other data). 

show no definite trends, though mw/En ratios do decrease with in- 
creasing decomposition temperatures. 

In Fig. 7 the normalized GPC distributions of the decomposed 
polymers PnBuMA-1, -3,  -4, and -8 are successively subtracted 
from that of PnBuMA-0. The volatilized fraction ( - )  of the polymer 
is represented by vertical hashed lines. The hashed areas a r e  con- 
verted into distributions such as  is shown in Fig. 7 for  the PnBuMA-O/ 
PnBuMA-8 case. Higher molecular weight fractions in the residues 
(+)I (horizontal hash lines) can also be converted into molecular 
weight distributions (not shown here). A horizontal hashed area ( + ) a  
appeared only with PnBuMA-1 and was ignored. Values of mw and xn 
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POLY(ETHYL METHACRYLATE) 

,1 

I 

ELUTION VOLUME (5 ml counts) 

FIG. 7. Graphical method of analysis whereby GPC molecular 
weight distribution curves a r e  broken down into components. The 
case of PnBuMA-0 subjected to 50 min decomposition periods at  200" 
(PnBuMA-l), 220" (PnBuMA-3), 225" (PnBuMA-4), and 245°C 
(PnBuMA-8) (see Table 4 for other data). 

for  the volatilized fraction a s  well as those of the residues are pre- 
sented in Table 3, while and an values for  the higher molecular 
weight chain-recombination polymers a re  summarized in Table 4. 

degradations a major part of the lower molecular weight fraction 
(aw X 

W 

Analyses of the data in Tables 3 and 4 reveal that during isothermal 

= 76 to 96, and Mn X = 52 to 74) volatilizes yielding 
monomer, whereas a minor part  of the same fraction recom_bines to 
yield higher molecular weight products (Mw X lo-' = 8 and Mn X l o w 5  
= 6). As is to  be expected, the quantity of volatilized material 
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TABLE 4. GPC Data on PnBuMA Samples Subjected to Isothermal 
Treatments 

Chain-recombination polymer characterist ics 
~~ - - 

Sample Weight '?6 M~ x 10 M~ x M w m n  

PnBuMA-1 7.2 792 634 1.3 

PnBuMA-2 5.5 737 577 1.3 

PnBuMA-3 6.5 829 67 4 1.3 

PnBuMA-4 6.5 829 674 1.3 

PnBuMA-7 3.2 690 580 1.2 
PnBuMA-8 3.2 690 580 1.2 

increases with increasing decomposition temperature while that of 
the recombination products decreases. The mw/an rat io  of the 

volatilized fraction increases with increasing decomposition tempera- 
ture while that of the recombination products remains constant within 
*0.5 of 1.25. The thermal behavior of PnBuMA is similar  to that of 
PiBuMA [ 181 where the volatilized fraction had lower molecular 
weights compared to those of the overall molecular weight of PiBuMA. 
Furthermore, as  in the case of PnBuMA, PiBuMA also yielded higher 
molecular weight chain-recombination products. May it be mentioned 
that PMMA [ 181 and PEMA do not yield chain-recombination products. 

In Fig. 8 are shown curves representing the dynamic thermo- 
gravimetric decomposition of PMMA-0, PEMA-0, PnBuMA-0, and 
PiBuMA-0 at  a heating rate  of 20 K/min. Using the method of Coats 
and Redfern [ 351, activation energy values were calculated assuming 
successively orders  of reaction of zero and one. The values obtained 
with the better fit are presented in Table 5. PMMA-0 followed zero- 
order  kinetics. The order of importance of the activation energies 
i s  PnBuMA = PiBuMA > PEMA > PMMA. For  comparison purposes, 
activation energies for the decomposition of two polyisobutylene 
samples PIB-CO and PLB-DO are also tabulated [ 381. These are 
higher than those of the methacrylate series.  The activation energy 
values of 58 kJ/mol for  PEMA-0 and 70 kJ/mol for  PnBuMA-0 are 
lower than those reported in the l i terature [ 11. 

G l a s s  T r a n s i t i o n  of P E M A  a n d  P n B u M A  

The T of a polymer i s  heating-rate dependent [ 21-30] as well a s  
cooling-rate dependent [ 36, 371 ; however, recent work on substituted 
polystyrenes [ 21-30] showed that the cooling rate had no significant 

g 
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FIG. 8. Dynamic thermogravimetric decompositions of PMMA-0, 
PEMA-0, PnBuMA-0, and PiBuMA-0 a t  a heating rate  of 20 K/min 
(see Table 5 for other data). 

TABLE 5. Activation Energy Values for  the Thermal Decomposition 
of PEMA and PnBuMA 

Activation energy 
(kJ/molIa Z x n 

Sample (GPC) n = O  n = l  

PMMA-0 22.2 

PEMA-0 12.6 

PnBuMA-0 7.3 

P iBuMA -0 22.2 

PIB-CO 26.4 

PB-DO 13.7 

42 
- 

- 
58 

70 

67 
- 
278 

an is the order of reaction. 
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I 
PEMA-2 I 

80KImin 

40Klmin 

---/--- 
2OK/min 

10 K /min 1 
I ' ' ' ' ' ' ' ' ' " L  

300 350 400 

TEMPERATURE (K) 

FIG. 9. Typical DSC thermograms of a decomposed P E W - 2  
sample recorded in the glass transition region at  various heating 
rates. Cooling rate: constant at  320 K/min (see Table 6 for  other 
data). 

effect on T In the present study, a cooling rate of 320 K/min was 
therefore used. In Figs. 9 ( P E W - 2 )  and 10 (PnBuMA-4) are shown 
typical DSC thermograms recorded a t  various heating rates.  A s  
expected, T increases with increasing heating rate ,  T data obtained 

g g 
with a cooling rate  of 320 K/min and heating ra tes  of 80, 40, 20, and 
10 K/min fo r  undecomposed and decomposed polymer samples a r e  
summarized in Tables 6 (PEMA) and 7 (PnBuMA). Tge values of 
the PEMA samples remain constant within d K of 345. This is in 
good agreement with the l i terature value of 338 K for  atactic PEMA 
[ 2-12]. Tge values of the PnBuMA samples a lso remained unchanged 
on isothermal decompositions, yielding a n  average value of 293 f 5 K 
which likewise i s  in excellent agreement with the l i terature value of 

g' 

293 K[2 ,  5, 7-10, 15-17]. 
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Pn BuMA- 4 
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I ~ ~ " ' " " ' ' '  
270 300 330 360 

TEMPERATURE (K) 

FIG. 10. Typical DSC thermograms of a decomposed PnBuMA-4 
sample recorded in the glass transition region at  various heating 
rates. Cooling rate: constant a t  320 K/min (see Table 7 for  other 
data). 

TABLE 6. Variation of T as a Function of Heating Rate for  
Undecomposed and Decomposed Samples of PEMA 

g 

T at various heating 
- ra tes  ("K/min) 
M n X  Tgea 

Sample (GPC) 80 40 20 10 (1  K/min) 

PEMA-0 
PEMA-1 
P E W - 2  

PEMA-3 
PEMA-4 
PEMA-5 
PEMA-6 
PEMA-7 

126 
14 1 

133 
13 1 

138 

116 

119 
119 

354 351 349 347 339 
359 356 352 350 345 
357 350 347 346 340 
358 356 355 355 351 
363 361 357 356 347 

360 356 354 - 345 

363 359 355 - 345 

363 361 358 - 348 

Extrapolated value a t  a heatin rate (9) of 1 K/min using the a 
equation: log q = a - b/T [ 32-348. 
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TABLE 7. Variation of T as a Function of Heating Rates for Un- 

decomposed and Decomposed Samples of PnBuMA 
g 

T a t  various heating 
ra tes  ("Kimin) a 

Tge ",x 1 0 - ~  

Sample (GPC) 80 40 20 10 (1  K/min) 

PnBuMA-0 73 304 301 298 297 288 

PnBuMA-1 38 315 309 309 306 295 

PnBuMA-2 39 310 308 306 308 298 
PnBuMA-3 33 311 308 307 309 298 
PnBuMA-4 53 316 311 309 309 298 
PnBuMA-5 - 314 310 307 - 29 2 

PnBuMA-6 - 313 310 309 - 295 

PnBuMA-7 62 312 310 305 302 290 
PnBuMA-8 56 314 309 306 302 290 
PnBuMA-9 - 317 311 309 - 298 

PnBuMA-10 - 310 306 304 - 297 

aSee footnote in Table 6. 

The principal conclusions to be drawn from this study may be 

1. For all values of a, the thermal stability of the polymers studied 
follows the order PMMA > PEMA > PnBuMA > PiBuMA. A s  
the bulk size of the substituent increases, the thermal stability 
decreases. 

2. Thermal behavior of PEMA is similar to that of PMMA [ 181 
whereas that of PnBuMA is closer to that of PiBuMA [ 181. 
During the isothermal decomposition of PEMA, the depolym- 
erization reactions do not show any preference for  long or 
short chains; however, in the isothermal decomposition of 
PnBuMA (as was also the case for PiEuMA), a major part  of 
the lower molecular weight fraction (Mw X = 76 to 96 and 
M X = 52 to 74) volatilizes yielding monomer whereas a n 
minor part of the same fraction recombines to yield higher 
molecular weight products with an Mw A 

summed up as follows: 

- 

of 8 and an mn X 

of 6. 
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POLY( ETHYL ME THACRYLATE) 577 

3. Activation energies for the decomposition of polymers follow 
the order PnBuMA > PiBuMA > PEMA > PMMA. These 
values are lower than those reported in the literature. 

4. Tge values for  P E W  (345 i 5 K) and PnBuMA (293 f 5 K) 
are in good agreement with the reported values of 343 K (PEMA) 
and 293 K (PnBuMA) in the literature. 

Studies on the thermal decomposition as well as the glass transi-  
tion temperatures of poly(cyclohexy1 methacrylate) and poly(pheny1 
methacrylate) are in progress and will be reported shortly. 

A C K N O W L E D G M E N T S  

The authors gratefully acknowledge the financial assistance re- 
ceived from the Natural Sciences and Engineering Research Council 
of Canada, the Department of Education of the Government of Quebec, 
and Laval University. 

R E F E R E N C E S  

N. Grassie and J. R. McCallum, J. Polym. Sci., A2, 983 
(1964). 
R. H. Wiley and G. M. Brauer, Ibid., 3, 455 (1948). 
C. E. Rehberg and C. H. F i s h e r z d .  Eng. Chem., - 40, 1429 
(1948). 
J. D. Ferry,  W. C. Child, R, Zard, D. M. Stern, M. L. Williams, 
and R. F. Landel, J. Colloid Sci., 12, 53 (1957). 
S. S. Rogers and L. Mandelkern, J. Phys. Chem., fi, 985 
(1957). 
A. V. Tobolsky and M. S. Shen, Ibid., 67, 1886 (1963). 
J. A. Shetter, J. Polym. Sci., B,x203(1963). 
T. Hata and T. Nose, J. Polym. S&, C, 16, 2019 (1967). 
Z. G. Gardlund and J.-Laverty,y=. - Sci., B, - 7, 719 
(1969). 
A. B. Romberger, D, P. Eastman, and J. L. Hunt, J. Chem. 
Phys., 51, 3723 (1969). 
m A T a n d R .  P. Sheldon, J. Appl. Polym. Sci., - 14, 2619 
(1970). 
J. Van Turnhout, Polym. J., z, 173 (1971). 
Y. N. Sazanov, S. V. Dravolina, and G. N. Fedorova, J. Therm. 
Anal.. 7. 53 (1975). - 
A. Y.'Ryabov,' Yu D. Semchikov, and N. A. Kopylova, Vysokomol. 
Soedin.. 16B. 394 (1974). - 
A. H. Willbourn, Trans.' Faraday SOC., - 54, 717 (1958). 

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



578 MALHOTRA, LY MINH, AND BLANCHARD 

[ 161 L. J. Hughes and G. L. Brown, J. Appl. Polym. Sci., - 5, 580 
(1961). 

[ 171 J .  Hrouz and J. Janacek, J. Macromol. Sci.-Phys., - B5, 245 
(1971). 

[ 181 S. L. .Malhotra, Ly Minh, and L. P. Blanchard, J. Macromol. 
Sci.-Chem., A19, 579 (1983). 

[ 191 K. Karunakaran and M. Santappa, Makromol. Chem., - 111, 20 
(1968). 

[ 201 S. N. Chinai and R. J. Samuels, J. Polym. Sci., 19, 463 (1956). 
[ 211 S. L. Malhotra, C. Baillet, Ly Minh, and L. P. manchard, - J. 

Macromol. Sci.-Chem., A12, 129 (1978). 
[ 221 S. L. Malhotra, C. Baillet, and L. P. Blanchard, -- Ibid., A12, 

909 (1978). 
S. L. Malhotra, C. Baillet, H. H. Lam-Tran, and L. P. Blan- 
chard, bid., A12, 103 (1978). 
S. L, M G t r a T  Baillet, and L. P. Blanchard, Ibid., A12, 
1427 (1978). 
S. L, Malhotra, P. Lessard, Ly Minh, and La P. Blanchard, 
bid., A14 517 (1980). 
S. L. Malhotra, P. Lessard, Ly Minh, and L. P. Blanchard, 
bid., A14, 915 (1980). 

-- -- 
Malhotra, P. Lessard, and L. P. Blanchard, Ibid., A15, 

121 (1981). 
S. L. Malhotra, P. Lessard, and L. P. Blanchard, bid. ,  A15, 
279 (1981). 
S. L. Malhotra, P. Lessard, and L. P. Blanchard, bid., A15, 
301 (1981). 

-- 
-- 

-- 
S. L. Malhotra, P. Lessard, and L. P. Blanchard, Ibid., A15, 
1577 (1981). 

-- 

K. Nakanishi and M. Kurata, Bull. Chem. SOC. Jpn., 33, 152 
(1960). 
S. L. Malhotra, Ly Minh, and L. P. Blanchard, J. Macromol. 
Sci.-Chem., A12, 149 (1978). 
S. L. M a l h o t r r L y  Minh, and L. P. Blanchard, -~ Ibid., A12, 
167 (1978). 
S. L. Malhotra, Ly Minh, and L. P. Blanchard, Ibid., A13, 51 
(1979). 
A. W. Coats and J. P. Redfern, J. Polym. Sci., Par t  B, - 3, 
917 (1965). 
B. Wunderlich and D. M. Bodily, J. Polym. Sci., Par t  C, - 6, 
137 (1964). 
J. Bourdariat, A. Berton, J. Chaussy, R. Isnard, and J. Odin, 
Polymer, 14, 167 (1973). 
S. L. M a l h z a ,  Ly Minh, and L. P. Blanchard, J. Macromol. 
Sci.-Chem., A18, 455 (1982). 

- 

-- 

Accepted by editor June 12, 1982 
Received for publication July 12, 1982 

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


