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(Rcccivcd I5 May 1981) 

The polymerization and properties of IV-n-alkyl- and Warylmaleimides have been 
studied by many authors [l-9]. Recently, Barrales-Rienda et al. [lo] have investi- 
gated .the polymerization of IV-fluorophenylmaleimide and discussed the structure- 
properties relationship of different polymers containing fluoro derivatives of IV- 
phenylmaleimide. They found that there is not much change in the thermal stabi!ity 
of polymers by substitution of hydrogen by fluorine in the phenyl ring. However, it 
was reported that the position of fluorine substitution has a considerable effect on 
thermal stability. 

In this paper, results on the thermal stability of poly-N-arylmaleimides with 
respect to different halogen atoms are reported. 

EXPERIMENTAL 

Marerials 

Commercial benzene was used after purification by the method reported in the 
literature [I I]. Maleic anhydride was recrystallized from chloroform to yield white 
needles, m.p. 49°C. The amines were purified by distillation using zinc dust. Benzoyl 
peroxide was purified by crystallization from dry ether, m.p. 104 -t- 1°C. 

Preparation of N-arylmaleimides 

The three maleimide compounds used in this work were synthesized, using a 
modification of the method of Searle [12], from maleic anhydride and the corre- 
sponding aromatic amines. The intermediate maleamic acids were cyclodehydrated 
using (CHgC0)20 and fused CH,COONa at 95OC. N-p-Fluorophenyl, N-p- 

chlorophenyl and IV-p-bromophenyl maleimides were obtained in 60-70%. yields; 
m.@. ‘154,. 113 and 108”C, respectively. 

l ‘lro whdm correqxkdence should be. adc&esed. 
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Po&ntetization of N-aqhaleintides 

Polymerization of N-arylmaleimides was carried out in benzene soluti6n at 80°C 
in nitrogen atmosphere. In a typical reaction 8 g of monomer were polymerized in 
100 ml benzene using 0.25 g of benzoyl peroxide at 80°C in a three-necked flask 
with a mercury-sealed mechanical stirrer and co!d water condenser. The polymer was 
isolated by filtration. and purified by several washes with hot dioxane: the polymer 
was finally dried at 60°C/10 mm for 20 h. 

Ana&-sis 

Nitrogen estimation in the polymer samples was carried out on a Coleman 
nitrogen analyzer. IR spectra of the monomers and polymers were recorded on a 
UR-10 spectrophotometer (Carl-Zeiss) equipped with KBr, LiF and NaCl optics as 
KBr discs. Thermogravimetric (TG) and differential thermal analyses (DTA) were 
performed on a derivatograph (MOM, Budapest. Hungary) at a heating rate of 10°C 
min- ’ in air_ 

RESULTS AND DISCUSSION 

The polymerization of N-arylmaleimides was slow during the initial stage, with an 
induction period of about 30 min. After 30 min, the polymers in the form of solids 
started to separate out. and the polymerization was continued for a total period of 
6 h. Yields of the polymers are high. The polymers are sparingly soluble in 
dimethylformamide. dimethylsulfoxide and tetrahydrofuran. Table 1 shows the per- 
cent yield and microanalysis of these polymers. 

The cyclic compounds with carbonyl groups show two typical absorption peaks in 
their IR spectra between 1700 and 1800 cm -’ [ 13- 151. These two bands are clearly 
shown in the IR absorption maxima of N-arylmaleimides. The important IR 
absorption maxima of N-arylmaleimides and poly-N-arylmaleimide and their as- 
signments are given in Table2. In reference to the frequency assignments, it is 
revealed that the IR spectra of poly-N-arylmaleimides differ from the IR spectra of 

TABLE 1 

Percent yield and elemental analysis of poly-rV-arylmaleimides 

NO. Substance Yield Nitrogen (56) Halogen (8) 

lb 
2b 
3b 

Poly-Wpfluorophenylmaleimide 
Poly-N-p-chlorophenylmaleimide 
Poly-N-p-bromophenylmaleimide 

Reqd. Found 

7.33 7.59 
6.74 6.55 
5.59 5.75 

Reqd. Found 

9.95 9.98 
17.10 17.04 
31.75 31.86 
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N-arylmaleimides only tith resp&t to the- broadqk‘g of the major balids and the 
absence of ethyleec bands (158Ck 1585 cni=’ ). Fioti.spektral a&d elemental analysis 
of these polymers, it is suggested that N-arylmaleimides undergo vinyl type free 
radical addition polytnerizatton under the reaction conditions used in -this work. 

Table3 gives the peak temperatures of poly-N-arylmaleimides 1 b, 2b and 3b 
observed from the DTA. thermograms. On comparing the values of peak starting 
temper&ures, it is revealed that all these polymers are thermally stable up to about 
320°C. Three decomposition exotherms are observed in all the polymers which 
indicate that the ‘behaviour of thermal degradation is similar in all cases. 

Table4 presents the initial decomposition temperatures and percent weight loss at 
different temperatures observed from TG thermograms. A comparison of the results 
given in Table 4 makes it clear that all the poly-N-arylmaleimides studied here are 
thermally stable -up to 320°C. Poly-N-p-fluorophenylmaleimide is comparatively 
more thermally stable than the other poly-N-arylmaleimides The thermal stability 
trend is poly-N-p-fluorophenylrnaleimide > poly-ZV-p-chlorophenylmaleimide = poly- 
N-p-bromophenylmaleimide. Generally, the fluorine atom increases the thermal 
stability of the polymers. 

From the results of the kinetic parameters, it can be concluded that all these 
polymer samples hollow approximately the same mechanism of degradation. The 
order of decomposition may be considered to be near to one as the calculated values 
of order of decomposition for each sample are around one within the possible range 
of uncertainty. From the literature survey [6], it is revealed that the energy of 
activation ranges from 24 to 40 kcaI mole - ’ ; however, in most of the samples 
studied here it varies from 42 to 93 kcal mole-‘. 

From the above results of DTA, TG and IR spectra, the structure of the polymers 
is more regular and stable, which is justified by the presence of the -CH-CH- 
group in the backbone. 
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