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Syntheses and Properties of Some New 
Polyamides. Part II 

EL SAYED M. E. MANSOUR, ABDEL MONEIM I. KHALIFA, and 
LATIF RATEB* 

Chemistry Department 
Faculty of Science 
Alexandria University 
Alexandria, Egypt 

A B S T R A C T  

Interfacial condensation of decamethylenediamine and acid 
chlorides I, 11, and 111 yielded polyamides the thermal stabil- 
ity of which decreased in the order 111, I, 11, a finding reasserted 
by calculating activation energy decomposition temperatures. 
Irradiation of these polyamides does not appreciably affect their 
properties, and thus they can be considered satisfactorily 7- 
irradiation resistant. 

It appears that there are only few papers dealing with syntheses 
and properties of polyamidoarylates. Cleaver and Pratt [ 11 prepared 
polyamidoesters by the polymerization of bisoxazolones with glycols. 
Korshak and others [ 21, however, obtained a polyamidoester by the 
aminolysis of polyethylene- sebacate with hexamethylenediamine. 

In a previous investigation [ 31 a few polyamidoarylates were 
obtained by the condensation of aminophenols with aromatic acid 
chlorides. 

In this work we obtained some new polyamidoarylates by the inter- 
facial condensation of equimolar ratios of decamethylenediamine with 

*To whom correspondence should be addressed. 
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terephthaloyl chloride (I), 4,4'-bis-(chloroformylmethoxy) diphenyl 
(11), and bis- (4-chloroformylmethoxyphenyl) sulfone (III). 

In our study of the solvent effect on these synthesized decamethyl- 
enediamine polyamides (Table l), it was noticed that the highest vis- 
cosities and yields were obtained with those solvents having high 
solubility parameters [ 41, a concept previously verified by Burrell 
[ 51. Further, the viscosities of these polyamides were also found to 
be acid- chloride - c onc entr at ion and inherited- structure - dependent 
(Table 2). Thus, whereas for polydecamethylene- terephthalamide 
the viscosity decreases with an increase of the terephthaloyl chloride 
concentration, the viscosities of other polyamides from decamethyl- 
enediamine and acid chloride 111, obtained under the same experi- 
mental conditions, were found to be directly proportional to the acid 
chloride concentration. 

of decamethylenediamine and dihydric phenols led in most cases to 
soluble polymeric materials (Tables 3 and 4). However, a quinol- 
decamethylenediamine mixture with either I or 11 and a 4,4'-dihydroxy- 
diphenyl-decamethylenediamine mixture with I yielded insoluble co- 
polyamidoarylates. This can probably be correlated to the rigid 
structure repeating unit in the case of these two phenols since replac- 
ing quinol by the unsymmetrical resorcinol and inserting a sulfone 
group between two phenyl groups led to the expected solubilizing 
effect. 

arylates synthesized here, their viscosities vary directly with the 
decamethylenediamine percentage but inversely with the dihydric 
phenol and acid chloride concentrations. This criterion can be ex- 
trapolated to the higher decamethylenediamine reactivity toward the 
acid chlorides as compared with the dihydric phenols under the experi- 
mental c ondi tions . 

Further elucidation of the structure of the polyamidoarylates and 
copolyamidoarylates synthesized was attested to by a study of their 
thermal properties (Table 5). A careful study of Table 5 reveals that 
the decamethylenediamine polyamides obtained from I, 11, and III show 
decreasing stability temperature in the order 111 > I > the same 
sequence previously noted for poly- and copolyarylates [ 7 3 . Yet the 
thermal stabilities and intensive decomposition temperatures for the 
polyamides were found to be higher than those of the corresponding 
polyarylates. This is quite evident as exemplified by those copoly- 
amidoarylates (cf. Table 5) obtained from a mixture of decamethylene- 
diamine and 2,2-bis- (4-hydroxyphenyl) propane with terephthalo 1 
chloride when compared with the corresponding polyarylates [ 3{ 
The higher thermal stabilities of polyamidoarylates over the poly- 
arylates is undoubtedly due to the presence of the amide linkage in- 
creasing hydro en bonding interactions, a criterion not existing in 
the arylates [ 67. 

Calculations of the intensive decomposition activation energies 

The copolymerization of acid chlorides I, 11, and III with a mixture 

Careful study of Tables 3 and 4 reveals that for the copolyamido- 
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TABLE 6. IR Spectra (in cm ) of Some Decamethylenediamine 
Polyamides and Copolyamidoarylates Synthesized from Various 
Compound sa 

MANSOUR, KHALIFA, AND RATEB 

NH c=o -0- 

Terephthaloyl chloride (I) 
4,4'- Bis- (chloroformylmethoxy) 

diphenyl (II) 
Bis- (4-chloroformylmethoxyphenyl) 

sulfone @I) 
Bis- (4- chloroform ylmethoxyphenyl) 

sulfone + a mixture (1:l) of DMD 
and 4,4'-dihydroxydiphenyl 

Bis - (4 -c hlor of orm ylm ethoxyphenyl ) 
sulfone + a  mixture (1:l) of DMD 
and 2,2-bis- (4-hydroxyphenyl) 
propane 

Bis- (4-chloroformylmethoxyphenyl) 
sulfone + a  mixture (1:l) of DMD 
and bis- (4-hydroxyphenyl) sulfone 

3500s 1640s - 
3300s 1660s 1120m 

3350s 1660s 1120s 

1760s 
3350s 1660s 1110s 

1760s 1120s 
3400s 1670s 1150m 

3400s 1770s 1120s 
1660s 

as = strong, m = medium. 

(Table 5) reattest the relationship between polymer thermal stability 
and the irregularities of the molecular structure repeating units. 

The IR spectra of these polyamides (Table 6) show an NH band at 
3300-3400 cm-', A strong band at  1660-1640 cm-' can be attributed 
to an amide carbonyl group. With copolyamidoarylates this band was 
noticed to occur at a higher frequency, 1760-1660 cm-'. A strong band 
at 2900 cm-' is evidently due to CH absorption. 

In the present investigation some of the polyamides and copoly- 
amides prepared as well as some previously prepared arylates were 
subjected to y-irradiation in both the solid state and in solution. 
Although y-irradiation of a variety of polymeric classes has been 
thoroughly investigated by several workers [ 7-91, information on 
high energy irradiation effects on polyesters is nearly absent. Irradi- 
ation of Polymers IX, X, XI,  and XI1 (Table 5) in the solid state in air 
and at  five different doses (55.2, 110.4, 165.6, 220.8, and 276 Mrad) 
indicated that all investigated polymers could be adequately considered 
radiation resistant (Figs. 1 and 2). This conclusion is based on the 
limited data changes observed in their viscosities compared with 
those known before irradiation. Irradiation of a chloroformic poly- 
mer solution, however, led to more pronounced viscosity changes 
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FIG. 1. Effect of y-irradiation on (1) poly-[ 2,2-(4-hydroxyphenyl) 
propane] terephthalate and on (2) poly-[ 2,2- (4-hydroxyphenyl) pro- 
pane-bis-(4-chloroformylmethoxyphenyl) sulfone (40%) + terephthaloyl 
chloride (SO%)]. 

1 I I I I I I I 
40 80 120 160 200 240 2 80 

Dose, Mrad 

FIG. 2. Effect of y-irradiation on (1) poly(decamethy1ene-diamine- 
terephthalamide) and (2) poly[ decamethylenediamine (50%) + 2,2-(4- 
hydroxyphenyl) propane and terephthaloyl chloride (50%)1. 

(Table 5). The differences obtained in the latter case a re  probably 
due to indirect y-irradiation effects in addition to the solvent radi- 
olysis products [ 101, 

polymers have higher intensive decomposition temperatures and 
activation energies than the corresponding irradiated ones. The 

Careful examination of Table 5 demonstrates that unirradiated 
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stability decreasing order of polymers can thus be depicted as unirra- 
diated > solid irradiated > solution irradiated. Polyarylates from 
acid chloride I can be satisfactorily considered the most irradiation 
stable polymer, being capable of withstanding high energy irradiation 
doses. 

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

Infrared measurements were run on a Unicam SP 200. Thermo- 
mechanical, thermogravimetric, and differential thermal analysis 
were run on a drivatograve "Paulk-Paulk and Erdi, Budapest, Hungaria." 
Samples of about 0.12-0.14 g were heated in carbon dioxide-free dry air 
from room temperature to 1000°C at a rate of 10"C/min. 

G e n e r a l  P r o c e d u r e  f o r  P o l y a m i d e  S y n t h e s i s  

The acid chloride (1 mol) was dissolved in 75 mL of a dry organic 
solvent and was then added within 3 min to a vigorously stirred sus- 
pension of decamethylenediamine (1 mol) in 15 mL of water. Stirring 
was continued for a further 20 min. The separated polymer was then 
filtered, washed with water until chloride free, and then with an 
appropriate organic solvent to remove unreacted monomers. The 
purified polymer was then dried in high vacuum at 50°C to constant 
weight. 

I r r a d i a t i o n  T e c h n i q u e  

An 8000 Curie source of 6oCo in a lead shield was used to give 
dose rates of 8 X lo5, 6.4 X lo4,  and 6 X lo5 Rontengen/h depending 
on the position of the sample. The polymer samples were irradiated 
in small glass vials in case of air-irradiation. Sealed ampules con- 
taining the polymer solution were used in the case of solution irradia- 
tion. The glass vials or the ampules were placed at a standard dis- 
tance from the r-irradiation source. During irradiation. the tempera- 
ture 

[ 11 

21 

31 

- 
was kept at 50°C. 
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