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Polyamido acids have been synthesized from pyromellitic dianhydride 
and dihydrazides of terephthalic, isophthalic, sebacic, and adipic 
acids. Th e polyamido acids obtained have been cyclized at 220 ~ C, 
and it has been shown by IR spectroscopy that the polymers contain 
five-membered imide rings. 

Investigations of recent years  [1-3] have shown 
that high-molecular-weight  compounds containing het- 
erocycles  in the main chain possess  high heat stability. 

Table 1 

Proper t ies  of Polymers  Obtained 
from the Dihydrazides,  I, II, and 

III (Ratio of Dianhydride to 
Dihydrazide = 1 : 1) 

t Terepb- 
lsophtha!ic I thalic 

Solvent dihydiaztde dihydrazide 

Yield ~* [Yieldl ** '1 sp I r/sp 
~~ i % L _ _  

Hexamethylphosphora- 
mlide 

Difilethylformlamide 
Dimetbyl sulfoxide 

98.0 0.30 72.4 0.23 

98.3 0.48 95.3 0.28 79.1 0.26 96.4 0.35 

*0.5% solution in hexamethylphosphoramide. 
**0.5% solution in difilethylformafilide. 

In the present  investigation we synthesized polymers  
from pyromelli t ic dianhydride (I) and the dihyrazides 
of terephthalic (II), isophthalic (III), sebacic (IV), and 
adipic (V) acids in solution at 20 ~ C. We used hexame- 
thylphosphoramide, dimethyl sulfoxide, and dimethyl-  
formamide as solvents. 

/ c o - ~ ' ~ - c o \  
O~CO__ ~L~co/O + NH2NHCORCONHNH 2 

- -  t _ c o _  ~ . ~ _ c o o .  J. - -  

-co- (~ ' - -co  / l +>+o.++,1 

polymers  obtained from dihydrazldes I and II. To ob- 
tain a polymer with the maximum molecular  weight 
from the dihydrazide III, the best solvent was dime- 
thylformamide. 

In an investigation of the influence of the ratio of 
the initial reactants  on the formation of polyamido 
acids from the dihydrazide II, it was found that the 
polymer  obtained with a small excess of anhydride in 
the reaction medium possessed the highest viscosity. 
On this basis, the synthesis of polymers  from the di- 
hydrazides of the other acids was car r ied  out in dime- 
thylformamide solution with an excess (10 mole-%) of 
dianhydride. Table 2 gives the compositions of the 
polyamtdo acids. 

As can be seen from Table 2, the highest molecular  
weight (viscosity of the solution 0.48) was possessed 
by the polymer  obtained from the dihydrazide III. This 
polyamido acid forms a strong transparent  film, on 
which the following mechanical tests were car r ied  out: 
tensile strength: 7.2 kg/mm2; elastic limit: 7.1 kg/mm2; 
relative elongation: 160%; modulus of elasticity: 20 
kg/mmZ; mean thickness of the film: 60/~. 

Test  conditions: dynamometer  of the Schopper type, 
rate of elongation of the film 10 mm/min .  Dimensions 
of the sample: width of the strip 8 mm, clamping 
length 10 mm. 

Table 2 

Proper t ies  of the Polymers  Obtained 
f rom Pyromel l i t ic  Dianhydride and 
Dihydrazides (Ratio of Dianhydride 

to Dihydrazide = 1.1 : 1.0) 

Dihydrazide 

Isophthalic 

Terephthaiic 

Sebacic 

Adipic 

Yield 
of 

poly- 
filer, 
% 

95.3 

97.4 

93.8 

96.3 

~s*p Formation 
of film 

0.28 Transparent, 
brittle 

0.48 Transparent, 
strong, 
elastic 

0.29 Turbid, 
brittle 

0.35 Turbid, 
brittle 

The influence of the solvent on the condensation 
process  was shown by the interaction of I with the di- 
hydrazides  II and III. The resul ts  of the experiments  
a re  given in Table 1. 

As can be seen from the table, the replacement of 
one solvent by another had no effect on the viscosity of 

*0.5% solution in dimethylformamide. 

Figure 1 shows the thermogravimet r ic  curve of the 
polymer.  It can be seen from this that the loss in 
weight of the polymer  begins at 200 ~ C, and that at 500 ~ 
C the polymer  is 50% decomposed. 
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Fig. 1. Thcrmograv imet -  
r i c  curve of the potymer 
from pyromelli t ic  dianhy- 
dride and terephthalic di- 

hydrazide. 
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Fig, 2. Thermograv imet -  
r i c  curves of cyc l ic  poly- 
mers:  1) po lypyromel l i -  
timidoisophthalamide; 
2) polypyromelli t imidote r e -  
phthalamide; 3) polypyro- 
mellit imidoadipamide; 4) 
4) polypyromell i t imidose-  

bacamide. 
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Fig. 3. IR spectrum (in paraf-  
fin oil) of polypyromelli t imido- 
terephthalamide (UR- 10 spec- 

t rome te r  with NaC1 pr ism).  
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All  the amido  ac ids  that we obtained were  soluble 
i n  hexamethy lphosphoramide ,  d ime thy l fo rmamide ,  d i -  
methyl  sulfoxide, aqueous a lkal is ,  and su l fur ic  acid.  

po lypyromel i i t imido te reph tha lamide ,  and f rom this  
it can be seen that the p o l y m e r s  produced conta ined 
f i v e - m e m b e r e d  imide r ings  with an absorp t ion  band 
at 1790 em - t .  

Table  3 

C h a r a c t e r i s t i c s  of the Dihydraz ides  

Dihydrazides I Solvent IMp, "C (literature data) 
I 

IsophthaJic Toluene 
Terephthalic Toluene 
Sebacic i Ethanol 
Adipic [ Ethanol 

I 

224 (220 [41) 
310 (decomp)(300 [41) 

~S4.S ( ls4-1SS [ s l )  
171 (t71 [61) 

The second stage of the reac t ion ,  cycl iza t ion ,  was 
c a r r i e d  out at e leva ted  t e m p e r a t u r e s .  To inves t iga te  
the inf luence  of the r eac t ion  t e m p e r a t u r e  on the c y c i i -  
zat ion of the polyamido ac ids  f rom the d ihydraz ide  
(II), a s e r i e s  of e x p e r i m e n t s  was c a r r i e d  out at 200, 
220, 250, 280, and 300" C, with the o ther  p a r a m e t e r s  
cons tan t .  It was found that the p e r f o r m a n c e  of the cy -  
c l i za t ion  reac t ion  at  250 ~ C and above led to the de-  
compos i t ion  of the p o l y m e r  (the ca rbon  content  in the 
f inal  product  was 1-3% higher  than the ca lcu la ted  f ig-  
u re ) .  

The opt imum t e m p e r a t u r e  at which eyc l iza t ion  took 
p lace  at  an adequate ra te  without a change in the c o m -  
pos i t ion  of the cycl ic  p o l y m e r  was 200~ ~ C. 

A study of the inf luence  of the r eac t ion  t ime  on the 
cyc l i za t ion  p r o c e s s  showed that a t ime  of 12 h r  was 
suff ic ient  for  the conve r s ion  of the l i n e a r  p o l y m e r  
into the cycl ic  po lymer .  Under  these  condi t ions ,  cy-  
c l ic  p o l y m e r s  were  obtained f rom the d lhydraz ides  
I I - V .  T h e i r  t h e r m o g r a v i m e t r i c  cu rves  were  r eco rded  
(Fig. 2). All the p o l y m e r s  were  fa i r ly  s table  to hea t -  
ing. Thus,  app rec i ab l e  loss  in weight of the p o l y m e r s  
began at 300" C for  the p o l y m e r s  f rom the d ihydraz ides  

of a r o m a t i c  ac ids  and at 400 ~ C for  the p o l y m e r s  f rom 
the d ihydraz ides  of the a l iphat ic  ac ids .  

The s t r u c t u r e  of the cycl ic  p o l y m e r s  was shown by 
IR spec t roscopy .  F igu re  3 g ives  the [R s p e c t r u m  of 

EXPERIMENTAL 

The dihydrazides were obtained from the methyl or ethyl esters of 
the corresponding acids tn toluene or ethanol solution at the boiling 
point of a mixture with hydrazine hydrate, which was taken in 1.8- 
2-fold excess, The dihydrazides were reerystallized from ethanol to 
constant melting point. The characteristics of the dihydrazides are 
given in Table 3. 

The hexamethylphosphoramide [7] was synthesized from dimethyla- 
mine and phosphorus oxychluride at --60 ~ C. gp 76~ ~ C (1-2 mm); 
n~ ~ 1.4569. 

Synthesis of a polymer. With vigorous stirring, over 2-2 1/2 hr, 
pyrometlitic anhydride was added in several portions with vigorous 
stirring to a solution of the dihydrazide at 20" C, and the mixture was 
stirred for a further 1-1 1/2 hr. The resulting solution was precipitated 
with dry ether and the product was dried at 30~ ~ C in vacuum, 

The cyelization of the polyamido acids was carried out at 220" C 
in a current of nitrogen for 12 hr. 
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