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PoLY(amldo imides) (PAX) produced  by  reactions of  trimellitic acid anhydride ,  

or some of its derivat ives (the dichloride and  imidocarboxyl ic  acids) wi th  all- 
amines have  been described before [1-3] The use of  bifunct ional  compounds,  

containing the imide ring in the  molecule, as monomers  has a number  of ad- 

vantages ,  such as the  possibility of controlling the  complete conversion of  amide 

groups to imide during monomer  synthesis,  the c rea tmn of  a regular po lymer  
s t ructure  having al ternat ing amide and  imide groups, the  resistance of  the  final 

products  to hydrolysis  Fur thermore ,  s t ructura l  a l tera tmns in monomers  make  

it possible to modi fy  the po lymer  propert ies within a wide range. 

This work describes the  results of  the  synthesis of  di imidodicarboxylic  acids 

with aliphatic and aromat ic  fragments ,  and  the polymers  produced from them 

EXPERIMENTAL 

Starting mater~al The trlmelhtm acid anhydmde, 4,4'-dlammodlphenyl ether, m- 
phenylenedlamme and benzldlne were all purified by vacuum distillation at 10 -3 mmHg 
They had the constants given m the hterature. The hexamethylenedl,~mlnc was distilled 
at 198-199°C m an argon stream; its m.p.----40°C, its net]trallzatlon equivalent was 58 3 

Dz,m~dodzcarboxyl,c acid syntheses Dissolve 0 2 moles of tmmelhtlc acid anhydride 
m m-cresol and then add 0 1 mole dlamme }[eat the mixture 5-6 hr .~t 160-170°C while 
stirring, filter off the precipitating acid, thoroughly wash with alcohol and ether, au(l dry 
to constant weight. The acid yield will be 90-93 ~ .  

The N,N'-hexamethylen-bls-(tmmelhtlmldo acid)had m p 310-311 °C, the neutrahzatlon 
equivalent was 232 0 (Theor.=232 0) 

Elemental analysis, found, % • 62.22, 62.63 C, 4 35, 4 10 I-I, 5 99, 6 04 N 
theor., °/o 62.00, 4.31, 6 03 Cz4H20N2Os 

The N,N'-dlphenyloxy-bls-(trlmelhtmndo acid) had in p.~369-370°C, and ~ neutr~hzatlon 
eqmvalent of 273 0 (theer.~274 0). 

Elemental analy~ls; found ,°  65 84, 65 73 C, 3 19, 3 02 H, 5.06, 5 16 N 
theor , ~  65.69, 2.91, 5 10 N. C30H16H,O8 

The dnmldodlcarboxyhe acid dmhlorlde was produced by heating the respective acid 
with P~O5 and adding small amounts of pohsphorus oxyehlomde The latter was distilled off 
after the re~etmn termmatmn, and the residue was consecutively treated with dry benzene, 
chloroform ~nd CC14, after which the product was recrystalhzed from dry toluene 
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The hexamethylene-bm-(tmmelhtlmldo acid dichloride) (DCH-1) had m.p.-~ 168-169°C, 
molecular weight M=500 (theor ~501.7). 

The N,N'-dlphenyloxy-bm-(tmmelhtlmldo acid dlehlomde) (DCH-2) had m.p.~236- 
237 ° C, M~590  (theor 585.0). 

The respective elemental analyses are given below: (~).  
DCH-h 57 18, 57.53 C, 3 71, 3-81 H, 5 24, 5-26 N, 14 88, 14.83 C1 

theor. 57.48 3 57 5 58 14-17 C,4H18N2OsC1,. 
DCH-2: 61.68, 61.77 C, 2.85, 300 H, 525, 532 N, 12 06, 12 07 C1 
theor : 61 20 2 40 4.80 12.13 C30HI~N2OTC12. 

The syntheses of P A I  Place 0-02 moles diamme and 0 042 moles trmthylamrae m 
freshly distilled dry solvent into a triple-neck flask fitted with a stirrer, a calcium chloride 

tube and a capillary for streamrag an raert gas (10 ~ reagent solution), add m small portions 
over 5-10 ram 0 02 moles of the dnmldodmarboxyhe acid dichloride, and react at room 
teraperature for 3 hr. Filter off the trmthylamine hydroehlomde after the reaction, and pre- 
mpitate the polymer out of solution with alcohol or acetone, wash it with water and acetone, 
and finally dry to constant weight. 

RESULTS 

The  P A I  synthesis  based on the  di imidodicarboxyl ic  acid chlorides was 
carried ou t  b y  low- tempera tu re  po lycondensa t ion  in solution. This react ion can 
be schemat ica l ly  i l lus t ra ted as follows: 

CO OC 

C l O C k (  " N - - R - - N /  ~ ' ~ +  I-I.N--R'--NH.--* 

co / \oc/N/ \COCl oo ]i 
[--0C~C0 / \ O C  \C0--NH--R--NH-- 

m which R : ( - - C H , - - ) , ; / ~ ~  O - - ~ ;  R ' : ( - - C H 2 - - ) , ; - - ~ - - ;  ~ ; ~  

The  p roduc t  of  this react ion is a l inear  po lymer  wi th  s t r ic t ly  a l te rna t ing  
imide and amide groups in the  main  chain. 

The  selected solvent  is of  considerable impor tance  in the  above  process, i.e. 
i ts  type ,  i ts solut ion capac i ty  of  the  s tar t ing  components  and  the  forming poly- 
mer,  bu t  also its par t ic ipa t ion  capaci ty  in react ions wi th  the  components  (Table 1). 

The  lowest  po lymer  yield can be seen to have  been ob ta ined  in chloroform, 
also the  smallest  molecular  weight  (mol wt  ). The  reason could be the  precipi ta-  
t ion  ou t  of  solut ion of  the  po lymer  during the  process, which limits chain pro- 
pagat ion.  Chloroform also easily reac ted  wi th  the  hydrogen  chloride accep te r  
( t r imethylamine)  to  a q u a t e r n a r y  ammon iu m  base [4] The  po lymer  yield be- 
came larger in ace tone  and  dichloroethane,  b u t  the  mol.wt,  still r emained  re- 
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latively low for the same reason (precipitation) The most suitable from amongst 
the polar solvents used was N-methylpyrrolidone (MP) and dimethylacetamide 
(DMA), in which the polymers were soluble Some secondary reactions of the 

T A B L E  1. T H E  P A I  SYNTHESIZED FROM D C H - 1  AND DIAMINES 

I N  VARIOUS SOLVENTS 

D l a m m e  So lven t  P o l y m e r  Yield,  [~], 
s o l u b l h t y  ~o d | / g  

I 
I I  

I I I  
I 

I I  
I 

I I  
I I  

IIl 

II 

II 

Chloro fo rm 
Ch lo ro fo rm 
Chlo ro fo rm 
Ace tone  
Ace tone  
D m h l o r o e t h a n e  
O m h l o r o e t h a n e  
D M F  

MP 
MP 
D M A  

N o n e  61 0 
:None 70 0 
N o n e  73 0 
:None 87 0 
:None 80 0 
N o n e  85 0 
:None 82 0 
No poly-  

m e r  
p r o d u c e d  
Soluble  85 0 
Soluble  90 0 
Soluble  87 0 

0 1 5  
0 1 7  
0 36 
0 22 
0 20 
0 25 
0 27 

0 60 
0 56 
0 48 

* I = hexamethylenedmmme, I I  = m-phenylenedlamme, I I I =  4,4'-channnodlphenyl 
ether, DMF=dlmethylformaunde,  DMA.=d~methylacetam~de, MP=N-methylpyrrohdone 

acid chloride with the solvent probably take place in dimethylformamide (DMF) 
as solvent, and the products are incapable of participation in the polycondensa- 
tion [5, 6]. 
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FIG 1 FIG. 2 

The  l n t r l n sm vmcosl tms of  P A I  b a s e d  on  m - p h e n y l e n e d l a m m e  as a f u n c t i o n  of  orig- 
ina l  c o m p o n e n t  c o n c e n t r a t i o n s  m NIP as so lven t  1 - - D C H - 1 ,  2 - - D C H - 2  

FIG. 2 The  specific VlSCOSltms of  P A I  based  o n  m - p h e n y l e n e c h a m m e  a n d  of  1 - - D C H - 1 ,  
a n d  2- -DCH-2 ,  as a f u n c t m n  of  t h e  p o l y c o n d e n s a t l o n  t i m e  m M P  
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TABLE 2. T i m  PROPERTIES OF P A I  

I ) l a m l n e  
Ymld ,  

% 
[~]*, 
d]/g 

S t a r t  o f  
decom-  

pos i t ion ,  
o C 

Dielect r ic  

loss 
factor 
(at 20 ° 

and 103 
Hz) 

Specrfic 
volume 
capacl- 
tanee 

qv × lO-XL 
ohm- cm 

D y n a m m  
e l a s t m l t y  

m o d u l u s  

E )< 10 - l°  

dyne/cm' 
(at 20 °) 

I 
II 
IV 
III 

I 
II 
V 

III 
IV 

80'0 
90'0 
95 5 
85 0 

85 0 

87 0 

89 0 

90 0 
88 0 

P o l y m e r s  ba sed  on  

0.18 280 

0 56 390 
0.35 420 

0 60 360 

P o l y m e r s  b a s e d  on 

0 20 300 

0 55 380 

0 15 400 
0 50 420 

0 42 450 

DCH-1 

D C H - 2  

3.4 

3 5  

4 6  

3 5  

3 2  

3 8  
3-7 

3 3  

3 3  

1-70 
1'46 
1"16 
1.32 

0 1 2  

1 00 
1 70 

1 35 

1"35 

21 
1.7 

2"3 

1 14 

181  

2 28 
2.32 

2 80 

* Ymcoslty deternuned at 20°C m m-cresol I-III as under Table 1, IV=benzldme, V=p-phenylenedlarmne 

Of considerable influence on the mol. wt. of PAl  is the initial concentration of 
the reacting components. Figure 1 shows the polymers produced from 10% 
component concentrations to have the largest intrinsic viscosity. The decrease of 
the latter on increasing the reagent concentrations is due to a substantial in- 
crease of the viscosity of reaction solutions and the sedimentation of the polymer 
The low viscosities at  low monomer concentrations are linked with a reduction of 
the rate of polyamidation in very dilute solutions 

Reducing the reaction temperature from 20 to 5°C also reduced the mol.wt 
While the [0] of the PAI produced from DCH-1 and m-phenylenediamine was 
0.56 dl/g at  20°C, it was only 0.16 dl/g at  5°C The dependence of the reduced 
viscosity on polycondensation time in MP (Fig 2) indicated tha t  the process 
time yielding a polymer with a fairly large tool. wt. should be 1.5-3 hr. A longer 
process time will cause some viscosity decrease, winch is probably due to the 
usual inter-chain exchange reactions 

The characteristics of the PAI synthesized in the described low-temperature 
polycondensation conchtlons are contained in Table 2. A valuable quality of 
the majori ty of the produced polymers was the combination of fairly good heat 
resistance (from 300 to 450°C in air according to TG) with solubility in a number of 
easily available solvents (m-cresol, DMF, D M A ,  MP, conc H2SO4) 

The polymers belong amongst the organic semmonductors as regards their 
electrical properties and have the same charaetermtics as the known polyimides. 
The specific resistance at  room temperature was of the order of 1015 ohm. cm, 
and the dielectric permeability from 3.2 to 4.6 

The mechanical properties which were characterized from the dynamic elastic- 
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i t y  modulus ,  d e t e r m i n e d  a t  r o o m  t e m p e r a t u r e  b y  the  acoust ic  m e t h o d  [7], in- 

d ica te  the  synthes ized  po lymer s  to  be  shgh t ly  more  r igid t h a n  po lyamides ,  
b u t  t h e y  were  as s t rong  as the  po lypyromel l i t lmides  

CONCLUSIONS 

(1) N ,N ' -hexame thy l ene~  and  N ,N ' -d ipheny loxy-b i s - ( t r ime l l i t imido  acxds) 
were  p roduced  a n d  character ized,  as well  as the i r  acid chlorides 

(2) The  reac t ions  of  the  d l imldodicarboxyl ic  acid dichlorides wi th  d iamines  
in l o w - t e m p e r a t u r e  po lycondensa t ions  in so lu tmn yie lded regular  p o l y a m i d o  

lm~des which  were  hea t - r e s i s t an t  f rom 300 to 450°C 

T~anslated by i A ALLE~T 
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SORPTIO)T studies  of  low molecular  weigh t  compounds  b y  polymers ,  carr ied out  
ove r  a wide t e m p e r a t u r e  range,  enable  one to  assess the  s t ruc tu ra l  changes  which  
t a k e  place  in the  po lymer ,  and  lead  to  pack ing  dens i ty  differences of  the  p o l y m e r  

chains and  mac romolecu la r  s t ruc tu ra l  e lements  
The  work  descr ibed  here  dea l t  w i th  the  s t u d y  of  the  cellulose t r i ace t a t e  (CETA) 

so rp t ion  p roper t i es  in the  a m o r p h o u s  and  crysta l l ine  s t a te  in t he  r ange  25-200°0.  
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