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Summary 
New aromatic polyimides and polyamide-imides containing azome- 

thine linkages in the polymer backbone have been synthesized by 
reacting 4 ,41-bis( isocyanato)  benzylidene aniline (AZMI) with p y r o -  
melli t ic d ianhydr ide  (PMDA), 3 , 3 ' ,  4,41-benzophenone te t racarboxyl ic  
d ianhydr ide  (BTDA) and t r imel l i t ic  anhydr ide  (TMA) by one-step method. 
The AZMI was synthesized from 4 , 4 ' - b i s ( c a r b o x y )  benzylidene aniline 
(AZMA) by a Weinstock modified curtius rearrangement. All the polycon-  
densation reactions were carr ied  out in N-methyl-2-pyrrol idone (NMP) 
and the polymers obtained were character ized by infrared spect roscopy,  
solution v i scos i ty ,  elemental analysis ,  thermogravimetric analysis ,  
different ial  scanning calor imetry and X-ray diffract ion.  

Introduction 
Aromatic polyimides are well known for the i r  chain st iffness 

and thermal s tab i l i ty  (1).  A number of aromatic polyimides containing 
various linking groups such as methylene (2), oxygen (2), oxye thy-  
lene (3), silicon (4), siloxane (5), sulfone (6), etc.  in the polymer 
backbone have been synthesized and studied extensively .  Aromatic 
azomethine linkage is well known mesogen in l iquid crys ta l l ine  po ly-  
mers (7) and interesting due to i ts  syn-anti  isomerism and good thermal 
s tabi l i ty  (8 ,9) .  Various polymers such as polyes ters  (10-12), po ly -  
carbonates (13-15), polyamides (16,17), copolyamides (18), and po ly -  
e thers  (19,20), etc.  containing azomethine linkage in the polymer back-  
bone are descr ibed in the l i te ra ture .  However, much information is 
not avai lable in l i te ra ture  regarding polyimides containing azomethine 
linkage. 

The present paper  descr ibes  the synthesis  and character izat ion 
of new aromatic polyimides and polyamide-imides containing azomethine 
linkage by the reaction of a new azomethine group containing d i i so-  
cyanate namely 4 ,4 ' -b i s ( i socyana to )  benzylidene aniline (AZMI) with 
PMDA, BTDA and TMA respec t ive ly  and the i r  character izat ion by elemental 
analysis ,  infrared spectra ,  intr insic  v i scos i ty ,  thermogravimetric  ana- 
l y s i s ,  different ial  scanning calorimetry and X-ray diffract ion.  

Experimental 
Materials : 4-carboxybenzaldehyde (PCBA), 4-aminobenzoic acid (PABA) 
and p-toluene sulfonic acid (PTSA) (Fluka, A.G.,  Switzerland) were 
used as such without fur ther  purif icat ion.  Pyromell i t ic  d ianhydr ide  
(PMDA), 3 , 3 ' ,  4,4J-benzophenone te t racarboxyl ic  d ianhydr ide  (BTDA) 
and t r imel l i t ic  anhydr ide  (TMA (Fluka, A.G., Switzerland) were purif ied 
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by r e c r y s t a l l i z a t i o n  from a p p r o p r i a t e  s o l v e n t s  p r i o r  to use .  All  t he  
s o l v e n t s  and o t h e r  c h e m i c a l s  used were  p u r i f i e d  by fo l lowing  s t a n d a r d  
p r o c e d u r e s .  

Ins t rumenta l  methods  : The I R l s p e c t r a  were  r e c o r d e d  on a P e r k i n -  
Elmer  s p e c t r o p h o t o m e t e r .  The -H NMR s p e c t r a  were  r e c o r d e d  on a 
Bruker  WH 90 MHz s p e c t r o p h o t o m e t e r  w i th  TMS as an i n t e rna l  s t a n d a r d .  
Ubbe lohde  v i s c o m e t e r s  were  used to d e t e r m i n e  i nhe ren t  v i s c o s i t i e s  
of p o l y m e r  so lu t ions  hav ing  concent ra t ion  of 0.5 g/100 ml in conc. 
s u l p h u r i c  a c i d .  The DSC the rmograms  were  r e c o r d e d  on a P e r k i n -  
E lmer  DSC 2 e q u i p p e d  wi th  t h e r m a l ,  a s a l y s i s  da ta  s ta t ion  (TADS). The 
r a t e  of hea t ing  used was 20~ mzn T h e r m o g r a v i m e t r i c  ana ly se s  
were  ob ta ined  w i t h .  a Netzsch  STA 409 t h e r m o g r a v i m e t r i c  a n a l y z e r  in 
a f lowing a i r . e n v i r o n m e n t .  The hea t ing  r a t e  used fo r  the  d e t e r m i n a t i o n s  
was 5~ rain I and the  t e m p e r a t u r e  was measured  by a P t - P t  Rh (10%) 
t h e r m o c o u p l e .  The X- ray  d i f f r a c t i o n s  were  ob ta ined  wi th  a P h i l l i p s  
X-ray  unit  ( P h i l l i p s  Genera tor ,  PW-1730) and a n i c k e l  f i l t e r e d  CuKa 
r a d i a t i o n s .  

Preparations : 
4,4'-Bis(carboxy) benzylidene aniline (AZMA) 

To a 250 ml three-necked round bottomed flask, equipped 
with a mechanical stirrer, thermowell and dean-stark trap, were placed 
7.50 g (0.05 mole) of 4-carboxybenzaldehyde, 6.857 g (0.05 mole) 
of 4-aminobenzoic acid, 0.05 g of p-toluene sulfonic acid and 150 ml 
toluene. The reaction mixture was heated with stirring at the boiling 
temperature of toluene untill all water was evolved. The crude product 
was then filtered, washed with dry toluene and dried. The resulting 
solid was recrystallized from n-butanol to afford 12.78 g (95%) of 
pure AZMA, rap. 320-322~ 

IR (Nujol,~ cm -I) : 2550 (-OH), 1685 (>C=O), 1600 (-C=N@ 

1 H NMR([IV~O d6Zppn#'7.33 (2Ha, _d), 8.00 (2Hb, d_), 8.00 (4Hc, _d), 

8.68 (IHd, s), 10.06 (-COOH, s, exchanges with D20 ) 

ANAL Calcd for CIsHIIN04(269): C, 66.91%, H, 4.09%, N, 5.20% 

Found : C, 66.84%, H, 4.16%, N, 5.10% 

Mass Spectrum : Molecular ion (M +) peak at 269. 

4,4 ' -Bis (azidocarbonyl) benzylidene aniline (AZMAZ) 
To a 250 ml three-necked round bottomed flask, equipped with 

a mechanical stirrer, dropping funnel and thermowell, were placed 
5-38 g (0.02 mole) of 4,4'-bis(carboxy) benzylidene aniline (AZMA) 
and 40 ml acetone. The suspension was cooled to 0~ and 4.04 g 
(0.004 mole) of triethylamine in 15 ml of acetone was added over 
a period of I0 min. The reaction mixture was stirred for further 
I0 rain. and then a solution of 4.34 g (0.002 mole) of ethylchloroformate 
in 15 ml of acetone was added at 0~ over a period of I0 rain. The 
resulting reaction mixture was stirred for ] hr at the same temperature 
and then a solution of 2.60 g (0.04 mole) of sodium azide in 60 ml 
of water was added dropwise. Finally, the reaction mixture was 
stirred for 4 hr at 0~ and then poured into 200 ml ice-cold water. 
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The so l id  ob ta ined  was co l l ec t ed  by  f i l t r a t i o n ,  d i s s o l v e d  in  d i c h l o r o -  
methane and d r i e d  ove r  a n h y d r o u s  sodium s u l p h a t e .  After  f i l t r a t i o n ,  
d ich lororne thane  was removed under  r educed  p r e s s u r e  to ob ta in  4.52 g 
(84%) of pure  AZMAZ, rap. 122-124~ ( d e c o m p . ) .  

IR (Nujol , ~ ) cm -1) : 2140 ( -N3) ,  1680 (>C=O), 1600 (-9=N9 

1H NMR (CDC13,~ ppm) : 7.26 (2Ha, d_), 8.02 (2Hb, _d), 8.17 (4Hc, d ) ,  
8.25 (IHd, _s) 

ANAL. Calcd. for CIsHgN702(319) : C, 56.42%; H, 2.82%, 

Found : C, 56.32%; H, 2.90%. 

4 , 4 ' - B i s ( i s o c y a n a t o )  b e n z y l i d e n e  an i l i ne  (AZMI) 
To a 100 ml round bot tomed f l a s k ,  e q u i p p e d  wi th  a r e f l u x  

condenser ,  calc ium c h l o r i d e  guard  tube ,  were p laced  3.19 g (0.01 
mole) of AZMAZ in 35 ml of d r y  benzene .  The solut ion was r e f l u x e d  
for  6 h r  and benzene was removed by  d i s t i l l a t i o n  under  reduced  p r e -  
s su re .  The r e s i d u e  a f t e r  r e c r y s t a l l i z a t i o n  from d r y  benzene gave 
3.0 g (94%) of pure  AZMI, mp. 110-112~ 

IR (Nujol,~Acm -I) : 2300 (-NCO), 1600 (-GI=N-). 

IH NMR (CDCI3,~ ppm) : 7.05 (2Ha, _d), 7.72 (2Hb, __d), 7.05 (4Hc, __d), 
8.24 (1Hd, s ) .  

ANAL. Calcd. for CI5H9N302(263): C, 68.44%; H, 3.42%; N, 15.96%. 

Found : C, 68.32%; H, 3.48%; N, 16.10%. 

Mass spectrum : Molecular ion (M +) peak at 263. 

Model Compounds 
4 , 4 ' - B i s ( p h e n y l u r e a )  b e n z y l i d e n e  an i l i ne  (AZMU) 

To a 50 ml t h r e e - n e c k e d  round bot tomed f l a s k ,  e q u i p p e d  wi th  
a magnetic s t i r r e r ,  n i t rogen i n l e t  t ube ,  r e f l ux  condenser  and calcium 
c h l o r i d e  guard  tube ,  were p laced  0.526 g (0.002 mole) of 4 , 4 ' - b i s  
( i socyana to)  b e n z y l i d e n e  an i l i ne  (AZMI), 5 ml of a n i l i ne  and 25 ml 
d ry  benzene .  The r eac t ion  mix tu re  was s t i r r e d  at  r e f lux  t e mpe r a t u r e  
of benzene for  2.0 h r  and was cooled to room t e m p e r a t u r e .  The excess  
quan t i t y  of an i l i ne  was removed unde r  r educed  p r e s s u r e  by  a r o t a r y  
e v a p o r a t o r  to g ive  a pa le  ye l low s o l i d .  R e c r y s t a l l i z a t i o n  of the  so l id  
from a mix tu re  of a c e t o n e : p e t - e t h e r  gave 0.494 g (94%) of AZMU, rap. 
245-247~ 

IR (Nujol ,~J cm -I) : 3300 (-NH), 1640 (>C=O), 1600 (-C=N-) 

IH NMR (DMSO d6,~ ppm) : 7.00 (2Ha, _d), 7.84 (2Hb, d), 7.20 (4Hc, d__), 
8.52 (IHd, s), 8.97 (4H, _s, urea protons), 
7.48 (10H, m, aromatic protons). 

ANAL. Calcd. for C27H23N502(449): C, 72.16%; H, 5.12%; N, 15.59%. 

Found : C, 72.10%; H, 5.22%; N, 15.65%. 

Mass spec t rum : Molecular  ion (M +) peak  at  449. 
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Polymer  Syn thes i s  
A t y p i c a l  example  of po ly imide  (8) p r e p a r a t i o n  fol lows : 
To a 50 ml t h r e e - n e c k e d  round bot tomed f l a s k ,  equ ipped  wi th  

a t h e r m o m e t e r ,  n i t rogen  gas in l e t  and gas out le t  connected to ba r ium 
h y d r o x i d e  so lu t ion ,  were p laced  1.052 g (0.004 mole) of d i i s o c y a n a t e  
(7) and 10 ml of d r y  NMP. To t h i s  so lu t ion ,  0.8724 g (0.004 mole) 
of PMDA was added  in smal l  q u a n t i t i e s  over  a p e r i o d  of 15-20 rain 
at 0~ The reac t ion  mix tu re  was s t i r r e d  at  t h i s  t empera tu re  for  
0.5 h r  and then s lowly  hea ted  to 40~ at which  t e m p e r a t u r e ,  i t  was 
he ld  for  2.5 h r .  The t empera tu re  was then s lowly  r a i s e d  to 90~ 
and main ta ined  for  2.0 h r .  Carbon d i ox i de  gas evo lu t ion  was o b s e r v e d  
at t h i s  t e m p e r a t u r e .  F i n a l l y ,  the  r eac t ion  mix ture  was hea ted  at  
130-140~ for  Z4 h r  a f t e r  which  the  reac t ion  mix ture  was poured  into 
100 ml water  and the  po lymer  was f i l t e r e d  off,  washed s e v e r a l  t imes  
wi th  methanol  and then d r i e d  at 100~ under  r educed  p r e s s u r e .  The 
same p rocedure  was fol lowed to p r e p a r e  po l y i mi de  (_9) and p o l y a m i d e -  
imide (I_.O0) polymers. 

Polymer Solubility 
The solubility of polyimide and polyamide-imide polymers 

was checked at 3% concentration in various solvents. All the polymers 
were insoluble in aprotic polar solvents and nonpolar solvents. These 
polymers were only soluble in conc. sulphuric acid and methane sulfonic 
acid. 

Resul ts  and Discussion 
In the  p r e s e n t  work,  a new d i i s o c y a n a t e  namely 4 , 4 ' - b i s ( i s o -  

cyanato)  b e n z y l i d e n e  an i l i ne  (AZMI) conta in ing azomethine l inkage  has 
been s y n t h e s i z e d  in h igh y i e l d  from the  co r r e spond ing  new d i a c i d  
namely 4,4 ' - b i s  ( ca rboxy)  b e n z y l i d e n e  a n i l i ne  (AZMA) by fol lowing 
the  Weinstock modif ied  cu r t ius  r ea r r angemen t .  The scheme for  the  
p r e p a r a t i o n  of AZMI is  shown in F ig .1 .  

P T S A  
. o o c - @ - c . o + . , , - @ - c o o .  , = _ I  

- H20 
I 2 3 

3 2(C~H,)3 N (H,C=~,-- , .OOC--~C. .  N ~ C O 0  N - -  (CzH5) 3 
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Fig.1 : Scheme for  the  p r e p a r a t i o n  of 4 , 4 ' - b i s ( i s o c y a n a t o ) b e n z y l i d e n e  
an i l i ne  (AZMI) 
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The compounds such as diaqid,  d iacylazide  and di isocyanate prepared 
were charac ter ized  by IR, "H NMR, mass spect roscopy and elemental 
analys is .  The di isocyanate is a yellow coloured solid and sensi t ive 
to moisture. The structure of the di isocyanate was confirmed by p repa-  
ring the phenylurea der iva t ive  of the di isocyanate and elucidating 
i ts  s t ructure  by elemental and spectroscopic  analys is .  

The diisocyanate, 4,4 ' -bis(isocyanato) benzylidene aniline 
(AZMI) was reacted with PMDA, BTDA and TMA in NMP under identical 
conditions in nitrogen atmosphere to give polyimides and polyamide- 
imide polymers of the following type. 

0 0 

G -~ 
8 

0 0 O 
r- II II II 

0 o 
o _9 

I U ~I 
H 0 0 I 0  

The polymers are orange coloured powders which are insoluble in common 
aprotic polar and nonpolar solvents and soluble only in conc. sulphuric 
acid and methane sulfonic acid. The inherent viscosities in conc. sulfuric 
acid and elemental analysis of these polymers are tabulated in Table I. 

During condensation the polymer separates out from the solu- 
tion, restricting the molecular built up of the polymer. This might 
be the cause for comparatively low inherent viscosities (0.32 to 0.41) 
of the polymers. 

The thermal behaviour of these polymers was studied by TGA, 
DTA and DTG which were performed s~multaneously by heating the samples 
in air at constant rate of 5~ rain- . The temperature of ten percent 
weight loss (Tin), IDT and IPDT were determined from original TGA 
curves. Doylet~ " method (21) was used to calculate IPDT values, Tmax 
was calculated from DTG curve and the values are tabulated in Table 2. 
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Table  1 

P r o p e r t i e s  of p o l y i m i d e s  and p o l y a m i d e - i m i d e s  

a 
Sr. Poly- l~actant s ~inh Yield b 
No. mer Dian- Diiso- -I (%) Elemental analysis 

Abbr. hydride cyanate dl.g C% H% N% 

Po lyamides  

1. 8 PMDA AZMI 0.41 88.0 

2. 9 BTDA AZMI 0.32 89.5 

polyamide-imides 

3. 10 TMA AZMI 0.39 87.5 

70.10 2.72 10.42 
(70.23) (2 .80 )  (I0.68) 

72.36 3.00 8.32 
(72.43) (3.02) (8.45) 

71.82 3.50 11.34 
(71.93) (3.54) (11.44) 

a d e t e r m i n e d  in conc. s u l p h u r i c  ac id  at  30~ 

b v a l u e s  in p a r e n t h e s i s  i n d i c a t e  t he  c o r r e s p o n d i n g  ca l cu l a t ed  v a l u e s .  
PMDA - P y r o m e l l i t i c  d i a n h y d r i d e ,  BTDA - 3 , 3 ' ,  4 , 4 ' - B e n z o p h e n o n e  
t e t r a c a r b o x y l i c  d i a n h y d r i d e ,  TMA - T r i m e l l i t i c  a n h y d r i d e ,  
AZMI - 4 , 4 ' - B i s ( i s o c y a n a t o )  b e n z y l i d e n e  a n i l i n e .  

Table  2 

Thermal  b e h a v i o u r  of p o l y i m i d e  and p o l y a m i d e - i m i d e s  

Sr. Polymer Abbr. IDT TI0 IPDT Tmax 
No. 

(%) (oc) (oc) (oc) 

Polyimides 

I. 8 446 485 576 545 

2. 9 418 449 508 516 

Polyamide-imides 

3. I0 466 519 588 594 

IDT - i n i t i a l  decompos i t ion  t e m p e r a t u r e ,  TL0 - t e m p e r a t u r e  fo r  10% 
weigh t  l o s s ,  IPDT - i n t e g r a l  p r o c e d u r a l  a ecompos i t i on  t e m p e r a t u r e ,  
Tmax - t e m p e r a t u r e  fo r  maximum r a t e  of decompos i t i on .  
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Fig.2: Thermogravirnetric 
analyses of polyimide 8,~ & 

polyarnide-imide 10 

Fig.3 : X-ray diffractograms 
of polyimide 8,9 and 
polyamide-imide 10 

The thermograms of potyimides 8, 9 and polyamide-imide 10 
are illustrated in Fig.2. 

Fairly good thermal stability was observed in all these poly- 
mers though polyamide-imides showed better stability than polyimides. 
As expected, PMDA based polyimide showed comparatively superior 
thermal stability. 

The DSC thermograms of the polymers contained several endo- 
therms indicating the possibility of liquid crystalline behaviour. Micro- 
scopic examinations of heated samples through crossed polarizing filters, 
however, did not reveal any optical anisotropy. In fact, the polymers 
darkened dramatically above 300~ without undergoing any significant 
flow. 
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The crys ta l l ine  nature of these polymers was studied by X- 
ray diffract ion.  All the polymers showed part ia l  c rys ta l l in i ty  in the i r  
X-ray diffractograms.  The representat ive  X-ray diffractograms are 
shown in Fig.3.  

Conclusions 
A new di isocyanate,  4 ,4 ' -b i s ( i socyana to )  benzylidene aniline, 

containing aromatic azomethine linkage is synthesized from the cor res -  
ponding diacid via Weinstock modified curtius rearrangement in good 
y ie lds .  New polyimides and polyamide-imides containing azomethine 
linkage in polymer backbone are synthesized by using this  isocyanate 
and character ized by usual methods. The polymers show high thermal 
s tab i l i ty .  
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