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POLY(AMlN0 BISMALEIM1DE)S. 1. SYNTHESIS 
AND CHARACTERIZATION OF NEW 

POLY(AMIN0 BISMALEIM1DE)S CONTAINING 
URETHANE LINKS 

V.CAII\'A, C.GhISA and C.CIIIP,IAC 
"Petru ?mi'' Institute of tlacronolecular 
Clicni s t r y 
Aleea Grigore Ghica Voda No.C;lA, 'J600-Iasi 
Romania 
ii.TIUSU 
Faculty of Cheaical Technology 
Technical University 
RO 6GOO-Iasi ,Lomania 

ABSTRACT 

Hew poly(arnin0 bisma1eimidc)s containing urethane 
links were synthesized by the addition of two aromatic 
diamines (4,4'-oxydianiline and 4,S'-ethylenedianiline) 
to various bismnleimides with flexible metkyle-nic groups. 
Their structures uere confirmed by I R ,  '3 i1iX spectra 
and elemental analysis. The polymers were characterized 
by viscosirnetric measurements,softcning points and thcr-  
mogravimctric data. 
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INTRODUCTION 

GAINA ET AL.. 

Polyimide resins constitute a family o f  plastics posse- 
ssed of dramatically superior properties when compared 
to more conventional plastics. of particular importance 
is their: ability to maintain useful mechanical properties 
aEter extreme thermal exposures for prolonged periods of 
tine [I] . 
There are available rnany informations concerning poly- 

aspartimides ,as linear polymers which possess useful 
properties [l, 21. Synthesis of dif fereiit types of bismale- 
inides was reported recently with the aim of improving 
their properties [3-6]. In order to improve the flexibili- 
t y  of polyinides some authors introduced urethane and 
flexible polyether segments on the macromolecular chains 
"71. The goal of this paper is to present the synthesis 
and characterization of new poly(bisma1einide)s \iith 
crethane-aliphatic methylene links providing new nateri- 
c l s  with better processibility. 

EXPERIMENTAL 

Measurements 
The IR spectra were recorded on a Specord PI90 Carl 

:.eiss Jena Spectrophotometer by using the GBr pellet 
!:echnique. Proton 3 l R  spectra were run on a Jeol GOIKIz 
II I iR spectrometer at 50°C in Dt;SO-d5 using TIiS as the in- 
i:ernal reference.. The reduced viscositie of polymer s o i u -  
!:ions (0.5 %w/v) in D:1F were determined at 25%.l0C by 
rising an Ubbelohde Suspended Level Viscometer. Helting 
.md softening points were determined with a Gallenkamp 
.lot-bloc!< melting point apparatus. Thernogravimetric aua- 
tysis (TGA) was carried out in air with an P.PauliL Deri- 
.rc?tograph at a heating rate of 1 2  C/min. 0 
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lJOLY(AMIN0 B1SMALEIMIDE)S. I 123 

Reagents and Materials 
i~- (4-Phenyl i socyanate)nnlc imide  w s  prepa red  as d e s c r i -  

bed elsewhere [8]. a( ,O-Dihydroxyal!:anes were p u r i f i e d  
u s i n g  t h e  c i t e d  p r o c e d u r e p ]  . 4 , 4 ' - 0 x y d i a n i l i n e  (i,lerl: 
r.ip 190°C) , 4 , 4 ' - X t h y l e n c d i a n i l i n e  ( A l d r i c h  mp 135OC) ,o- 

C r e s o l  (Merk mp 3 2 - 3 l k O ~ )  were USEXI as r e c e i v e d .  1,?-3i- 
ch1oroethar .e  (DCE) was d i s t i l l e d  o v e r  P205 b e f o r e  use .  

Monomer IV(1-5) Synthesis 
A l l  t h e  rnonomers were s y n t h e s i z e d  u s i n g  t h e  f o l i o t i i n g  

g e n e r a l  p rocedure .  A 100 nL four-necked equipped w i t h  a 

n e c h a u i c a l  s t i r re r ,  d r y  n i t r o g e n  i n l e t ,  tlieraome ter ,  ail2 
condense r  was cha rged  w i t h  0.02 mol(4 .28  n )  !1-(4-phenyl- 
i s o c y a n a t e ) m a l e i m i d e (  I )  ,and 50 rcL DCP and purged the so -  
l u t i o n  a few minu tes  w i t h  d r y  n i t r o g e n .  h d e r  v i g o r o u s  
s t i r r i n g  was added 0.01 mol (0.52 g ) l , 2 - e t h y l c n e  z l y c o l .  
A f t e r  a few minu tes  a ye l low s o l i d  o c c u r s  frori! s o l c t i o n .  
The r e a c t i o n  mix tu re  was e l loved  t o  c o o l  a t  RT and tlieri 
f i l t e r e d , v a s h e d  twice w i t h  n e t h y l e n e  c h l o r i d e , a n d  t l r i ed  
a t  5O0C f o r  a b o u t  4 h o u r s  i n  a vacuum oven. 

'i?ie p r o p e r t i e s  of t h e  o b t a i n e d  rnonomers a r e  l i s t e d  i n  

Polymer Va(1-5), Vb( 1-5) Synthesis 
'L'lie same s y x t h e s i s  syster.i d e s c r i b e d  above was used t o  

T a b l e  1. 

p r e p a r e  a l l  t h e  p o l y n e r .  A t y p i c a l  s y n t h e s i s  p rocedure  
i s  p r e s e n t e d  below. T!ie f l a s k  was cha rzed  w i t h  2.553 nmol 
(2 .0  g)IV 3,and 40 g o - c r e s o l .  A f t e r  t e n  minu tes  of hea-  
t i n g  a t  5OoC cnde r  s t i r r i n g , 3 . 8 5 3  nxol (3 .8179 g)IIIb,and 
0.5 mL ace t ic  a c i d  were acided,and t h e  r e a c t i o n  c o n t i n u e d  
ct L1C-115°C f o r  4 C  hours .  The i .eactioil  n i x t u r e  was a l l o -  
wed t o  c o o l  a t  Kf and t h e n  poured i n t o  200 ai n e t h a n o l .  
The dark p r o d u c t  !ras f i l t e r e d , w n s h e d  w i t h  nethano1,and 
t h e n  e x t r a c t e d  w i t h  h o t  mct!ianol by usinc,  a Soxl i le t  ex-  

tzacto: f o r  4 hours .  Tiie p roduc t  was d r i e d  o t  ~ G O C  f o r  5 
h o u r s  i n  a vacuum oven. 

The p r o p e r t i e s  of t h e  polymers are l i s t e d  i n  a Tab le  2 .  
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124 GAINA ET AL. 

TABLE I. The P r o p e r t i e s  of the Iioaoners IV(1-5) 

! ;on OCl f r Yie ld ,  ! le l t i ; ig  p o i a t ,  Coiour  
no. x OC 

IV i 30 2G5-25G pa I. e -ye 1 1 ow 
IV 2 SO 270-271 ye  11 ow 
Ii' 3 92 2 7 5 - 2 7 s ye 1 1 ow 

IV 5 30 262-255 ye 1 1 ow 
I V  4 90 271-275 yel lor ;  

i l  L A d d i :  n i  -- 2 .  T::c ? r o ? e r t i e s  o f  P o l y n e r s  Va(1-5) ,and Vb(1-5) 

'o1.yner Yield, S o f  t c n i n g  In l ie ren  t" 
I 110 * l o  p o i n t  , cc  v i s c o s i t y , d L / g  

- 
$a i 35 >300 0.19 
V a  2 5 7  > 3 O C  0.19 
' la 3 SO 2GG-300 0.15 
" a  4 25 > 300 0.23 
Va 5 22 > l o o  0.20 
Vb i S G  >300 0.12 
7b 2 73 >300 0.15 
7 b  2 33 >300 0.21 

Vk 5 30 >100 0.12 
VL, 4 8 5  >300 0 .  llb 

-b 

- 
";i?asured a t  a c o n c e n t r a t i o n  of  0.5 g/dL i n  DPlF a t  25'C. 

% i c c r q l e t e  soluble at :T. 
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RESULTS AIJD DISCUSSION 

Five t ismaleini ide nonomcrs IV( 1-5)  were prepared v i a  a 
c l a s s i c a l  a d d i t i o n  o f  ver ious  ",ycols I I (1 -5 )  t o  a a a l e i -  
r.iide i socyana tc  [IG] (Scheme 1). 

Linear  po ly (b i saa1e in ide  uret1iane)s Va(1-5) and Vb(1-5) 
wcre prcpared by the  condensat icn of an equinolar  mixture  
o f  bisnnleirnides  IV(1-5) with  a ror ia t ic  ciiamines I I I a , a n d  
I I I b  i n  o -c re so l  as t h s  so lven t  us ing  a small amount o f  
a c e t i c  ac id  as the  cntalyst[2]  (Scheme 2 ) .  

' 1 1  L:iiR s p e c t r a .  
The s t ruc ture  of t h e  nononers IV(1-5) were confirmed by 

ICspectru:.i o f  t h e  mononer I V  3 ( 5 ; e . I )  shoved cl iarnctc-  
r i s t i c  absorb t ior .  peaks a t  3320 c m  *(s,L-I-I), 3C3Ccn L ( ~ ,  
v i n y l ) ,  3950 crn-'(n,-CX7-), - and 535 cn ' ( s , p a r a  d i s u b s t i -  
t u t e d  a r o n a t i c  r i n g ) .  I n  n d d i t i o n , a l i  b i s n a l e i n i ? e  moiio- 
n e r s  shoved two p e a k s : f i r s t  a t  1160 cn-', ass izned  t o  11-2 

and C-11-C Scndin; l i n k s  [Ill ,and tile second a t  about l & C O  
c:.i A attribute6 t o  C-i? stretc!iinz[3]. 

- 1  - ?  

-'I 

- .  
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o-cresol, 
ACOH, 
110-115"C, 48 h 

K 1-0- ; <:H2-CR2- 

SC:!EFIC 2 

5000 3000 2000 1 so0 1000 500 

Wavenumber, cm-' 

FIS. 1. IR Spec t r a  of  Nonorner IV 2 and of  Polyner ya3 

v s  3 .  
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POLY(AMIN0 B1SMALEIMIDE)S. I 127 

b C 

A s  !<norm t h e  a b s o r p t i o n  band of  t!ie u r e t h a n e  ~ r o u p  a t  
1720 cn-' o v e r l a p s  t h e  band of t h e  cyclo imide  r i n g  a t  
1 7 2 2  cm-l C7]. 

'11 1 d I i C  spectrum of nonolner I V  3(7jg.2) sho:.icd a l l  cha- 
r a c t e r i s t i c  a b s o r p t i o n  peaks .  T h e i r  assignments are d e t n -  
i l e t i  i n  z i s . 2 .  

S l e n e n t o l  a n a l y s i s  d a t a  o f  nunoners I V ( I - S ) a r e  prescn-  
t e d  i n  Table  3 .  A s  one can s e e  t h e r c  i s  a good an,recncnt 
betrrecn c a l c u l a t e d  and founded v a l u e s .  
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128 GAINA ET AL. 

TABLC. 3. Elemental Ilr;olys;s o f  t:ie :,io;io:?zrs IV( 3.-5) 

IV 4 C27;12~iH~i03 30.89 51.13 4 . 5 4  &.55 10.52 11.3E 
(532. $5) 

(545.51) 

., Iri 5 C,,;I12G!"1;08 61.53 51.35 4.7s 5.13 10.25 10.31 
L 3  
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POLY(AMIN0 BISMALEIM1DE)S. I 129 

Lk.37 12.00 11.82 

A.70 11.92 1 1 . 2 1  

4 .60  1 1 . 5 3  11.32 

5 .14  11 .47  11.12 

5.69 11 .25  10 .74  

6.55 11.95 12 .05  

5.3G 1 1 . 7 2  11.94 

5.44 11.50 10.C5 

5 .43  11.2E 11 .37  

5.37 11 .07  1 0 . 7 1  
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130 GAINA ET AL. 

TABLE 5. The Solubility of Polyners Va(l-S),and Vb(1-5) 

&%lyrner DliSO DllF HL!B DCE Chlorof orni Acetone Flethanol 
no. 

Va 1 ++ ++ ++ - 
\In 2 +-i- ++ -!-+ - 
Va 3 ++ ++ ++ - 
Va 4 i-+ ++ ++ - 
Va 5 ++ -k+ ++ - 
Vb 1 c+ -I-+ ++ - 
V'b 2 ++ ++ +-!- - 
Vb 3 ++ ++ -k+ - 
irb 4 c- +- +- - 
Vb 5 +- +- +- - 

~ ~ ~~~~ 

0.5 \7/v at 1?T. 
++!ligh soluble; +- Partially soluble; -1nsolubla. 

the viscosities were cieternined €or  the soluble parts.Al1 
the polyners from Vb series presented smaller viscosities 
in coaparison with Va series (excc?t for the 0.21 dL/z 
va lue  of poLycier Vb 3 ) .  'rhe solubilities of the polyners 
were evaluated in various solvents (0.5 Xw/v) and are lis- 
ted in Toble 5. 

A l l  polyners exhibited ;iigh solubility in aprotic dipo- 
l o r  solvents(i.e. D!:SO,I)::P,IITtIP). The polymers Vb 4 and 
Vb 5 are incomplete s o l u b l e  in Dli;::,iIIP,probably due to 
partially cross1inki:ig. In other type of solvents a l l  po- 
lyiners are insoluble. 

The thcrnal sta3ilities of the polyrners tra(2-5)and Vb 
(1-5)  were evaluated in nir at n iieztinr; rate of  12°C/nin 
(Tablc 5 ) .  
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'I'ABLE 5. The Thcrca l  S t a b i l i t y  of Polymers Va(1-5) and 
Vb( 1-5) .  

i n  a i r  

v s  1 
Va 2 
Va 3 
Va 4 
Va 5 
Vb 1 
Vb 2 
Vb 3 
Vb 4 
Vb 5 

230 
275 
265 
255 
275 
220 
255 
265 
275 
255 

3 7 2  
335 
320 
335 
345 
270 
340 
320 
330 
330 

42 
4 4 
43 
38 
45 
45 
20 
25 
37 
2s 

aTcnperature  of i n i t i a l  weight l o s s .  

b:iaximum polymer decomposition temperature .  
Char y i e l d  a t  600OC.  C 

b.11 t h e  polymers shoved s i m i l a r  decomposition p a t t e r n s .  
I t  can be seen t h a t  a l l  polyrners,except of Va 1 and Vb 1 
were thermal ly  s t a b l e  up t o  255-275'C i n  a i r .  Polymers 'IJa 

1 and Vb 1 having only two ne thylene  groups i n  t h e  s t ruc-  
t u r a l  u n i t  s t a r t e d  lo s ing  weight a t  lower temperatures  ( 
2SC and 220 , r e spec t ive ly ) .  Taliin% i n t o  account the TIFE 
d a t a  one can observe a l i t t l e  h ighe r  thermal s t a b i l i t y  f o r  
Va( 1 - 5 ) s e r i e s  than Vb( 1-5) ones ,whi le  t he  PDT va lues  a r e  
almost tke same f o r  bo th  s e r i e s .  
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132 GAINA ET AL. 

CONCLUSIONS 

iicw no ly (  a a i n o  b i s n a 1 e i n i d e ) s  co1i t s in i i l3  uret ':lsric and 
n e t h y l m e  l i n k s  were s y n t h e s i z e d  by t h e  a d d i t i o n  r eac t i -  
on of  tr;o a r o m a t i c  d i a n i n c s  t o  v a r i o u s  Lisnn? .e imides  w i t h  
t h e  aira t o  improve t h e  p r o c e s s i b i l i t y  of  s u c h  k i n d  o f  ma- 
t e r i a l s .  

T!ic poijrners p r e s e n t  a c c e p t a b l e  h i g h  t h e r n a l  s t a b i l i t y  
nild ex i i i 'o i t  s o f  te l l ing  p o i n t s  :ii:;her t h a n  3CO'C. 
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