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Summary 
The chemical  modif icat ion of poly(2,6-dimethyl-  1,4-phenylene oxide)  

(PPO) has been car r ied  out by incorporat ing amide groups on PPO backbone 
by e lec t rophi l ic  subst i tut ion reac t ion  with isocy~nates .  The modified polymers  
obtained have been cha rac t e r i zed  by IR and ~-I-NMR spectroscopy,  ni trogen 
analysis,  solubil i ty tes t s  and X-ray d i f f rac t ion  studies.  

Introduction 
Polymer modif icat ion is a rapidly expanding f ield of polymer science. 

The modif icat ion of existing synthetic and natural ly occuring polymers is 
intended to improve some of their properties such as enhanced thermal stabi l i ty ,  
f lex ib i l i ty ,  solubi l i ty and so on. Poly(2,6-dimethyl- 1,4-phenylene oxide) 
(PPO), one of the most widely used engineering plastics, has been modif ied 
by side chain bromination (I-3), phosphorylation (2-4), vinylat ion (5), carboxy- 
lation (6-7) and Friedel-Crafts reaction (8) such as acylation and sulfonylation. 

We report herein the modif icat ion of PPO by incorporation of amide 
groups on PPO aromatic units by electrophi l ic substitution reaction with 
isocyanates in the presence of aluminium tr ichloride. This modif icat ion 
leads to a series of random copolymers as shown in the fol lowing reaction 
scheme. 

i) AtCt s 
L -"CH3 J• ii) R-NCO = ~1 

PPO . . . PPO-Amide (PPO-AM) ~oH 
Where  R=C6H 5-,CHS(CH2)2- ,CH3(CH2) 3-  R 

Preliminary characterizat ion data such as IR and [H-NMR spectra, percent 
nitrogen, solubi l i ty and X-ray d i f f ract ion has been presented for these copoJy- 
mers. 

The aim of these investigations is to use these modified polymers 
as membrane materials for gas separation as well  as for desalination and 
to study the miscibi l i ty  behaviour of blends of PPO-amide wi th polystyrene, 
nylons, etc. Further, these modified polymers are interesting in their  own 
right since they can be modified further to PPO-acid and various carboxylate 
derivatives such as esters, anhydrides, salts, etc. These studies wi l l  be reported 
in subsequent papers. 

* NCL Communication No. 4455 
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Experimental  
Materials : PPO was synthesised according to a l i tera ture  procedure(9). 

The measured intrinsic viscosity was 0.55 dl/g (CHCIa, 30~ Phenyl isocya- 
nate (98%), butyl and propyl isocyanate (98%) were obtained from M/s. Fluka 
and Aldrich Chemical  Co. respect ively.  AR grade anhydrous aluminium tri-  
chloride was used as received.  All the solvents were distilled prior to use. 

Synthesis of PPO-AM : Al l  the experiments have been carr ied out 
at f ixed concentrat ion of PPO (I  tool), isocyanate (I  tool) and aluminium 
t r ich lor ide ( I . I  tool). A mix ture 5.0 g of dried PPO and 60 ml of ni trobenzene 
was placed in 250 ml round bot tom flask f i t t ed  wi th a mechanical st i rrer,  
a thermowel l  and a ni trogen gas inlet .  PPO was dissolved under dry nitrogen 
stream at 80~ and required amount of a luminium t r ich lor ide was added. 
A f te r  the cata lyst  was dissolved the calculated amount of isocyanate was 
added gradual ly over a period of 15 minutes wi th constant st irr ing. The 
react ion was continued fur ther for a f ixed period as shown in Table I. A t  
the end of react ion, polymers PPO-AMI and PPO-AM2 were isolated by 
breaking the aluminium t r ich lor ide complex by adding the react ion mix ture 
dropwise into acidulated methanol and f ina l ly  washed wi th dist i l led water  
t i l l  acid free. Since polymers PPO-AM3 to PPO-AM6 were found to be 
soluble in methanol,  they were prec ip i ta ted in petroleum ether (60-80~ 
The polymers were f i l te red  o f f  and subsequently suspended in acid i f ied water 
(5 volume % HCI) for  3-# h. They were washed wi th addi t ional  acid i f ied 
water  and f ina l ly  wi th  dist i l led water,  t i l l  acid free. Al l  the polymers were 
vacuum dried at g0~ to constant weight.  

Techniques : The IR spectra were recorded on a Pye Unicam SP-3 
300 spect rophotometer .  The *H-NMR spectra were recorded on a varian 
FT-80A instrument.  The percent  nitrogen was es t imated by Dumas method. 
The X-ray dif f ractograms were obtained with a Phillips X-ray unit (Phillips 
generator ,  PW-1730) and a Ni f i l tered Cull4-radiations. 

Results and Discussion 
Amides are formed from the react ion of aromatic  hydrocarbons 

with isocyanates in the presence of Pr iedel -Craf ts  catalyst  such as aluminium 
t r ich lor ide (I 0). 

AIC~3 $+ ~- 
R-N=C=O ~ R-N=C ...... O .... .  AICI 3 

ArH 
Ar-CONH-R 

A simi lar e lect rophi l ic  subst i tut ion reactions are expec ted  to take 
place on PPO backbone due to high nucleophi l ic centres present in the te t ra-  
substi tuted aromat ic  units. As the complex format ion between isocyanate 
and aluminium t r ich lor ide requires an equivalent quant i ty  of metal  hal ide 
a sl ight excess over molar equivalent of a luminium t r ich lor ide has been used 
for the react ion of PPO wi th isocyanates. The excess of aluminium t r ich lo-  
r ide w i l l  serve as a catalyst .  

Table l presents the exper imenta l  condit ions used for the e lect ro-  
phi l ic subst i tut ion react ion of isolcyanates on PPO backbone and molar degree 
of subst i tut ion determined by "H-NMR spectroscopy and from the percent 
ni trogen. 
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Table 1 

Modification of PPO with i socyanates  

Polymer Isocyanate  % Molar degree  Molar degree  
Time Temp. n i t ro-  of  subst i tut ion of subst i tu-  

h oC gen (from 96 ni t ro-  liion (from 
gen) "H-NMR) 

PPO-AMI C6HsNCO 5 80 3.95 0.51 0.50 

PPO-AM2 C6HsNCO 10 80 4.25 0.57 0,56 

PPO-AM3 CH3(CH2)2NCO 5 80 4.18 0.48 0.50 

PPO-AM4 CH3(CH2)2NCO 10 80 4.43 0.52 0.54 

PPO-AM5 CH3(CH2)3NC O .s 80 4.13 0.50 0.51 

PPO-AM6 CH3(CH2)3NCO 10 80 4.58 0.58 0.57 

Typical 1H-NMR spec t ra  of PPO and PPO-AM polymers  are  presen-  
ted  in Figure I together  with the  assignment  of their  proton resonances.  
Multiple resonances for the methyl  groups of the  modified polymers  should 
be due to the  sequence distr ibution of the s t ruc tura l  units.  In the NMR 
spectrum of phenyl i socyanate  modified PPO~ (Figure 1 b), the  amide-NH 
could not be assigned since i t  was merging with a roma t i c -p ro ton  resonances.  

The molar degree of substitution of the PPO aromatic units was 
determined from the ratio of the integrals of proton resonances due to unsubs- 
t i tuted 2,6-dimethyl- I,q-phenylene units (signal HL at ~ =6.40 ppm) and 
substituted units [signal H at o c =6.10 (Figure Ib) aUnd signal H at O =6.02 
(Figures l c  and ld)]. c c 

L \ HI~-~'~CH3 ln-a 
n 

R 

The fol lowing relationship has been used to claculate the molar 
degree of substitution. 

Ic 
Molar degree of substitution : Ic/2 + Ib 

Where Ib and Ic represents the integrals of protons desigr~aled as 'b' and 'c' 
in the Figures Ib, ic  and Id respectively. 

The presence of e lec t ron  withdrawing carbonyl  group of the amide 
linkage a t t ached  to a PPO a romat ic  unit decreases  the  nucleophi l ic i ty  of 
the unsubst i tuted position, hence no disubst i tut ion of a roma t i c  units was 
observed.  At  the same t ime unreacted  posit ions are  screened by the bulky 
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substituents and thus the steric ef fect  makes the unreacted positions un- 
accessible, In al l  the cases~ monosubstitution was demonstrated by measuring 
the rat io between the integrals of the unsubstituted aromatic proton of 
the substituted phenylenic units and some representative protons from the 
newly attached pendant groups. For example~ the ratio between the signals 
c and f from spectrum (Figure lb) and the rat io between the signals c and 
g from spectrum (Figure lc) and c and f from spectrum (Figure ld) were 
used to demonstrate monosubstitution. 

The molar degree of substitution has also been calculated from the 
percent nitrogen~ by using the fol lowing equation. 

1# X Y 
120 + XM 100 

Where M = molecular weight of isocyanate used 
X = molar degree of substitution 
Y = percent nitrogen estimated 

The molar "degree of substitution obtained by IH-NMR spectra and 
from percent nitrogen is in good agreement. 

F i g u r e  2 r e p r e s e n t s  s o m e  t y p i c a l  IR s p e c t r a  of  p a r e n t  P P O  and  i so -  
c y a n a t e  m o d i f i e d  P P O  s a m p l e s .  The  a t t a c h m e n t  of  p e n d a n t  a m i d e  g r o u p s  
in t h e  i s o c y a n a t e  _Modified P P O  _~a mple s  w a s  c o n f i r m e d  by t h e  p r e s e n c e  
o f  b a n d s  a t  3320 c ' m - -  and  1650 c m  " due  to  - N H  s t r e t c h i n g  and  C=O s t r e t c h -  
ing v i b r a t i o n s ,  r e s p e c t i v e l y .  

Table 2 

Solubil i ty of PPO and isocyanate modified PPO 

S o l v e n t  
P o l y m e r  N i t r o -  C h l o -  DMF DMSO NMP DMA M e t h - A c e -  E t h -  M e t h -  

b e n -  r o f o r m  y l e n e  t o n e  ano l  ano l  
z e n e  c h l o -  

r ide  

P P O  + + + 

P P O - A M I  + + + + + + + 

P P O - A M 2  + 4- + + + + + 

P P O - A M 3  + + + + + + + 

P P O - A M #  + + + + + + + 

P P O - A M 5  + + + + + + + 

P P O - A M 6  § + + + + + + 

4- + + 

4- + + 

+ + + 

4- + + 

+ = Soluble, - = Insoluble, _+ = Tendency of crystal l izat ion. 

Table 2 presents the solubi l i ty characteristics of isocyanate modified 
PPO. Unlike parent PPO, these polymers are soluble in dipolar aprotic solvents 
l ike dimethyI sulfoxide (DMSO) 9 N,N-dimethyl formamide (DMF) and N,N-di- 
methylacetamide (DMA)~ which are conventional solvents for the preparation 
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of asymmetric membranes. The broad range of solvents available for modified 
PPO enhances the possibility of casting f i lms as polymer membranes from 
a large number of solvents. Like sulfonylated and acylated PPO polymers (8), 
PPO-AM polymers do not crystal l ize from methylene chloride and form stable 
solutions. 

. . . .  3~) . . . .  2 5  . . . .  I , ,  i , ~  . . . .  l iO , ,  3 5  2 0  5 
4 - - 2 e  

FIGURE 3 X-RAY DIFFRACTION PATTERNS OF PPO(G)D 
PPO MODIFIED WITH PHENYL ISOCYANATE(b )~ 
PPO MODIFIED WITH BUTYL ISOCYANATE(r AND 
PPO MODIFIED WITH PROPYL ISOCYANATE ( d )  
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Powder X-ray dif fract ion studies (Figure 3) indicated that the parent 
PPO exhibits pattern for typical semicrystalIine polymer. On the other 
hand, PPO-AM polymers showed the pattern typical of amorphous materials. 

Conclusion 
The chemical modification of PPO has been successfully carried 

out by incorporation of amide groups on PPO aromatic units by electrophil ic 
substitution reaction with aromatic and aliphatic isocyanates. The isocyanate 
modified PPO polymers are soluble in a broad range of solvents. 
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