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Interfacial Polycondensation in Aqueous and 
Non-Aqueous Systems 

Naoya Ogata,  Kohei Sanu i ,  Takao Onozaki,  a n d  Shoehei  Imanishi 

Department of Chemistry 
Sophia University 
7 Kio-Cho, Chiyoda-Ku 
Tokyo , Japan 102 

ABSTRACT 

In te r fac ia l  polycondensation i n  aqueous and non-aqueous systems 
has been investigated i n  order t o  synthesize various polyamides 
having functional groups. Rigid aromatic polyamides having 
pyridine moieties (PPy) were synthesized by in t e r f ac i a l  poly- 
condensation u s i n g  an aqueous system and the  so lu t ion  proper t ies  
of PPy i n  concentrated s u l f u r i c  acid were investigated in terms 
o f  solution v iscos i ty  and lyo t ropic  behavior. In t e r f ac i a l  poly- 
condensation i n  a non-aqueous system u s i n g  two immiscible solvents 
was found t o  be useful f o r  the synthes is  of aromatic polyesters 
and copolyesters. 

INTRODUCTION 

An i n t e r f ac i a l  polycondensation reac t ion  takes place a t  t h e  
in t e r f ace  between a solution of a d ibas ic  acid chloride i n  a 
water-immiscible organic solvent and a water so lu t ion  o f ,  f o r  
example, a diamine containing an acid acceptor.  
useful t o  prepare various condensation polymers including poly- 
amides o r  polyesters under m i l d  conditions. 

This reac t ion  i s  
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1060 OGATA ET AL. 

However, hydrolysis of the acid halide,  which i s  always a 
possible s ide  reac t ion ,  may compete w i t h  the  acyla t ion  reaction 
t o  prevent the formation of a h i g h  polymer. 
monomer has somewhat lower s o l u b i l i t y  i n  water, the reaction must 
be car r ied  out i n  d i l u t e  so lu t ion ,  which leads t o  a poor y i e l d  of 
the resu l t ing  polymer w i t h  a low molecular weight. Therefore, an 
in t e r f ac i a l  polycondensation using immiscible binary solvents 
would appear t o  be the most useful route f o r  the  preparation of 
condensation polymers from monomers which a r e  1 ess - reac t ive  w i t h  
acid chloride and less-soluble in  water. 

Moreover, when a 

This paper deals w i t h  the synthesis of various polyamides and 
polyesters by means o f  the  in t e r f ac i a l  polycondensation method i n  
aqueous and non-aqueous systems, espec ia l ly  in  terms of the 
synthesis of aromatic polymers having functional groups. Deta i l s  
were published elsewhere [1,2]. 

RESULTS A N D  DISCUSSION 

In ter fac ia l  Polycondensation i n  Aqueous System 

There has been extensive work i n  the f i e l d  of lyo t ropic  
l iquid-crystal1 ine polymers which have a highly r i g i d  s t ruc tu re  in 
concentrated so lu t ions .  
aromatic polyamides; a typical polymer of this family i s  p o l y ( p  
phenyleneterephthalamide) , known in f i b e r  form as  Kevlar, and 
f ibe r s  w i t h  an extremely h i g h  t e n s i l e  strength have been obtained 
from t h i s  polymer by a wet-spinning method by v i r tue  of h i g h  
o r ien ta t ions  of the polymer molecules owing t o  the lyo t ropic  
l iqu id-crys ta l l ine  proper t ies  of t he  polymer so lu t ions .  

of a r ig id  polymer having polar groups w i t h i n  the  backbone o f  the 
polymer chain since these polar g roups  may i n t e r a c t  with each 
other i n  concentrated so lu t ions .  Therefore, f u l l y  aromatic poly- 
amides containing pyridine moieties have been synthesized and the  

Such a family o f  polymers i s  the  f u l l y  

I t  was of i n t e r e s t  t o  inves t iga te  the  lyo t ropic  proper t ies  
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AQUEOUS AND NON-AQUEOUS SYSTEMS 1061 

lyo t ropic  l iquid-crystal  l i n e  proper t ies  of the concentrated 
so lu t ions  in  s u l f u r i c  acid have been investigated [ l ] .  

molar equal amount of potassium carbonate was mixed w i t h  a so lu t ion  
of various solvents containing 2,5-pyridinedicarboxylic acid 
ch lor ide  (PyCC). Polymers formed a t  the in t e r f ace  were i so l a t ed  
by an u l t racent r i fuge  and washed repeatedly w i t h  water, followed 
by washing w i t h  methanol and dried. 

were investigated by dissolving the polymers i n  concentrated 
s u l f u r i c  acid o r  in a mixed solvent ( 1 : l )  of  N-methylpyrrolidone/ 
hexamethylphosphorictriamide containing 3 w t %  of LiCl . 
t rop ic  behavior of the  so lu t ion  was observed under a polarized 
microscope a t  various temperatures using a heating s tage .  

An in t e r f ac i a l  polycondensation of 2,5-PyCC w i t h  pphenylene-  
diamine i n  an aqueous system was car r ied  out and i t  was found t h a t  
water-immiscible solvents such a s  methylene ch lor ide ,  chloroform, 
benzene, toluene, and m-xylene gave a quan t i t a t ive  y i e ld  of the  
corresponding polyamide. 
chloride/water system a t ta ined  the  highest  so lu t ion  v i scos i ty  (over 
1.2) f o r  the resu l t ing  polymer. Since 2,5-PyCC is more r eac t ive  
than terephthaloyl ch lor ide ,  such hydrophilic solvents a s  cyclo- 
hexanone o r  tetrahydrofuran caused a pa r t i a l  hydrolysis so t h a t  
both y i e lds  and so lu t ion  v i s c o s i t i e s  of the  polyamides were not 
s a t i s f ac to ry .  

The polymer and copolymer derived from 2,5-PyCC were qu i t e  
s t ab le  up  t o  4OO0C, although increasing the units of incorporated 
2,5-PyCC reduced the thermal s t a b i l i t y  i n  comparison w i t h  
poly(p-phenylene terephthalamide). 
points nor g lass  t r a n s i t i o n  temperatures were observed i n  these 
polymers by means o f  DTA o r  DSC. 

and a lyo t ropic  behavior o f  the concentrated so lu t ions  was ob- 

A n  aqueous so lu t ion  of p-phenylenediamine containing an equi- 

Lyotropic properties of the polymers having pyridine moieties 

The lyo- 

Among these sol vents the  methyl ene 

Neither d i s t i n c t  me1 t i n g  

Sul fur ic  acid dissolved the polymers t o  a h i g h  concentration 
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1062 OGATA ET AL. 

served from iso t ropic  t o  an iso t ropic  solutions w i t h  increasing 
concentrations of the polymers. The co lor  of the  concentrated 
so lu t ions ,  which showed an an iso t ropic  property, was dark brown, 
and an opaline l u s t e r  appeared upon s t i r r i n g  o r  allowing the solu- 
t ions  t o  flow, owing t o  a high o r i en ta t ion  of the  r ig id  polymer 
chains. 

alamide), PT, exhibited a d i f f e r e n t  behavior from t h a t  of the 
polyamide from PyCC i n  t h a t  the PT so lu t ion  showed an op t i ca l ly  
anisotropic behavior a t  much lower concentrations and higher 
temperatures i n  comparison w i t h  t he  so lu t ion  of the  polyamide from 
PyCC. 
of the  l a t e r  polyamide owing t o  t h e  basic pyridine moieties i n  the  
r ig id  polymer chains i n  comparison w i t h  PT molecules in  concen- 
t ra ted  so lu t ions .  

The phase diagram of the  so lu t ion  of poly(ppheny1eneterephth-  

These phenomena might be ascribed t o  the b e t t e r  s o l u b i l i t y  

In te r fac ia l  Polycondensation in  Non-Aqueous Systems 

An i n t e r f ac i a l  polycondensation o f  terephthaloyl ch lor ide  w i t h  
bisphenol A or resorcinol was ca r r i ed  out by u s i n g  such immiscible 
binary sol vents as adiponi t r i  le/carbon t e t r ach lo r ide ,  adiponi t r i l e /  
d i  butyl e the r ,  ethylene glycol/carbon t e t r ach lo r ide ,  and ethylene 
glycol/benzene systems. 
i n  a polar solvent a t  a desired concentration i n  the  presence of a 
two fold number of moles of tr iethylamine as ac id  acceptor,  while 
terephthaloyl chloride was dissolved i n  a non-polar solvent.  The 
two immiscible so lu t ions  were mixed w i t h  vigorous s t i r r i n g  a t  room 
temperature f o r  5 minutes and the  solutions were poured i n t o  excess 
acetone and the  prec ip i ta ted  polymers were recovered by f i l t r a t i o n .  

binary sol vents was useful f o r  preparing aromatic polyesters i n  
terms o f  y ie lds  and so lu t ion  v i s c o s i t i e s  of t he  resu l t ing  poly- 
e s t e r s ,  when compared w i t h  the in t e r f ac i a l  polycondensation i n  
aqueous systems. 

Bisphenol A o r  resorcinol was dissolved 

I t  was found t h a t  the in t e r f ac i a l  polycondensation using 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



AQUEOUS AND NON-AQUEOUS SYSTEMS 1063 

Among the  combi nati  ons o f  i mmi sc i  bl  e bi nary sol vent sys tems , 
the  adiponi tri le/carbon t e t r ach lo r ide  system was super ior  t o  
o ther  solvent systems and aromatic polyesters having inherent 
v i scos i t i e s  as h i g h  as 0.9 were obtained i n  quant i ta t ive  y i e l d .  

phthaloyl chloride was car r ied  out  by the i n t e r f a c i a l  polyconden- 
sa t ion  using non-aqueous systems. Generally speaking, the com- 
posit ions of the resu l t ing  copolyesters were almost the same as  
those of the monomer feed r a t i o s ,  while so lu t ion  v i s c o s i t i e s  
reached a maximum value of 0.8 i n  the range of  feed r a t i o  o f  50/50 
of bisphenol A and resorcinol . 

solvents were determined [3] i n  binary solvents a t  room temper- 
a ture  and found t o  be very d i f f e r e n t  according t o  the binary 
systems. Therefore, sequence d i s t r ibu t ion  of the  copolyesters 
could be controlled from random t o  block types by the se lec t ion  
of the binary solvents.  

Copolycondensation of bisphenol A and resorcinol w i t h  t e re -  

Pa r t i t i on  coef f ic ien ts  of bisphenols between two immiscible 
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