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KINETICS OF ELASTIC FILM FORMATION AT THE AlR/WATER INTERFACE 

B A Car l i n2 ,  B Warburtonl, J N C Healey2. IDepartment o f  Pharma eu t i cs ,  

Beecham, Welwyn Garden City, Herts.  AL7 l E Y ,  UK. 

The sur face rheology o f  acac ia a t  the a i r -water  i n te r face  shows a t i m e  dependent 
increase i n  surface shear e l a s t i c  modulus (GIs), cons i s ten t  w i t h  a sa turab le  
adsorbed surface excess. 
second order  coagulat ion k i n e t i c s ,  as appropr ia te  for  i n t e r a c t i n g  polymer 
segments. ( C a r l i n  e t  a1 1989). 
G's k i n e t i c s  over several  hours, a t  f o u r  b u l k  concentrat ions,  are shown as the 
do t ted  curves i n  F igure  1. A f t e r  4 hours the r a t e  o f  Increase i s  l i n e a r  and 
appears t o  be independent of  b u l k  concentrat ion.  The mean g rad ien t  can be used 
to  sub t rac t  the t i m e  dependent component from the  h igher  concent ra t ion  curves, 
which then reach a l i m i t i n g  value (as per coagu la t ion  theory)  o f  approximately 
12mN/m. 
concentrated acac ia so lu t i ons .  L i n e a r i t y  i s  cons i s ten t  w i t h  the n e t  e f f e c t  o f  
i r r e v e r s i b l e  d i f f u s i o n  to  sur face (p ropor t i ona l  t o  root t i m e )  and second order  
coagulat ion.  The t i m e  l a g  before e l a s t i c  f i l m  fo rmat ion  a t  lower b u l k  
concentrat ions i nd i ca tes  a minimum surface excess must f i r s t  occur,  ( d i f f u s i o n  
l i m i t e d  a t  lower concentrat ions) .  Surface v i s c o s i t y  measurements should r e f l e c t  
the b u i l d  up o f  molecules a t  the surface, b u t  proved too dependent on the 
predominant e l a s t i c  e f f e c t s .  
A h igher  pH should increase in te rmolecu la r  repu ls ion  o f  a po lyanion such as 
acacia,  reducing G I s .  F igure  2 shows t h a t  the  sur face e l a s t i c i t y  o f  a 0.1% 
aqueous s o l u t i o n  i s  e l im ina ted  by adding NaOH and, conversely, strengthened by 
adding HC1. The a d d i t i o n  o f  a b i f unc t i ona l  base such as p iperaz ine,  t o  cross- 
l i n k  the  acacia,  a l s o  increases the  surface e l a s t i c i t y .  Th is  i s  cons i s ten t  w i th  
use o f  p iperaz ine  arabate, (from the i n t e r f a c i a l  r e a c t i o n  between acacia and the 
base), as a novel microcapsule wa l l  former. (Sundararajan and Speaker, 1990). 
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This  increase i n  GIs i s  not accura te ly  represented by 

This  value corresponds t o  the e l a s t i c  modulus a t  f r e s h  surfaces o f  
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