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USE OF ELECTROPHORESIS TO PREDICT COMPLEX COACERVATION 

D.J. Burgess and J.E. Carless, The School of Pharmacy, U n i v e r s i t y  of London, 
29-39 Brunswick Square, London W . C . l .  

E l e c t r o p h o r e t i c  measurements o f  t h e  po ly ions  g e l a t i n  and acacia were used t o  
determine the pH range where complex coacerva t i on  i s  l i k e l y  t o  occur. 

The acacia was o f  B.P. q u a l i t y ;  
cessed) Bloom No.256, i s o e l e c t r i c  pH 8.3 Mn (osmometry] 4.7 x l o 4 ;  and Type B 
( a l k a l i  processed) Bloom No.250, i s o e l e c t r i c  pH 4.8, Mn 4.6 x l o 4 .  I n  o rde r  t o  
undertake m ic ro -e lec t rophores i s  the  po ly ions  were adsorbed onto c o l l o i d a l  s i l i c a  
and suspended i n  1 mM NaC1. The 
pH-e lec t rophore t i c  m o b i l i t y  p r o f i l e s  (Zeta-meter) a t  25OC were determined f o r  t he  
f o l l o w i n g  po ly ions :  acac ia (0.02%); 
(0.02%); acac ia (0.01%) + g e l a t i n  Type A (0.01%); acac ia  (0.01%) + g e l a t i n  Type B 
(0.01%); and g e l a t i n  Type A (0.01%) .t g e l a t i n  Type B (0.01%). The e l e c t r i c a l  
equiva lence pH (E.E.P.) i . e .  t he  pH value where two p o l y i o n s  have an equal and 
o p p o s i t e  charge was obta ined f o r  each o f  the th ree  p o l y i o n  combinations, f rom the 
i n d i v i d u a l  p o l y i o n  m o b i l i t y  p r o f i l e s  and have t h e  f o l l o w i n g  va lues:  acac ia + g e l -  
a t i n  Type A, pH 3.8; and g e l a t i n  Type A + g e l -  
a t i n  Type B y  pH 5.4. The r e s p e c t i v e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  t h e  i n d i v i d u a l  
p o l y i o n s  a t  the E.E.P. f o r  t h e  above combinations were 1.6, 1.5, and 0.5 
( v m  s- ’  V-’cm). 
m ix tu res  a t  zero e l e c t r o p h o r e t i c  m o b i l i t y .  

Fo l l ow ing  the  work o f  Veis (1970) on g e l a t i n  Type A and B coacervat ion,  t h e  pH f o r  
optimum coacerva t i on  should be a t  t he  E.E.P. 
crease on e i t h e r  s i d e  o f  t h i s  pH and reach zero when t h e  po ly ions  no l onger  have 
oppos i te  charges. 
acac ia  w i t h  g e l a t i n  Type A and Type B a t  4OOC. 

two types-of g e l a t i n  were used, Type A ( a c i d  pro- 

pH adjustment was made w i t h  1 mM NaOH o r  HC1. 

g e l a t i n  Type A (0.02%); g e l a t i n  Type B 

acac ia  + g e l a t i n  Type B y  pH 3.6; 

The E.E.P. va lues agreed w i t h  t h e  pH values o f  t h e  p o l y i o n  

The coacervate volume should de- 

F igu re  I shows the  e f f e c t  o f  pH on the  coacervate volume o f  

X *  FIGURE 1 
3 4  

0 = Acacia (2%) + g e l a t i n  Type A (2%) 
0 = Acacia (2%)  + g e l a t i n  Type B (2%) 
Y = E.E.P.of acac ia and a e l a t i n  Type A 
X = E.E.P.of acac ia and g e l a t i n  Type B. 
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The coacervate volume changes can be r e l a t e d  t o  t h e  changes i n  t h e  e l e c t r o p h o r e t i c  
m o b i l i t y  p r o f i l e s  o f  t h e  po ly ions .  The maximum coacervate volume and t h e  maximum 
y i e l d  o f  d r i e d  m;crocapsules formed f rom these coacervates i n  both cases occurred 
a t  t h e  E.E.P. The small  e l e c t r o p h o r e t i c  m o b i l i t y  a t  t h e  E.E.P. o f  t h e  g e l a t i n s  A 
+ d i n d i c a t e d  t h a t  coacer l la t ion was u n l i k e l y  by e l e c t r o s t a t i c  charge e f f e c t s  alone, 
Coacervation o f  g e i a t i n  and acacia d i d  n o t  occur  when the  e l e c t r o p h o r e t i c  m o b i l i t y  
o f  one o f  t h e  components had reached a va lue  as l ow  as t h i s .  
temperature drop t o  a i d  coacerva t i on  o f  t h e  two g e l a t i n s  have shown t h a t  coacerv- 
a t i o n  was s t i l l  con f i ned  w i t h i n  t h e  pH range where t h e  po ly ions  have oppos i te  
charges. 

These p r e l i m i n a r y  r e s u l t s  show t h a t  m ic roe lec t rophores i s  i s  a u s e f u l  t o o l  i n  pre-  
d i c t i n g  optimum c o n d i t i o n s  f o r  producing complex coacervates f o r  m ic roencapsu la t i on  
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