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THERMODYNAMICS OF THE AQUEOUS IMMERSION OF A SERIES OF IMIDAZOLES 

D.E.  S t o r e y ,  Pharmaceut ics  Department, The School of  Pharmacy, Univers i ty  of  
London, 29-39 Brunswick Square,  London W C l N  1AX. 

The wet t ing  and d i s p e r s i o n  of  powdered materials i n  both  p o l a r  and nonpolar 
l i q u i d s  i s  o f t e n  a n  impor tan t  s t e p  n o t  o n l y i n t h e i r  p r o c e s s i n g  b u t  a l s o  i n  t h e i r  
a d m i n i s t r a t i o n  as  dosage forms such as c a p s u l e s  and a e r o s o l s .  General  t echniques  
used t o  assess t h e  r e l a t i v e  hydrophobic i ty  and d i s p e r s i b i l i t y  of  powders are t h e  
measurement o f  c o n t a c t  a n g l e s ,  u s i n g  powder compacts (Kossen and H e e r t j e s ,  1965) 
or l i q u i d  p e n e t r a t i o n  (Hansford e t  a l l  1 9 8 0 ) ,  o r  d e t e r m i n a t i o n  of  s ink ing  t i m e s .  
All of  t h e s e  techniques  o n l y  p r o v i d e  l i m i t e d  informat ion  and g i v e  l i t t l e  or no 
i n s i g h t  i n t o  t h e  under ly ing  e n e r g e t i c s  of t h e  w e t t i n g  p r o c e s s .  However, i f  t h e  
Gibbs f r e e  energy,  e n t h a l p y  and entropy f o r  immersion of powders were determined 
t h e s e  thermodynamic f u n c t i o n s  could  be  used t o  provide  a much g r e a t e r  understand-  
i n g  o f  t h e  f a c t o r s  c o n t r o l l i n g  t h e  w e t t i n g  and d i s p e r s i o n  of  powders. The com- 
pounds s t u d i e d  were imidazole  ( I ) ,  2-methylimidazole ( I I ) ,  metronidazole  (1111, 
4-ni t roi inidazole  ( I V )  and 2-methyl-5-nitroimidazole ( V )  none o f  which showed 
evidence of  polymorphism. 
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Contact  a n g l e  measurements were made a t  298K us ing  powder compacts. E n t h a l p i e s  
of immersion were a lso measured a t  298K wi th  a Tronac 450 calorimeter by breaking  
s e a l e d  l c m 3  th in-wal led  g l a s s  b u l b s  c o n t a i n i n g  0 . 3  t o  0.59 of  t h e  vacuum d r i e d  
powders i n t o  50cm3 of  t h e i r  r e s p e c t i v e  s a t u r a t e d  s o l u t i o n s .  S p e c i f i c  s u r f a c e  
areas of  t h e  powders were determined by n i t r o g e n  a d s o r p t i o n  ( S t r b h l e i n  a reameter ) .  
The theory  and e s s e n t i a l  thermodynamic equat ions  f o r  immersion of powders i n  
l i q u i d s  has  been r e c e n t l y  publ i shed  (Schrbder ,  1 9 8 4 ) .  From t h e  c o n t a c t  a n g l e ,  
8 ,  and t h e  s u r f a c e  t e n s i o n  o f  t h e  wet t inq  l i q u i d ,  yLv, t h e  Gibbs f r e e  energy of  
immersion, A i ~ ,  w a s  c a l c u l a t e d  u s i n g  A ~ G  = -y Cos 8 .  

Table  1. Parameters  determined f o r  compounds I t o  V 

Compund S p e c i f i c  S u r f a c e  Enthalpy of immersion Contac t  Gibbs f r e e  energy 

LV 

A r e a  (m’g-’) a t  298K (Jm-’) Angle of  immersion a t  
298K (mJrn-’) 

I 
I1 

111 
I V  

V 

0.352 
0.396 
0.309 
0.811 
1.28 

44.3 
33.6 

4 .04  
-0 .21  

2.81 

44 
48 
50 
59 
64 

- 30 
-32 
-32 
-22 
-18 

From t h e  c o n t a c t  a n g l e  d a t a  above it i s  o n l y  p o s s i b l e  t o  conclude t h a t  e a s e  of 
wet t ing  d e c r e a s e s  f o r  compounds I t o  V i n  t h a t  o r d e r ,  w i t h o u t  r e a l l y  understand-  
i n g  why. 
Spontaneous f o r  a l l  t h e s e  compounds. But o n l y  f o r  compound I V  i s  wet t ing  
favoured e n t h a l p i c a l l y ,  t h e  en tha lpy  of  immersion be ing  n e g a t i v e .  For compounds 
I, 11, I11 and V w e t t i n g  i s  e n t r o p i c a l l y  d r i v e n ,  m o s t  s i g n i f i c a n t l y  SO f o r  com- 
Pounds I and 11, s i n c e  t h e  e n t h a l p i e s  of immersion a r e  p o s i t i v e .  
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However, t h e  n e g a t i v e  Gibbs f r e e  e n e r g i e s  i n d i c a t e  t h a t  wet t ing  is 


