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Sum m ary .

I n  t h e  f i r s t  s e c t i o n  t h e  r e l a t i o n  b e tw e e n  s o l u 

b i l i t y ,  pH a n d  d i s s o c i a t i o n  c o n s t a n t  i s  a p p l i e d  t o  t h e  

d e t e r m i n a t i o n  o f  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  p - c h l o r o - ,  

p - b r o m o - a n i l i n e  a n d  b e n z i d i n e  by  m e a s u r i n g  t h e  s o l u b i l i t i e s  

a t  v a r i o u s  p H s .  W i th  p - c h l o r o -  a n d  p - b r o m o r - a n i l i n e  t h e  

v a l u e  f o u n d  a g r e e d  w e l l  w i t h  t h a t  o b t a i n e d  b y  p o t e n t i o -  

m e t r i c  t i t r a t i o n  o f  a  s o l u t i o n  o f  t h e  s u b s t a n c e ,  d i s s o l v e d  

i n  s t a n d a r d  h y d r o c h l o r i c  a c i d ,  w i t h  c a u s t i c  s o d a  u s i n g  a  

g l a s s  e l e c t r o d e .  W i th  b e n z i d i n e  t h e  p o t e n t i o m e t r i c  

t i t r a t i o n  w as c a r r i e d  o u t  s u c c e s s f u l l y  b u t  d i f f i c u l t i e s  

w e r e  e n c o u n t e r e d  i n  t h e  s o l u b i l i t y  m e th o d .

The s e c o n d  a n d  m a in  s e c t i o n  o f  t h e  w o rk  i s  c o n 

c e r n e d  w i t h  m e a s u r i n g  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  b e n z o i c  

a c i d  i n  m ix e d  s o l v e n t s ,  v i z .  d i o x a n - w a t e r  m i x t u r e s ,  b y  

t h r e e  i n d e p e n d e n t  m e t h o d s :

a )  W i t h  t h e  c o n d u e t i m e t r i c  m e th o d  i t  w as n e c e s s a r y  t o  make 

m e a s u r e m e n t s  o n  p o t a s s i u m  b e n z o a t e  a n d  p o t a s s i u m  c h l o r i d e  

i n  o r d e r  t o  o b t a i n  a n  a c c u r a t e  v a l u e  o f  A 0 , t h e  c o n 

d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n ,  f o r  b e n z o i c  a c i d .  pKs 

a t  25°C. f o r  b e n z o i c  a c i d  i n  d i o x a n - w a t e r  m i x t u r e s  c o n t a i n 

i n g  0 ,  2 0 ,  3 0 ,  40 a n d  5 0 h  d i o x a n  by  w e i g h t  w e re  o b t a i n e d  

b y  a v e r a g i n g  r e s u l t s  f r o m  m e a s u r e m e n t s  o n  d i l u t e  s o l u t i o n s  

a n d  e x t r a p o l a t i n g  t h o s e  o n  m o re  c o n c e n t r a t e d  s o l u t i o n s .



b )  E .M .F .  m e a s u r e m e n t s  w e re  m ade i n  t h e  u s u a l  t y p e  o f  c e l l ,  

e m p lo y in g  s i l v e r - s i l v e r  c h l o r i d e  a n d  q u i n h y d r o n e  e l e c t r o d e s  

C o n s t a n t  r e s u l t s  w e re  o b t a i n e d  i n  a q u e o u s  s o l u t i o n  b u t  t h e  

r e s u l t s  i n  d i o x a n - w a t e r  m i x t u r e s  w e re  l e s s  a c c u r a t e  o w in g  

t o  a  d r i f t  i n  t h e  E . M . F . , p r e s u m e d  t o  be  d u e  t o  t h e  d e c o m 

p o s i t i o n  o f  t h e  q u i n h y d r o n e .  A h y d r o g e n  e l e c t r o d e  was 

t h e n  u s e d  i n  p l a c e  o f  t h e  q u i n h y d r o n e  e l e c t r o d e  a n d  m uch 

m ore  a c c u r a t e  r e s u l t s  w e r e  o b t a i n e d  e m p l o y i n g  a  p l a t i n u m  

s u r f a c e  i n  t h e  h y d r o c h l o r i c  a c i d  s o l u t i o n s  a n d  a  p a l l a d i u m  

s u r f a c e  i n  t h e  b e n z o i c  a c i d  s o l u t i o n s .

c )  The pHs o f  e x a c t l y  h a l f  n e u t r a l i s e d  s o l u t i o n s  o f  b e n z o i c  

a c i d ,  o b t a i n e d  b y  u s i n g  t h e  c r y s t a l l i n e  a c i d  p o t a s s i u m  s a l t  

w e re  m e a s u r e d  u s i n g  a  c a l o m e l  r e f e r e n c e  h a l f  c e l l  a n d  a  

g l a s s  e l e c t r o d e  i n  a n  a p p a r a t u s  d e s i g n e d  t o  g i v e  a s  r e 

p r o d u c i b l e  a  l i q u i d  j u n c t i o n  a s  p o s s i b l e .  The pH s c a l e  

w as s t a n d a r d i s e d  u s i n g  a q u e o u s  p h t h a l a t e ,  b o r a x  a n d  p h o s 

p h a t e  b u f f e r s  a n d  a l l  m e a s u r e d  pHs w e r e  r e f e r r e d  t o  t h e  

s t a n d a r d s  i n  v r n t e r .

A c o m p a r i s o n  o f  t h e  m e th o d s  o f  o b t a i n i n g  pK f r o m  pH m e a s u r e  

m e n t s  w as m ade  a n d  e x t r a p o l a t i o n  o f  a  g r a p h  o f  a p p a r e n t  pK 

a g a i n s t  i o n i c  s t r e n g t h  i s  r e c o m m e n d e d  i n  a l l  s o l v e n t s  u s e d  

e x c e p t  w a t e r ,  w h e r e  a n  a v e r a g e  v a l u e  was f o u n d  t o  be s a t i s 

f a c t o r y .  T h e r e  i s  a n  a p p r e c i a b l e  d i f f e r e n c e  b e t w e e n  t h e  

pK f o r  b e n z o i c  a c i d  i n  d i o x a n - w a t e r  m i x t u r e s  o b t a i n e d  b y  

t h e  pH m e th o d  and b y  t h e  c o n d u c t i m e t r i c  a n d  E .M .F .  m e th o d s



a n d ,  i n  t h e  d i s c u s s i o n ,  an  a r b i t r a r y  c o r r e c t i o n ,  b a s e d  

on m e a s u r e m e n t s  o f  t h e  pH o f  0 .01M  h y d r o  d a  1 o r i c  a c i d  i n  

m ix e d  s o l v e n t s ,  i s  s u g g e s t e d  i n  a n  a t t e m p t  t o  im p r o v e  

t h e  a g r e e m e n t .  The c h a n g e  i n  pK w i t h  c h a n g e  i n  s o l v e n t  

i s  a l s o  c o n s i d e r e d  a n d  i t  i s  f o u n d  t h a t ,  i n  d i o x a n - w a t e r  

m i x t u r e s  c o n t a i n i n g  u p  t o  50% d i o x a n ,  t h e  i n c r e a s e  i n  pK 

c a n  b e  a c c o u n t e d  f o r  e n t i r e l y  b y  t h e  i n c r e a s e d  s o l u b i l i t y  

o f  t h e  b e n z o i c  a c i d .

The t h i r d  s e c t i o n  r e p o r t s  c o n d u c t i m e t r i c  m e a s u r e 

m e n t s  o f  t h e  e l e c t r o l y t i c  d i s s o c i a t i o n  o f  m a g n e s iu m  s u l 

p h a t e  i n  w a t e r ,  10 a n d  20)^ d i o x a n ,  a n d  0 . 1 ,  0 . 2 5 ,  0 .5M  

a q u e o u s  g l y c i n e  s o l u t i o n s  a n d  o f  l a n t h a n u m  f e r r i c y a n i d e  

i n  0 . 1 ,  0 . 2 5 ,  0 .5M  a q u e o u s  g l y c i n e  s o l u t i o n s .  I t  i s  show n 

t h a t  a  s i m p l e  e l e c t r o s t a t i c  e x p l a n a t i o n  w i l l  a c c o u n t  f o r  

t h e  v a r i a t i o n  o f  d i s s o c i a t i o n  c o n s t a n t  w i t h  d i e l e c t r i c  

c o n s t a n t .
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E l e c t r o l y t i c  d i s s o c i a t i o n  l i a s  b e e n  t h e  s u b j e c t  o f  

m uch  i n t e r e s t i n g  w o rk  e v e r  s i n c e  A r r h e n i u s  d e v e l o p e d  h i s  

i o n i c  t h e o r y  a n d  sho w ed  t h a t  i t  c o u l d  a c c o u n t  f o r  e l e c t r o 

l y t i c  c o n d u c t i v i t y  a n d  f o r  v a n  ’ t  H o f f ’ s n i  f a c t o r ” .

O s t w a ld  a p p l i e d  t h e  Law o f  M ass A c t i o n  t o  t h e  e q u i l i b r i u m  

b e t w e e n  th e  s u b s t a n c e  a n d  i t s  i o n s  a n d  so  c a l c u l a t e d  t h e  

f i r s t  d i s s o c i a t i o n  c o n s t a n t s .  ;

T h e s e  d i s s o c i a t i o n  c o n s t a n t s ,  c a l c u l a t e d  b y  O s t w a l d ,  

t o o k  n o  a c c o u n t  o f  i o n i c  i n t e r a c t i o n  b u t  f o r m e d  t h e  b a s i s  

f o r  t h e  s t u d i e s  w h i c h  h a v e  l e d  t o  o u r  m o d e rn  v i e w s  o n  t h e  

p r o c e s s  a n d  e x t e n t  o f  d i s s o c i a t i o n .  T h a t  t h e  n a t u r e  a n d  

d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t  h a v e  a n  e f f e c t  w a s  f i r s t  

s u g g e s t e d  b y  N e m s t  ( l )  a n d  T hom son (2) a n d  show n  b y  t h e  

w o rk  o f  H a n t z s c h  (3 )  a n d  o t h e r s  ( 4 ) ,  a n d  a n  e x p l a n a t i o n  i n  

t h e  l i g h t  o f  t h e  B r o n s t e d  t h e o r y  (5 )  w as g i v e n  b y  Ham m ett ( 6 )  

L a t e r ,  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  o n  d i s s o c i a t i o n  c o n s t a n t s  

e s p e c i a l l y  i n  n o n - a q u e o u s  o r  m ix e d  s o l v e n t s ,  was r e c o g n i s e d  

a n d  c o m p r e h e n s i v e  a r t i c l e s  on t h i s  s u b j e c t  b y  E v e r e t t  a n d  

W y n n e - J o n e s  (7 )  a n d  b y  D ip p y  a n d  J e n k i n s  (8 )  h a v e  b e e n  p u b 

l i s h e d .  A r e v i e w  a r t i c l e  b y  D ip p y  (9 )  g i v e s  r e f e r e n c e s  t o  

a l l  t h e  i m p o r t a n t  w o rk  d o n e  u p  t o  1 9 4 1  i n  n o n - a q u e o u s  a n d  

p a r t i a l l y  a q u e o u s  s o l v e n t s .

T h e r e  a r e  f i v e  g e n e r a l  m e th o d s  a v a i l a b l e  f o r  d e t e r m i n 

i n g  d i s s o c i a t i o n  c o n s t a n t s ,  b a s e d  on  m e a s u r e m e n t s  o f



a )  c o n d u c t i v i t y ,  b )  e m f ,  c )  c o l o u r ,  d )  k i n e t i c s ,  e )  s o l u 

b i l i t y .  The f i r s t  t h r e e  m e th o d s  a r e  f a i r l y  g e n e r a l l y  

a p p l i c a b l e  a n d  g i v e  r e s u l t s  o f  h i g h  a c c u r a c y  b u t  u s e  o f  t h e  

l a s t  tw o i s  m o re  r e s t r i c t e d .

I t  h a s  b e e n  c l a i m e d  (1 0 )  t h a t  l i g h t  a b s o r p t i o n  i s  t h e  

b e s t  m e th o d  f o r  e s t i m a t i n g  t h e  d i s s o c i a t i o n  c o n s t a n t s  o f  

w e ak  o r  m o d e r a t e l y  s t r o n g  e l e c t r o l y t e s  b e c a u s e  i t  i s  n o t  

h i g h l y  d e p e n d e n t  o n  c o r r e c t i o n s  f o r  t h e  i n f l u e n c e s  o f  s o l u t e  

i o n s  a n d  n e u t r a l  m o l e c u l e s ,  w h e r e a s  t h e  c o n d u c t i v i t y  m e th o d  

i n v o l v e s  a s s u m p t i o n s  o f  v a r i a t i o n s  o f  i o n i c  m o b i l i t i e s .  

F r e e z i n g  p o i n t ,  v a p o u r  p r e s s u r e ,  o s m o t i c  p r e s s u r e  a n d  em f 

m e th o d s  a s s u m e  r e l a t i o n s  b e tw e e n  a c t i v i t i e s  a n d  c o n c e n t r a t i o n s  

a n d  som e em f m e th o d s  h a v e  a l s o  t h e  u n c e r t a i n t i e s  o f  l i q u i d  

j u n c t i o n  e f f e c t s .  An a c c u r a c y  o f  0 .1 %  i n  t h e  d e t e r m i n a t i o n  

o f  d i s s o c i a t i o n  c o n s t a n t s  i s  s t a t e d  (1 1 )  t o  b e  o b t a i n e d  b y  

r e f i n e d  o p t i c a l  m e th o d s  b u t  g e n e r a l  a p p l i c a t i o n  i s  l i m i t e d  

b y  tw o c o n s i d e r a t i o n s ,  1) i n  l i g h t  a b s o r p t i o n ,  o n e ,  a t  l e a s t ,  

o f  t h e  i o n s  m u s t  a b s o r b  l i g h t  o r  t h e  c o m p l i c a t i o n  o f  a n  

i n d i c a t o r  i s  n e c e s s a r y  a n d  t h e  m e th o d  i s  t h e n  l e s s  a c c u r a t e ;

2 )  i n  m e a s u r e m e n t  o f  i n t e n s i t y  o f  Raman r a d i a t i o n ,  t h e  p r o 

p o r t i o n a l i t y  b e t w e e n  t h e  i n t e n s i t y  a n d  t h e  c o n c e n t r a t i o n  h a s  

b e e n  i n v e s t i g a t e d  f o r  o n l y  a  v e r y  few  s u b s t a n c e s .

The c o n d u c t i v i t y  m e th o d  a s  u s e d  by  M c ln n e s  a n d  

S h e d l o y g s k y  (1 2 )  g i v e s  a n  a c c u r a c y  o f  0 .04% ' i n  d i s s o c i a t i o n



c o n s t a n t  w h i l e  E a r n e d  a n d  h i s  c o - w o r k e r s  (1 3 )  c l a i m  t h e  same 

a c c u r a c y  f o r  t h e i r  s e n s i t i v e  emf m e th o d  n o t  i n v o l v i n g  l i q u i d  

j u n c t i o n s .  B o t h  t h e s e  m e t h o d s ,  h o w e v e r ,  r e q u i r e  s p e c i a l i s e d  

t e c h n i q u e  a n d  e x p e n s i v e  a p p a r a t u s  a n d  i n v o l v e  m uch c a l c u l a 

t i o n  s o  a r e  n o t  s u i t e d  f o r  o r d i n a r y  u s e .  F o r  t h i s ,  m uch  u s e  

i s  b e i n g  m ade o f  a  g l a s s  e l e c t r o d e  I n c o r p o r a t e d  i n  a  c e l l  w i t h  

a  l i q u i d  j u n c t i o n  and  t h e  l o s s  o f  a c c u r a c y  i s  c o m p e n s a t e d  b y  

t h e  e a s e  i n  h a n d l i n g .  The u s e  o f  a  g l a s s  e l e c t r o d e  i n  n o n -  

a q u e o u s  a n d  m ix e d  s o l v e n t  h a s  b e e n  m uch  c r i t i c i s e d  ( 1 4 , 1 5 )  

a n d  q u i t e  l a r g e  e r r o r s  h a v e  b e e n  a t t r i b u t e d  t o  i t ,  t h o u g h ,  

w h e re  t h e  a q u e o u s  c o n t e n t  o f  th e  s o l v e n t  i s  f a i r l y  h i g h ,  I t  

d o e s  g i v e  s t e a d y  a n d  r e p r o d u c i b l e  v a l u e s  (1 6 )  w h i c h  a r e  u s e 

f u l  f o r  p u r p o s e s  o f  c o m p a r i s o n .  R e f e r e n c e s  to  r e c e n t  w ork  

u s i n g  a  g l a s s  e l e c t r o d e  i n  m ix e d  a n d  n o n - a q u e o u s  s o l v e n t s  a r e  

g i v e n  i n  a  r e v i e w  a r t i c l e  b y  R i d d i c k  ( 1 7 ) .  C o l o r i m e t r y  

u s i n g  v i s i b l e  l i g h t  a n d  i n d i c a t o r s  i s  a n o t h e r  r a p i d ,  t h o u g h  

l e s s  a c c u r a t e ,  m e th o d  ( t h e  e r r o r  I s  u p w a r d s  o f  2% d e p e n d i n g  

Oil c o n d i t i o n s  ( 1 8 ) ) .

The s o l u b i l i t y  m e th o d  i s  l i m i t e d  t o  s u b s t a n c e s  w h ic h  

a r e  e a s i l y  s e p a r a t e d  a n d  e s t i m a t e d  q u a n t i t a t i v e l y  b u t  i s  u s e 

f u l  f o r  s u b s t a n c e s  i d i i c h  a r e  t o o  i n s o l u b l e  o r  t o o  w e a k ly  d i s 

s o c i a t e d  t o  b e  s u i t a b l e  f o r  o t h e r  m e t h o d s .

A l i s t  o f  r e f e r e n c e s  t o  d e t e r m i n a t i o n s  o f  d i s s o c i a t i o n  

c o n s t a n t s  i n  n o n - a q u e o u s  a n d  m ix e d  s o l v e n t s ,  s i n c e  1 9 4 1 ,  i s



g i v e n ,  g r o u p e d  a c c o r d i n g  t o  t h e  m e th o d  o f  i n v e s t i g a t i o n  

u s e d ,  c o n d u c t i v i t y  1 9 - 4 1 ,  em f 2 1 ,  3 6 ,  4 2 - 5 6 ,  c o l o r i m e t r y  5 0 ,  

7 4 - 9 1 ,  s o l u b i l i t y ,  k i n e t i c s  a n d  o t h e r s  9 2 - 1 0 4 .

I n  s o l u t i o n ,  w hen a  s u b s t a n c e  i s  i n  e q u i l i b r i u m  'w i th  

i t s  i o n s

m  < = *  m+ + a~

we c a n  a p p l y  t h e  Law o f  M ass A c t i o n  a n d  o b t a i n  t h e  e q u i 

l i b r i u m  c o n s t a n t

K = &lX ] J  _ _ _ _ ( ! )  £ J  i n d i c a t e s  c o n -
jjdAjI c e n t r a t i o n .

w h i c h ,  i n  t h i s  p a r t i c u l a r  c a s e ,  i s  c a l l e d  t h e  c l a s s i c a l  d i s 

s o c i a t i o n  c o n s t a n t .  A f t e r  t h e  i n t r o d u c t i o n  o f  t h e  c o n c e p t  

o f  a c t i v i t y  b y  G .N . L e w i s ,  t h e  c o n c e n t r a t i o n s  i n  (1 )  w e re  

r e p l a c e d  b y  t h e  m o re  a c c u r a t e  a c t i v i t i e s ,  g i v i n g  t h e  t h e r m o 

d y n a m ic  d i s s o c i a t i o n  c o n s t a n t

a  , a  
K = M+ A'

t h e r m
a MA

a  i s  d e f i n e d  b y
Q

"  )*k + 1 ° S  S i /* = c h e m i c a l  p o t e n t i a l

a n d  t h u s  d e p e n d s  on  t e m p e r a t u r e  a n d  on  t h e  s t a n d a r d  s t a t e  

f o r  w h i c h  p  = ju0 . The m o re  d i l u t e  a  s o l u t i o n  i s  t h e  m ore  

i t  t e n d s  t o w a r d s  i d e a l  b e h a v i o u r ,  v h e r e  t h e  a c t i v i t y  c o 

e f f i c i e n t  i s  1 .  T h e r e f o r e ,  as t h e  c o n c e n t r a t i o n  o f  s o l u t e  

t e n d s  t o w a r d s  z e r o ,  t h e  a c t i v i t y  c o e f f i c i e n t  t e n d s  t o w a r d s  1 ,  

i . e . ,  t h e  a c t i v i t y  c o e f f i c i e n t  o f  t h e  p u r e  s o l v e n t  i s  1 .



S i n c e  t h e  c o n c e n t r a t i o n  o f  s o l u t e  c a n  h e  e x p r e s s e d  a s  

m o l a r i t y ,  m o l a l i t y  o r  m o le  f r a c t i o n ,  t h e r e  a r e  t h r e e  a c t i v i t y  

c o e f f i c i e n t s ,  f  on t h e  m o l a r i t y  b a s i s ,  y  on t h e  m o l a l i t y  s c a l e  

a n d  f x  f o r  t h e  m o le  f r a c t i o n .  S i n c e  e a c h  a c t i v i t y  c o e f f i 

c i e n t  i s  r e f e r r e d  t o  i n f i n i t e  d i l u t i o n  o n  i t s  own s c a l e ,  t h e y  

d i f f e r  s l i g h t l y  an d  s o  t h e r e  a r e  t h r e e  c o r r e s p o n d i n g  d i s 

s o c i a t i o n  c o n s t a n t s .  I n  w a t e r  t h e  d i f f e r e n c e  i s  n e g l i g i b l e  

b u t  may a s s u m e  l a r g e r  p r o p o r t i o n s  i n  m ix e d  s o l v e n t s .

E f f e c t  o f  S o l v e n t .

I t  w as  e a r l y  d i s c o v e r e d  t h a t  t h e  sam e e l e c t r o l y t e ,  d i s 

s o l v e d  t o  t h e  sam e e x t e n t  i n  d i f f e r e n t  s o l v e n t s  d i d  n o t  h a v e  

t h e  sam e d i s s o c i a t i o n  c o n s t a n t .  T h i s  was a t t r i b u t e d  ( 1 , 2 )  

t o  t h e  f a c t  t h a t  t h e  f o r c e  h o l d i n g  tw o c h a r g e d  p a r t i c l e s  t o 

g e t h e r  d e p e n d s  o n  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  m edium

F = q l q 2

a n d  t h e  g r e a t e r  t h e  d i e l e c t r i c  c o n s t a n t ,  t h e  s m a l l e r  t h e  f o r c e  

a n d  s o  t h e  g r e a t e r  t h e  d i s s o c i a t i o n .  E x p e r i m e n t a l  e v i d e n c e  

f o r  o n e  e l e c t r o l y t e  i n  s o l v e n t s  o f  t h e  sam e t y p e  b u t  d i f f e r e n t  

d i e l e c t r i c  c o n s t a n t s ,  e . g . ,  t h e  m o n o h y d r i c  a l c o h o l s ,  a g r e e d
r

w e l l  b u t  t h e  r u l e  was n o t  g e n e r a l l y  a p p l i c a b l e .

B o rn  (1 0 5 )  c o n s i d e r e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  

a c t i v i t y  o f  a n  i o n  i n  w a t e r  a n d  i n  a n o t h e r  s o l v e n t  c o u l d  b e  

c a l c u l a t e d  f r o m  t h e  w o rk  d o n e  i n  c h a r g i n g  a  s p h e r i c a l  i o n  i n



t h e  tw o d i f f e r e n t  s o l v e n t s  a n d  o b t a i n e d  t h e  e q u a t i o n

1 2 1 / 1  1 \ 
l o g  7 0 = — [ n  -  & )

f o r  t h e  a c t i v i t y  r e f e r r e d  t o  w a t e r  ( y Q) o f  a n  i o n  o f  e f f e c t i v e

r a d i u s  r  f r o m  a  u n i v a l e n t  e l e c t r o l y t e  3n a  s o l v e n t  o f  d i 

e l e c t r i c  c o n s t a n t  D a t  2 5 ° C .  D° i s  t h e  d i e l e c t r i c  c o n s t a n t  

f o r  w a t e r  a t  t h e  sam e t e m p e r a t u r e .  B o r n ' s  e q u a t i o n  i s  an  

o v e r s i m p l i f i c a t i o n  i n  t h a t  i t  a p p l i e s  r i g o r o u s l y  o n l y  when 

e a c h  i o n  c a n  h e  c o n s i d e r e d  a s  a  s e p a r a t e ,  s p h e r i c a l  u n i t  

a p a r t  f r o m  i t s  s u r r o u n d i n g s  ( 1 0 6 ) .  E v e n  i n  d i l u t e  s o l u t i o n s ,  

t h e  i o n s  c a n  s c a r c e l y  h e  c o n s i d e r e d  a s  i n f i n i t e l y  d i s t a n t  

f r o m  e a c h  o t h e r  a n d  so  some a c c o u n t  m u s t  h e  t a k e n  o f  t h e i r  

i n t e r a c t i o n .

L i k e  c h a r g e s  a t t r a c t  e a c h  o t h e r  h e n c e  on  a  t i m e  a v e r 

a g e  m o re  i o n s  o f  o p p o s i t e  s i g n  t h a n  o f  s i m i l a r  s i g n  w i l l  b e  

f o u n d  i n  t h e  n e i g h b o u r h o o d  o f  a n y  i o n .  E a c h  i o n  c a n  t h u s  be  

c o n s i d e r e d  a s  b e i n g  s u r r o u n d e d  b y  a  " c l o u d "  o r  " i o n  a t m o s 

p h e r e "  o f  o p p o s i t e l y  c h a r g e d  p a r t i c l e s .  Debye a n d  H u c k e l

(1 0 7 )  c a l c u l a t e d  t h e  s i z e  o f  t h i s  a t m o s p h e r e  a n d  a l s o  t h e

c o r r e c t i o n  t o  be  a p p l i e d  t o  t h e  a c t i v i t y  o f  a n  i o n  t o  a c c o u n t  

f o r  i t .  T hey  sh o w e d  t h a t  t h e  r a d i u s  o f  t h e  i o n i c  a t m o s p h e r e  

i n c r e a s e s  w i t h  d e c r e a s i n g  i o n i c  s t r e n g t h  a n d  w i t h  i n c r e a s i n g  

d i e l e c t r i c  c o n s t a n t  a n d  t e m p e r a t u r e .  One o f  th e  a s s u m p t i o n s  

made i n  d e v e l o p i n g  t h i s  t h e o r y  w as  t h a t  t h e  i o n i c  a t m o s p h e r e  

i s  s p h e r i c a l l y  s y m m e t r i c a l .  T h i s  i s  v a l i d  so  l o n g  a s  t h e



i o n s  a r e  s t a t i o n a r y  b u t  e . g .  i n  c o n d u c t i v i t y  m e a s u r e m e n t s ,  

t h i s  i s  n o t  u s u a l l y  t h e  c a s e .  O n s a g e r  (1 0 8 )  a p p r e c i a t e d  

t h i s  f a c t  a n d  e x t e n d e d  t h e  D e b y e - H u c k e l  e q u a t i o n  t o  i n c l u d e  

t h e  e f f e c t s  d u e  t o  t h e  d i s t o r t i o n  o f  t h e  i o n i c  a t m o s p h e r e  a n d  

t h e  v i s c o s i t y  o f  t h e  m ed ium  t h r o u g h  w h i c h  i t  w as m o v in g .

The d i s s o c i a t i o n  c o n s t a n t s  o b t a i n e d  b y  u s i n g  t h i s  e x t e n d e d  

e q u a t i o n  a r e  m o re  a c c u r a t e  b u t  i n v o l v e  a  c o n s i d e r a b l e  a m o u n t 

o f  c a l c u l a t i o n .

T h o u g h  l a c k  o f  k n o w le d g e  o f  s o l v e n t  c o r r e c t i o n  m ak es  

t h e  e a r l i e r  r e s u l t s  i n  n o n - a q u e o u s  s o l v e n t  l e s s  a c c u r a t e ,  

W y n n e - J o n e s  (1 0 9 )  d i s c o v e r e d  t h a t ,  w i t h  c e r t a i n  e x c e p t i o n s ,  

a  l i n e a r  r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h e  r e l a t i v e  d i s s o c i a t i o n  

c o n s t a n t  o f  a n  a c i d ,  r e f e r r e d  t o  b e n z o i c  a c i d  f o r  c a r b o x y l i c  

a c i d s ,  an d  t o  t h e  p y r i d i n i u m  i o n  f o r  c a t i o n i c  a c i d s ,  a n d  t h e  

d i e l e c t r i c  c o n s t a n t  o f  t h e  m e d iu m , l o g  o c  i  . By e x t r a 

p o l a t i o n  t o  i n f i n i t e l y  h i g h  d i e l e c t r i c  c o n s t a n t  h e  o b t a i n e d  

w h a t  he  c a l l e d  t h e  " i n t r i n s i c  a c i d  s t r e n g t h " .  The s e q u e n c e  

o f  a c i d  s t r e n g t h s  o b t a i n e d  t h u s  was t h e  sam e a s  i n  w a t e r  a n d  

i t  w a s  c o n c l u d e d  t h a t  w a t e r  w as  n o t  o p e n  t o  c r i t i c i s m  a s  a  

m ed ium  f o r  c o m p a r i n g  a c i d  s t r e n g t h s ,  a l t h o u g h  c a s e s  w e r e  known 

w h e re  t h e  o r d e r  o f  a c i d  s t r e n g t h  w as c h a n g e d  o n  p a s s i n g  f r o m  

o n e  s o l v e n t  t o  a n o t h e r .  T h e s e ,  h o w e v e r ,  w e r e  r e g a r d e d  a s  

e x c e p t i o n s  a n d  d u e  t o  e f f e c t s  s u c h  a s  o r t h o - s u b s t i t u t i o n  ( 1 1 0 ) .  

I n t r i n s i c  s t r e n g t h s  a r e  u s e f u l  f o r  r e l a t i n g  a c i d  s t r e n g t h  t o  

c h e m i c a l  c o n s t i t u t i o n .



The s o l v e n t s  o f  t h e  a c i d s  c o n s i d e r e d  b y  W ynne-Jones

w e re  w a t e r ,  m e t h y l  a l c o h o l  a n d  e t h y l  a l c o h o l ,  a n d  l a t e r

w o rk  b y  W ooten  a n d  H am m ett ( 1 1 1 )  i n  b u t a n o l  a n d  M in n ic k  and

K i l p a t r i c k  (1 1 2 )  i n  w a t e r ,  m e t h y l  a l c o h o l  a n d  e t h y l  a l c o h o l

c o n f i r m e d  t h e  r e l a t i o n s h i p  t h o u g h  E l l i o t  a n d  K i l p a t r i c k  (B3) 
r  4-

a n d  H alted  (B N .) f o u n d  t h a t  r e s u l t s  i n  d i o x a n - w a t e r  m i x t u r e s  

d i s a g r e e d .  T h i s  was a c c o u n t e d  f o r  b y  a s s u m i n g  t h a t  t h e  r e 

l a t i o n s h i p  w as  v a l i d  o n l y  f o r  p u r e  s o l v e n t s  o f  d i e l e c t r i c  

c o n s t a n t  g r e a t e r  t h a n  2 5 .

I n v e s t i g a t i o n  ( 1 0 9 ,1 1 3 )  o f  t h e  e f f e c t  o f  t h e  n a t u r e  

o f  t h e  s o l v e n t  r e v e a l e d  t h e  f a c t  t h a t  t h e  " p r o t o n  a f f i n i t y "  

o f  t h e  s o l v e n t  p l a y s  a  l a r g e  p a r t  i n  d e t e r m i n i n g  t h e  s t r e n g t h  

o f  a c i d s .  I f  a  m o l e c u l e  o f  t h e  s o l v e n t  c a n  c o m p e te  s u c c e s s 

f u l l y  w i t h  t h e  a c i d  a n i o n  f o r  p o s s e s s i o n  o f  t h e  p r o t o n ,  t h e  

d i s s o c i a t i o n  c o n s t a n t  i s  h i g h  b u t  w h e r e  t h e  s o l v e n t  m o l e c u l e  

h a s  l i t t l e  a t t r a c t i o n  f o r  t h e  p r o t o n  t h e  d i s s o c i a t i o n  i s  

s m a l l  a n d  d e p e n d s  m a i n l y  o n  t h e  q u a n tu m  f o r c e s  h o l d i n g  t h e  

p r o t o n  a n d  a n i o n  t o g e t h e r .  T hus i t  w as  shown (2 0 )  t h a t  t h e  

a t t r a c t i o n  b e t w e e n  t h e  i o n s  o f  t h e  s o l u t e  a n d  t h e  m o l e c u l e s  

o f  t h e  s o l v e n t ,  i . e . ,  t h e  s o l v a t i o n  o f  t h e  i o n s ,  i s  i m p o r t a n t .  

I n  a q u e o u s  s o l u t i o n  t h i s  s o l v a t i o n  s h e a t h  i s  c o m p o se d  o f  

w a t e r  m o l e c u l e s  a n d  i n  p a r t i a l l y  a q u e o u s  s o l v e n t s  t h e  i o n s  

a r e  p r e f e r e n t i a l l y  s o l v a t e d  b y  w a t e r  m o l e c u l e s .  As t h e  

p r o p o r t i o n  o f  n o n - a q u e o u s  c o n s t i t u e n t  i n c r e a s e s  t h e  c o m p o s i 



t i o n  o f  t h e  s h e a t h  a l t e r s  a n d ,  s i n c e  t h e  s i z e  o f  th e  s o l v e n t  

m o l e c u l e  i s  d i f f e r e n t  f ro m  t h a t  o f  t h e  w a t e r  m o l e c u l e ,  t h e  

e f f e c t i v e  s i z e  o f  t h e  s o l v a t e d  i o n  c h a n g e s  w i t h  t h e  s o l v e n t  

( 1 1 4 ) .  T h i s  e x p l a i n s  why W a l d e n ' s  R u le  ( 1 1 5 ) ,  w h ic h  a s s u m e s  

t h a t  t h e  s i z e  o f  t h e  s o l v a t e d  i o n  i s  i n d e p e n d e n t  o f  t h e  s o l 

v e n t ,  i s  o n l y  v e r y  a p p r o x i m a t e .

The p r o t o n  a f f i n i t y  o f  s e v e r a l  s o l v e n t s  was s t u d i e d  

t>y B ra u d e  a n d  S t e r n  (1 1 6 )  who f o u n d  t h a t  p u r e  w a t e r  h a s  a  

v e r y  h i g h  p r o t o n  a f f i n i t y  h u t  w a t e r  i n  a  m ix e d  s o l v e n t  h a s  

a n  e v e n  h i g h e r  o n e .  T h i s ,  t h e y  s u g g e s t ,  a r i s e s  f r o m  t h e  

u n u s u a l  q u a s i - c r y s t a l l i n e  s t a t e  o f  l i q u i d  w a te r *  The p r o t o n  

i n  p u r e  w a t e r  i s  a c c o m m o d a te d  i n  t h e  i n t e r s t i c e s  a n d  i s  

e q u a l l y  b o n d e d  t o  t h e  f o u r  n e i g h b o u r i n g  o x y g e n  a to m s  b u t  i n  

p a r t i a l l y  a q u e o u s  s o l v e n t  t h e  h y d r o g e n  b o n d i n g  o f  t h e  w a t e r  

m o l e c u l e s  i s  p a r t l y  r e p l a c e d  b y  t h e  w e a k e r  h y d r o g e n  b o n d i n g  

b e tw e e n  o r g a n i c  m o l e c u l e s  a n d  t h e  o p e n  t e t r a h e d r a l  s t r u c t u r e  

b e c o m e s  m o re  c l o s e  p a c k e d .  The p r o t o n  I s  t h e n  p r e f e r e n t i a l l y  

s u r r o u n d e d  by  w a t e r  m o l e c u l e s  w h ic h  a r e  m ore  c l o s e l y  b o u n d  

a n d  s o  r e d u c e  t h e  s i z e  o f  t h e  s o l v a t i o n  s h e a t h .  T h i s  r e 

s u l t s  i n  an I n c r e a s e  i n  t h e  e f f e c t i v e  p r o t o n  a f f i n i t y  o f  t h e  

w a t e r .  As t h e  p r o p o r t i o n  o f  o r g a n i c  s o l v e n t  i s  i n c r e a s e d  

t h e  w a t e r  s h e a t h  i s  g r a d u a l l y  d i s p e r s e d  t i l l  e a c h  p r o t o n  I s

b o u n d  t o  o n e  w a t e r  m o l e c u l e  a n d  we h a v e  t h e  ELO+  i o n .  A to
h i g h e r  c o n c e n t r a t i o n s  ( >  8 0 %) o f  o r g a n i c  s o l v e n t  t h e  w a t e r  

b e g i n s  t o  b e  r e p l a c e d  b y  o r g a n i c  s o l v e n t  m o l e c u l e s  a n d  f i n a l l y



“t*
we h a v e  i o n s  o f  t h e  t y p e  ROHg .

A r e c e n t  p a p e r  b y  H .A . I s m a i l o v  (1 1 7 )  g i v e s  a  t a b l e  

s h o w in g  t h a t  t h e  b a s i c i t y  ( w h ic h  i s  e s s e n t i a l l y  t h e  same a s  t h e  

p r o t o n  a f f i n i t y )  o f  a  s o l v e n t  h a s  a  m uch g r e a t e r  e f f e c t  o n  

d i s s o c i a t i o n  t h a n  d i e l e c t r i c  c o n s t a n t  t h o u g h  t h e  l a t t e r  c a n 

n o t  b e  d i s r e g a r d e d  c o m p l e t e l y .  He p r o p o s e s  t h a t  t h i s  i s  d u e  

t o  t h e  f o r m a t i o n  o f  a n  i n i t i a l  a d d i t i o n  c o m p le x  b e t w e e n  t h e  

u n d i s s o c i a t e d  a c i d  a n d  t h e  s o l v e n t  m o l e c u l e s  a n d  t h a t  t h i s  

c o m p le x  t h e n  d i s s o c i a t e s .  D i s s o c i a t i o n  s h o u l d  t h e r e f o r e  b e  

r e p r e  s e n t e d

HA +  M r= *  AHM A~ + HM+

C r y o s c o p i c  e v i d e n c e  c o n f i r m s  t h e  e x i s t e n c e  o f  a d d i t i o n  com

p l e x e s  o f  t h e  t y p e s  AHM a n d  AHMg f o r  a c i d s  b u t  o n l y  AHM f o r  

p h e n o l s  i n  s o l v e n t s  c o n t a i n i n g  h y d r o x y l  g r o u p s  b u t  i n  o t h e r  

s o l v e n t s  b o t h  a c i d s  a n d  p h e n o l s  g i v e  o n l y  AHM. T h i s  e x p l a i n s  

t h e  r e l a t i v e l y  g r e a t e r  i n c r e a s e  i n  s t r e n g t h  o f  a c i d s  c o m p a r e d  

w i t h  p h e n o l s  I n  t h e  f i r s t  g r o u p  o f  s o l v e n t s .  The d i f f e r e n t i a t 

i n g  a c t i o n  o f  s o l v e n t s  i s  t h u s  d u e  t o  d i f f e r e n c e s  i n  t h e  c o n 

s t i t u t i o n  a n d  p o l a r i t y  o f  t h e  a d d i t i o n  c o m p l e x e s .  T h i s  

e x p l a n a t i o n  i s  i n t e r e s t i n g  a s  i t  h a s  a l r e a d y  b e e n  n o t e d  t h a t  

r e l a t i v e  a c i d  s t r e n g t h  i s  a  f u n c t i o n  o f  t h e  a c i d  a n d  t h e  

m edium  (1 1 8 )  a n d  t h a t  p o l a r  s u b s t i t u e n t s  a f f e c t  t h e  d i s 

s o c i a t i o n  ( 1 1 9 ) .

P ro m  t h e  f o r e g o i n g  d i s c u s s i o n  i t  i s  o b v i o u s  t h a t ,  a s  

y e t ,  t h e  p r o c e s s  o f  d i s s o c i a t i o n  i s  n o t  f u l l y  u n d e r s t o o d  b u t



a p p e a r s  t o  v a r y  a c c o r d i n g  t o  t h e  s y s t e m .  T h i s  p r e s e n t s  a  

d i f f i c u l t y  w hen  we t r y  t o  c o m p a re  d i s s o c i a t i o n  c o n s t a n t s ,  

e s p e c i a l l y  when t h e  s o l v e n t  i s  d i f f e r e n t .  The s t a n d a r d  f r e e  

e n e r g y  c h a n g e  f o r  a n y  p r o c e s s  i s  g i v e n  b y

-  n  G° = RT l o g  K w h e re  K i s  t h e  e q u i l i b r i u m  c o n s t a n t .  

Y.'hen t h e  p r o c e s s  i s  d i s s o c i a t i o n ,  K i s  t h e  d i s s o c i a t i o n  c o n 

s t a n t  (b y  d e f i n i t i o n )  a n d  t h u s  t h e  f i g u r e  we o b t a i n  a s  t h e  

d i s s o c i a t i o n  c o n s t a n t  i n c l u d e s  n o t  o n l y  t h e  t e n d e n c y  o f  t h e  

s u b s t a n c e  t o  d i s s o c i a t e  b u t  a l s o  e f f e c t s  s u c h  a s  t h o s e  d u e  

t o  t h e  f r e e  e n e r g y  o f  s o l v a t i o n  o f  t h e  i o n s  p r o d u c e d .  I n  

t h e  c a s e  o f  a c i d s  t h i s  i s  d u e  a l m o s t  e n t i r e l y  t o  t h e  h y d r o g e n  

i o n  a n d  i s  v i r t u a l l y  t h e  p r o t o n  a f f i n i t y  o f  t h e  s o l v e n t  w h i c h  

h a s  b e e n  d i s c u s s e d  a l r e a d y  a n d  i s  a s s u m e d  t o  v a r y  q u i t e  

c o n s i d e r a b l y .  B r a u d e  a n d  S t e r n  ( 1 1 6 ) ,  h o w e v e r ,  h a v e  show n 

t h a t ,  i n  a  m ix e d  s o l v e n t ,  e x c e p t  when t h e  p r o p o r t i o n  o f  w a t e r  

i s  l o w ,  t h e  s o l v a t i o n  i s  e n t i r e l y  d u e  t o  w a t e r  m o l e c u l e s  so  

t h a t  no  s e r i o u s  e r r o r  i s  i n t r o d u c e d  i n  c o m p a r in g  d i s s o c i a t i o n  

c o n s t a n t s  i n  s u c h  s o l v e n t s .



SECTION 1 .

SOLUBILITZ,  pH 

a n d  DISSOCI AT ION CONSTANT.



A s p a r i n g l y  s o l u b l e  a c i d  w i l l  i n c r e a s e  i n  s o l u b i l i t y  

a s  t h e  pH v a l u e  o f  t h e  s o l v e n t  i s  r a i s e d  a n d  c o n v e r s e l y  f o r  

a  s p a r i n g l y  s o l u b l e  b a s e .  K r e b s  a n d  S p eak m an  (A l)  d e d u c e d  

a  r e l a t i o n s h i p  b e t w e e n  s o l u b i l i t y ,  pH a n d  d i s s o c i a t i o n  c o n 

s t a n t  b a s e d  on  t h i s .  T he  r e l a t i o n s h i p  e n a b l e s  s o l u b i l i t y  

t o  b e  p r e d i c t e d  a t  d i f f e r e n t  p H s ,  i f  t h e  d i s s o c i a t i o n  c o n s t a n t  

i s  kn o w n , o r  a l t e r n a t i v e l y ,  t h e  d e t e r m i n a t i o n  o f  t h e  d i s 

s o c i a t i o n  c o n s t a n t  f r o m  s o l u b i l i t y  m e a s u r e m e n t s  a t  d i f f e r e n t  

p H s .

The w o rk  d o n e  b y  K r e b s  a n d  S peakm an  w as on  v a r i o u s  

s u l p h o n a m i d e s  (A 1 ,A 2) w h i c h  a r e  a m p h o t e r i c  s u b s t a n c e s ,  w h e r e 

a s  t h e  w o rk  d o n e  h e r e  h a s  b e e n  a l m o s t  e n t i r e l y  o n  b a s i c  s u b 

s t a n c e s .

K r e b s  a n d  S peakm an  s u g g e s t  t h i s  m e th o d  o f  d e t e r m i n i n g

t h e  d i s s o c i a t i o n  c o n s t a n t  t o  b e  s u i t a b l e  f o r  s u b s t a n c e s  t o o
-11i n s o l u b l e  o r  t o o  w e a k l y  b a s i c  (K^ < 1 0  ) t o  b e  d e a l t  w i t h

b y  o r d i n a r y  m e a n s .  The s u b s t a n c e s  c h o s e n  f o r  t h i s  s t u d y  a r e

-11 -11 p - c h l o r o a n i l i n e , K^ ^  10 , p - b r o m o a n i l i n e ,  10 , a n d

b e n z i d i n e ,  s o l u b i l i t y  a b o u t  0 . 0 0 2  m o l / l i t r e  a n d  Ks a b o i i t  10 
-11a n d  1 0  r e s p e c t i v e l y .

A c c o r d i n g  t o  t h e  L o w r y - B r /^ n s te d  t h e o r y  a  b a s e  i s  a n y  

s u b s t a n c e  w h i c h  c a n  a c c e p t  a  p r o t o n  ( A 3 , 5 ) .  T h u s  on d i s 

s o l v i n g  t h e  b a s e  i n  w a t e r ,  w h i c h  i s  a m p h o t e r i c  a n d  h e r e  a c t s  

a s  a  w eak  a c i d ,  we g e t



14.

HgO +  B BH+ + OH’

a n d  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  B i s  g i v e n  b y

K = J b b + J [ Ol d , .............................................. ( 1 )

b [ b ]
S i m i l a r l y  f o r  t h e  c o n j u g a t e  a c i d ,  BH 

BH+ *=» B

, r  [b]  [h+]  (0 >a n d  K = —  ■=.—     ( 2 )
a [bh+]

H

•  •

Tb h +]

•  •

OH"]

[ b ]
t h u s  K Kh = .UPrl. ..Lg-J

a b [b h »-J

= K™   ( 3 >

H en ce  i f  i s  k n o w n ,  by  f i n d i n g  e i t h e r  Ka  o r  we c a n  

e v a l u a t e  t h e  o t h e r .

The s t r o n g e r  t h e  a c i d i t y  o f  t h e  s o l v e n t ,  t h e  g r e a t e r

i s  t h e  t e n d e n c y  f o r  t h e  b a s e  t o  i o n i s e  a n d  go i n t o  s o l u t i o n ,

s o  t h e  s o l u b i l i t y  o f  a  b a s e  w h ic h  i t s e l f  i s  s p a r i n g l y  

s o l u b l e  i n  w a t e r  b u t  w h o se  s a l t  i s  v e r y  s o l u b l e  w i l l  i n 

c r e a s e  w i t h  d e c r e a s i n g  pH.

The s o l u b i l i t y ,  S ,  a t  a n y  pH i s  e q u a l  t o  t h e  t o t a l  

c o n c e n t r a t i o n  o f  b a s e ,  i . e . ,

S = [ b]  + [bS+J ..........................  (4)

A t s u f f i c i e n t l y  lo w  h y d r o g e n  i o n  c o n c e n t r a t i o n  S f a l l s

p r a c t i c a l l y  t o  SQ = [ b]  a n d  f o r  a  w e a k  b a s e  a b o u t  1 0 ~ 10 

t h e  s o l u b i l i t y  a t  pH 7 o r  m o re  may b e  t a k e n  a s  SQ.

A m o re  e x a c t  f o r m  o f  (1 )  i s  g i v e n  b y  a l l o w i n g  f o r  

a c t i v i t i e s ,  g i v i n g
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{bh+} {oh-}

^  = {B>

= [ b H+J {OH- } fgjj+ when f  = a c t i v i t y  c o e f f i c i e n t

= -̂ b Cb3 1H ? (h ere  ta k in g  K,, = {h+} {oh j )
Kwf BH+

= [B ] f B {H+}

f BH+Ew 
s u b s t i t u t in g  in  (4)

S = s 0 + Kb So£B .

f BH+ Kw
T a k in g  l o g a r i t h m s  a n d  p u t t i n g  - l o g  = pH , - l o g  Kb  = pK ^,

- l O g  Ky  = pH ,,,

l o g  ( f  ~ l )  = PKw -  PKb -  lo g  -  pH . . . (5 )

O r,  l o g  ( §  -  l \  = |P K„ +  b o g  — — ) - P H ........................... ( 6 )
'  So I  \  % H +  /

»  pK* -  pH 
a

pK& i s  t h u s  n o t  a  t r u e  c o n s t a n t  a s  a c t i v i t y  v a r i e s  w i t h  

c o n c e n t r a t i o n .

T h i s  i s  o f  t h e  f o r m  y  = mx +  c ,  w h o se  g r a p h  i s  a  

s t r a i g h t  l i n e  a n d  w hen  y  = 0 ,  mx = - c ,  o r ,  a p p l y i n g  i t  t o

o u r  c a s e ,  m = - 1  a n d  when l o g  ( -  _ 1 J -  0 , pH = pK* , t h u s
I s  \  \  s °  /  a

i n  t h e  g r a p h  o f  l o g ^ — -  l J  a g a i n s t  pH, t h e  l i n e ,  w h ic h
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h a s  g r a d i e n t  - 1 ,  c u t s  t h e  p H - a x i s  t o  m ake a n  i n t e r c e p t
* i

e q u a l  t o  pKa  w h e n ce  pK^ c a n  b e  c a l c u l a t e d .  T h i s  v a l u e
-p

d i f f e r s  f r o m  pK, b y  l o g  BH b u t  t h i s  w i l l  b e  a p p r o x i m a t e l y  

c o n s t a n t  a n d  f a i r l y  s m a l l ^ w h e n  a  c o n s t a n t  a n d  low  i o n i c  

s t r e n g t h  i s  m a i n t a i n e d .  By m a k in g  u s e  o f  a s s u m p t i o n s  m ade 

i n  c o n n e c t i o n  w i t h  t h e  s t a n d a r d i s a t i o n  o f  pH i n  t e r m s  o f  t h e  

h y d r o g e n  i o n  a c t i v i t y ,  i t  c a n  b e  e s t i m a t e d  ( A 4 ,A 5 ) .

A d i a c i d i c  b a s e  i s . c o n s i d e r e d  a s  i o n i s i n g  i n  tw o

s t a g e s

B + HgO BH+ 4- OH*"

BH+ 4- H O  <=* BHP++ +  OH"*
2 *

i s  t h u s  t h e  sam e a s  f o r  a  m o n o a c i d i c  b a s e  a n d

I f  K-  ̂ i s  t h e  c o n s t a n t  f o r  t h e  f i r s t  s t a g e  o f  i o n i s a t i o n ,  b e  

i t  a c i d i c  o r  b a s i c ,  a n d  t h e  f o r m  w h ic h  i s  t h e  s t r o n g e r  a c i d  

w i l l  be  t h e  w e a k e r  b a s e

f r o m  ( 3 ) ,  Ka l Kb 2  =

• ’ • l o g  Kb 2  = l o g  -  l o g  Ka l

• • P®b2 ~ "  ^ a l

and pKbl = pKw - pK&2

Ka 2  a n d  IC = M C BH2 + + ]
[ B ]  f B [BH+J f BIff

[ B J  f B
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s  = [ b ]  + [ b h + ]  + [ b h 2++]

= [ b ]  + Ka g M  f B +  Ka l Ka 2 [ B> B 

{ h*}  f g g +  {H+}2

S -  s 0 _ Ka 2 ^B /  1 +  Ka l ______

S o t 1̂ }  \ f BH+ {H+} f BH2++

I f  K ^<SC f s  I '̂b Hq+ + ’ 3eooni  ̂ term  i s  n e g l ig i b l e  compared

•w ith  — ------ a n d  t h e  e q u a t i o n  i s  t h e  sam e a s  t h a t  f o r  a
fBH+ i + , i

m o n o a o i d i c  b a s e  a n d  i f  Ka l  ^  1 H ~~f— +  c a n  b e
BH

n e g l e c t e d  a n d  t h e  e q u a t i o n  b e co m e s  

4 — -  1 = •^a l^aS ^B
{ ^ ) 2 f BHg++

S u b s t i t u t i n g  a s  b e f o r e ,

l o g  (  £ _  -  1 \  = 2pH -  pKa l  -  pKa 2  +  l o g  J g g l l
'  S0 '  **B

o r  l o g j ' f -  -  l )  = 2pH -  pKa l  .  p < 2

I n  t h i s  c a s e  t h e  g r a p h  w i l l  h a v e  a  g r a d i e n t  o f  - 2  a n d  w i l l
! !

c u t  t h e  p H - a x i s  w h e re  +  P ^ a g "  2pH .

I n  p r a c t i c e  t h e  g r a p h  i s  a  c u r v e  w h o se  e x t r e m i t i e s  

a p p r o a c h  t h e  t h e o r e t i c a l  s l o p e s ,  a s  sh o w n  b e l o w ,



a n d  i t  i s  n e c e s s a r y  t o  e x t r a p o l a t e  b a c k  t o  f i n d  w h e re  t h e  

i d e a l  g r a p h  w o u ld  c u t  t h e  a x i s .

The a c t i v i t y  c o r r e c t i o n  a g a i n  c a n  b e  e s t i m a t e d  a n d  

a t  c o n s t a n t  I ,  w i l l  b e  a  c o n s t a n t .

F o r  c o m p a r i s o n  o f  r e s u l t s  pK^ w as a l s o  fo u n d  b y  a n

e n t i r e l y  i n d e p e n d e n t  m e th o d ,  v i z .  p o t e n t ! o m e t r i c  t i t r a t i o n .

O w ing t o  t h e  w e a k n e s s  a n d  i n s o l u b i l i t y  o f  t h e s e  b a s e s  i n

w a t e r ,  i t  w as  f o u n d  m o re  c o n v e n i e n t  t o  t i t r a t e  t h e  c o n j u g a t e

a c i d  ( a n i l i n i u m  t y p e )  r a t h e r  t h a n  t h e  f r e e  b a s e .  T h i s

m ean s  t h a t  a g a i n  i t  i s  a c t u a l l y  pK w h i c h  i s  m e a s u r e d  b u ta
t h i s  t im e  t h e  a c t i v i t y  c o r r e c t i o n  i s  a p p l i e d  d u r i n g  t h e  

c a l c u l a t i o n .  The m e th o d  o f  c a l c u l a t i o n  f o r  a  m o n o b a s i c  

a c i d  i s  g i v e n  by G l a s s t o n e  (A6) a n d  i s  b r i e f l y :

K = l i d M  = {H+j  [ B ] t R
{hb+} [ hb+ J  f BH+

C o n s i d e r  t h e  b a s e  a s  b e i n g  d i s s o l v e d  i n  e x c e s s  o f  

s t r o n g  a c i d  H*X~ o f  t o t a l  c o n c e n t r a t i o n  h ,  a n d  b e i n g  t i t r a t e d  

w i t h  s t r o n g  b a s e  M+OH" o f  t o t a l  c o n c e n t r a t i o n  b ,  a t  a n y  s t a g e  

o f  t h e  t i t r a t i o n ,

h  = [x ~ 3  s i n c e  HX i s  c o m p l e t e l y  d i s s o c i a t e d  

b  = [m+ ]  ff MOH 11 ” 11

a  = t o t a l  b a s e  = Q3 ]  +  [hB+ ]

F o r  e l e c t r o n e u t r a l i t y ,  a t  e v e r y  s t a g e  t h e  n u m b er  o f  

p o s i t i v e  c h a r g e s  m u s t  b e  e q u a l  t o  t h e  num ber o f  n e g a t i v e  

c h a r g e s ,  i . e . ,
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[m+]  +  [h+]  + [bH +J  = [ x " ]  +  [oB~]

On t h e  a c i d  s i d e  o f  pH 7 ,  foH”J c a n  b e  t a k e n  a s

n e g l i g i b l e

. • . [ bh+ ]  = h  -  b  -  [ h+ ]

[ B]  = a  -  [b i t* ]  = a  -  ( h  -  b  -  [ h + J  )

• • •  Ka  ,  { S 4} fa -  (h  -  b  -  [H » J  ) ]  f B . . . .  (7 )

( h  -  b  -  [ H + ]  ) f BH+

I n  t h i s  c a s e  i t  i s  s u f f i c i e n t  t o  t a k e  { h+ } a n d  [ h *j

t o  be  e q u a l ;  a n d  f g  = 1 .  ^o r  f r o m

t d e  D e b y e - H u c k e l  L i m i t i n g  Law

- l o g  f-^ = 0 . 5  J~X w h e re  I  = J  £ c z ^  (1 0 7 )

D u r in g  t i t r a t i o n  o f  a  c a t i o n i c  a c i d ,

BH+ +  M+ 4- OH" ----- > B +  M+ +  H 0
2

BH*1* i s  m e r e l y  r e p l a c e d  b y  M*, so  t h a t  t h e  c o n c e n t r a t i o n  o f  

p o s i t i v e ,  a n d  a l s o  o f  n e g a t i v e ,  i o n s  r e m a i n s  c o n s t a n t ,  h e n c e  

I  i s  a  c o n s t a n t  a n d  = h ,  t h u s  

- l o g  f ^  = 0 . 5 j ~ h  

F o r  a  c a t i o n i c ,  d i b a s i c  a c i d ,  t h e  m e th o d  h a s  n o t  

p r e v i o u s l y  b e e n  s e t  o u t  b u t  i s  s i m i l a r  t o  t h a t  g i v e n  b y  

J . G .  S peakm an  f o r  a  n e u t r a l  d i b a s i c  a c i d  (A 7 ) .  A d i b a s i c  

a c i d  i o n i s e s  i n  tw o  s t a g e s  a n d  we a s s u m e  t h e  f i r s t  s t a g e  

c o m p l e t e d  b e f o r e  t h e  s e c o n d  s t a g e  b e g i n s .  The two d i s 

s o c i a t i o n  c o n s t a n t s  a r e  d e n o t e d  b y  K ^ a n d  Ka g ,  K-  ̂ a n d  Kg 

f o r  s h o r t .
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1 s t  s t a g e ,  BHg++ H  H+  + BH+

K l = {H+J [ b H+] f i .......................... ( 8 )

[bh2++]  f 2

2 n d  s t a g e ,  BH+ H+ + B

K = M M l o  .........................(9 )

[BH+] f !
h and b are  the same a s  b e fo r e ,

a = t o t a l  [ b]  = [BHg++]  + [bH+J + [ b]

F o r  e l e c t r o n e u t r a l i t y ,

[h +]  + [m+J + [bH+J + 2[bH2++J = [x ~ ] +  [oH~]

A gain  foH~J i s  n e g l i g i b l e ,

. *. b + [h+J -  [x~]  = -2  [bH2++J  -[bH +J

L et L = [b B*] + 2 [b ] = 2a -  (h -  b -  [H+J  )

M = [bH2++]  -  [b] = (h -  b -  [ l l+j  ) -  a

H = 2 [BH2++J + [BH+J = h -  b -  [H+J

From  (8 )  (9 )

KXK = {H+} [BH+] f x _ (H+j [B] f 0
2 [BH2++] f  2 ' [BH+J f x

= {H+} 8 [ B ] f 0 

[BH2++J f  2

M u ltip ly in g  to p  and bottom  by th e  same q u a n t i ty ,  ( 2 [b H 'm‘]  +  (bh+J 
Ki K9 = {h* } 2 [bK  (2 [ bH2++] + [BH+])

[BH2+^ 2 (2 + Lm + J  )

= ̂  2 f o <2[b]  [BHp++] + [B][BH+J +[BH2~^][BH't] -  [B H ^ I? H+b

f 2 [ BH2++J  (2[BH 2++]  + [BH+]  )
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=  {H +j2 f 0 l[BHa 'H ' J  ( 2 [ B j  +  [B H+])  - [B E -1- ]  ( [ b H q + + ]  -  [ b ] ) J

f 2 [BH2 ++] (2[BH2++J + [BH+ ]  )

_ { 'd+} Z (2 [ B ]  + fBH+])f0 _ {H* } /{g*} [B3+] t , \  ( [BB0 ++]  -  [ b ] ) f Qf g  

(2 [bH2++J  +  [ b H+]  f g  \  [H3 B++ ] f 2 / ( 2 [BH2 ++]  +  [BH+J ) f 2 f l

K]_Kg = W - i a  - K )  K1 M f °
N f  N f

{H+}2 L f 0 {H+} K M f  OJ- ----  = i— { 1----------------------o +  K 1 r
M f  o N f  ^

^ 1

w h i c h  may be  w r i t t e n  s h o r t l y  a s  X = K-jY + -^1 ^ 2  •

When, t h e r e f o r e ,  v a l u e s  f o r  X a n d  Y a r e  o b t a i n e d  f r o m  e x p e r i 

m e n t a l  r e s u l t s ,  t h e  g r a p h  o f  X a g a i n s t  Y h a s  g r a d i e n t  a n d  

m a k e s  a n  i n t e r c e p t  on  t h e  Y - a x i s  a t  - £ g «

The e s t i m a t i o n  o f  f  a n d  f n i s  t h e  same a s  b e f o r e  a n do 1

f u r t h e r  f r o m  t h e  D e b y e - H U c k e l  Law f g  i s  o b t a i n e d  f r o m : -  

- l o g  f g  = 2 . 0  J l  

I f  t h e  d i h y d . r o c h l o r i d e  o f  t h e  b a s e  i s  u s e d  

h  = 2 a  

a n d  L = b  -  [ h + ]

M = a -  b -  [H+]

N = 2a -  b -  [H+]

I n  c a l c u l a t i n g  I  f o r  a  d i b a s i c  a c i d ,  u p  t o  h a l f  

n e u t r a l i s a t i o n  t h e  f i r s t  s t a g e  o f  d i s s o c i a t i o n  i s  t a k i n g  

p l a c e  a n d  BH2++ + X +  M+ + 0H~ — > BH+ +  X~ +  M+ +  HgO

[m+]  = b 

[bh+]  = b

[BH2++] =  a  -  b
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[x - ]  = *

I  = - | { b  +  b  +  h  + 4 ( a  -  b ) }

= -  +  2 a  -  b
2

D a r i n g  t h e  s e c o n d  h a l f  o f  n e u t r a l i s a t i o n  we h a v e

BIT1' +  X" ♦  M+ +  O H "  > B +  X" +  M+ +  HgO

w h i c h  i s  t h e  same a s  f o r  a  m o n o b a s i c  c a t i o n i c  a c i d .  I  i s  

c o n s t a n t  a n d  e q u a l  t o  h .

EXPERIMENTAL

D i s t i l l e d  w a t e r  w a s  u s e d  t h r o u g h o u t .

F o r  p - c h l o r o a n i l i n e , p - b r o m o a n i l i n e  a n d  b e n z i d i n e  b y  

t h e  p o t e n t i o m e t r i c  t i t r a t i o n  m e t h o d ,  a  t e m p e r a t u r e  o f  2 0 °C. 

w as  u s e d  b u t  t h e  l a t e r  w o r k ,  pKs o f  b e n z i d i n e  f r o m  s o l u 

b i l i t y  m e a s u r e m e n t s ,  w a s  c a r r i e d  o u t  a t  25°C. t o  f a c i l i t a t e  

u t i l i s a t i o n  o f  t h e  d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e .

C o m m e r c i a l  p - c h i o r o a n i l i n e  w a s  p u r i f i e d  b y  b o i l i n g  a  

s o l u t i o n  i n  a q u e o u s  a l c o h o l  t w i c e  w i t h  a n i m a l  c h a r c o a l  an d  

r e c i y  s t a l l  i s  i n g  t h e  p r o d u c t  a g a i n  f r o m  a q i e o u s  a l c o h o l  

m . p .  6 9 . 5 °  -  7 0 °C .

p - b r o m o a n i l i n e  was r e c r y s t a l l i s e d  f r o m  p e t r o l e u m  

e t h e r  ( B . P .  6 0 °  -  8 0 oC.) . m . p .  6 5 °  -  6 6 °C .

B e n z i d i n e  w a s  p u r i f i e d  b y  r e c r y s t a l l i s a t i o n  f r o m  h o t  

w a t e r .  The f i n a l  c r y s t a l l i s a t i o n  w a s  a l l o w e d  t o  t a k e  p l a c e  

b e l o w  a b o u t  70°C. a n d  c r y s t a l s  o b t a i n e d  t h u s  c o n t a i n  on e



m o l e c u l e  o f  w a t e r  o f  c r y s t a l l i s a t i o n  p e r  m o l e c u l e  o f  b e n z i 

d i n e .  (A8 ) .  The d i h y d r o c h l o r i d e  was o b t a i n e d  b y  d i s s o l v i n g  

some o f  t h e  p u r i f i e d  b e n z i d i n e  i n  d i l u t e  HC1 a n d  t h e n  i n 

c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  I I C 1 , a s  t h e  h y d r o c h l o r i d e  i s  

l e s s  s o l u b l e  i n  c o n c e n t r a t e d  HC1 t h a n  i n  w a t e r ( A 9 ) .

I n  a l l  c a s e s ,  b u f f e r  s o l u t i o n s  w e r e  made u p  b y  a d d i n g  

s o d i u m  h y d r o x i d e  t o  a n  a c i d  o r  m i x t u r e  o f  a c i d s  t o  g i v e  t h e  

r e q u i r e d  pH ( A 1 0 ) .  The a c i d  s o l u t i o n s  w e r e  N / l O  a n d  t h e  

m i x t u r e ,  v i z .  p h o s p h o r i c  a n d  a c e t i c  a c i d s  w as  Q.04M t o  e a c h  

a c i d .

N s o d i u m  c h l o r i d e  w as  a d d e d  t o  t h e  p - c h l o r o -  a n d  p -  

b r o m o - a n i l i n e  s o l u t i o n s  t o  k e e p  t h e  i o n i c  s t r e n g t h  c o n s t a n t ,  

a l l o w i n g  f o r  t h e  i o n s  p r o d u c e d  on d i s s o c i a t i o n  o f  t h e  b a s e  

i n  s o l u t i o n .  W i t h  t h e  b e n z i d i n e  i n  p h o s p h o r i c - a c e t i c  b u f f e r  

i t  was  c a l c u l a t e d  t h a t  t h e  i o n i c  s t r e n g t h  w as  a l r e a d y  s l i g h t 

l y  g r e a t e r  t h a n  0 .1 M ,  a n d  s i n c e  t h e  r e g u l a t i o n  o f  i o n i c  

s t r e n g t h  i n  t h e  p r e v i o u s  c a s e s  h a d  c a u s e d  n o  a p p r e c i a b l e  

c h a n g e  i n  a p p a r e n t  pK, i t  w a s  o m i t t e d .

The s o l u b i l i t y  o f  t h e  b a s e s  a t  low  pH was s u f f i c i e n t  

t o  r a i s e  t h e  pH b y  m o re  t h a n  1 u n i t ,  s o  p u r e  N / l O  a c i d  w as  

u s e d  t o  o b t a i n  pH 3 -  4 .

A s a t u r a t e d  s o l u t i o n  o f  t h e  b a s e  w as  made b y  s t i r r i n g s 

m e c h a n i c a l l y ,  a  q u a n t i t y  o f  t h e  s o l i d  b a s e  i n  b u f f e r  s o l u t i o n  

f o r  t h e  r e q u i r e d  t i m e  ( f o u n d  b y  d r a w i n g  a  s o l u b i l i t y / t r i m ®  

c u r v e  a n d  a l l o w i n g  h a l f  an  h o u r  b e y o n d  w h a t  w a s  fou'fvb b a



t h e  t i m e  r e q u i r e d  t o  r e a c h  s a t u r a t i o n ) .  The s o l u t i o n  w as  

f i l t e r e d  q u i c k l y  a n d  t h e  s o l u b i l i t y  o f  t h e  p - c h l o r o -  o r  

p - b r o m o - a n i l i n e  e s t i m a t e d  b y  t h e  w e l l - k n o w n  m e t h o d  o f  

b r o m o m e t r i c  t i t r a t i o n ,  u s i n g  N/ 1 0  KBrO^, KBr s o l u t i o n  a n d  

0 .0 3 H  s o d i u m  t h i o s u l p h a t e .

The pH o f  t h e  sam e s a t u r a t e d  s o l u t i o n  w a s  m e a s u r e d  

w i t h  a  g l a s s  e l e c t r o d e ,  s t a n d a r d i s e d  b y  t h e  b u f f e r  s o l u t i o n s  

r e c o m m e n d e d  b y  H i t c h c o c k  a n d  T a y l o r  ( A l l ) .

A m e t h o d  o f  e s t i m a t i n g  b e n z i d i n e  i n  s o l u t i o n  w a s  

t i t r a t i o n  o f  t h e  s o l u t i o n ,  made a c i d  w i t h  HC1, w i t h  s t a n d a r d  

s o d i u m  n i t r i t e  s o l u t i o n  ( a b o u t  0 . 2 H) u n t i l  a f t e r  s t a n d i n g  f o r  

5 m i n u t e s  a  d r o p  o f  t h e  s o l u t i o n  g a v e  a  b l u e  c o l o u r  w i t h  

s t a r c h - i o d i d e  p a p e r  ( A 1 2 , A 1 3 ) .  The n i t r i t e  s o l u t i o n  was  

s t a n d a r d i s e d  b y  r u n n i n g  a  known v o l u m e  i n t o  a  known v o l u m e  

( e x c e s s )  o f  warm p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n ,  h e a t i n g  t h e  

s o l u t i o n  t o  a b o u t  80°C. a n d  a d d i n g  m o r e  t h a n  s u f f i c i e n t  

s t a n d a r d  o x a l i c  a c i d  s o l u t i o n  t o  d e c o l o u r i s e  t h e  p e r m a n g a n a t e  

a n d  f i n a l l y  t i t r a t i n g  t h e  s o l u t i o n  w i t h  p e r m a n g a n a t e  i n  t h e  

u s u a l  way t o  a n  e n d  p o i n t  (A1 4 ) .

The s o l u b i l i t y  o f  b e n z i d i n e  i n  w a t e r  o r  b u f f e r  o f  pH

a b o u t  7 i s  s o  s m a l l  t h a t  50 c c . o r  75  c c • s o l u t i o n  g a v e  a

t i t r a t i o n  o f  1 . 6  c c .  o r  2 . 4  c c .  a n d  t h e  a c c u r a c y  o f  t h i s  

m e t h o d  i s  o b v i o u s l y  n o t  s u f f i c i e n t .

The c o l o r i m e t r i c  m e t h o d  due t o  B r a t t o n  a n d  M a r s h a l l

(A15) a n d  r e c o m m e n d e d  b y  K l e i n  (A16) was  t h e n  u s e d .  A s tock
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s o l u t i o n  was made b y  d i s s o l v i n g  2 . 0 3 6 0  g .  b e n z i d i n e  i n  50 c c .  

0 . 2 N  HG1 a n d  d i l u t i n g  b y  1 0 0 0  w i t h  w a t e r .  5 c c .  o f  t h i s  

s o l u t i o n  w e r e  t h e n  t r e a t e d  a l o n g  w i t h  t h e  t e s t  s o l u t i o n s  an d  

t h e  c o l o u r  o f  i t  u s e d  a s  t h e  s t a n d a r d .  As r e a d  o n  t h e  

S p e k k e r  a b s o r p t i o m e t e r  t h e  s o l u t i o n  was  0 .0 0 0 0 0 1 5 8 3 M  a n d  

g a v e  a  d e f l e c t i o n  o f  a b o u t  4 0 0  f r o m  w a t e r .

The t i m e  a l l o w e d  b e t w e e n  t h e  v a r i o u s  s t a g e s  was  f o u n d  

t o  b e  c r i t i c a l  a n d  t h e  f o l l o w i n g  s c h e d u l e  w as  a d o p t e d :

To t h e  t e s t  o r  s t a n d a r d  s o l u t i o n  i n  a  50  c c .  s t a n d a r d  f l a s k  

1  c c .  0.51m HC1 was a d d e d .  To t h i s  s o l u t i o n ,  c o o l e d  i n  i c e ,

1  c c .  0*1/6 NaETOg w as  a d d e d ,  t h e  f l a s k  s h a k e n  a n d  a l l o w e d  t o  

s t a n d  2-J- -  3 m i n u t e s .  The f l a s k  w a s  t h e n  r e m o v e d  f r o m  t h e  

i c e - b a t h  a n d  1 c c .  20;£ u r e a  s o l u t i o n  a d d e d .  A f t e r  s h a k i n g ,  

t h e  i n s i d e  o f  t h e  f l a s k  was w a s h e d  down w i t h  w a t e r  a n d  allovt?ed 

t o  s t a n d  5 m i n u t e s .  1 c c .  0 . 1 % a q u e o u s  N - l - n a p h t h y l  e t h y l e n e -  

d i a m i n e  d i h y d r o c h l o r i d e  was  a d d e d  a n d  a f t e r  2 0  m i n u t e s  t h e  

c o n t e n t s  o f  f l a s k  w e re  d i l u t e d  t o  t h e  m a r k .  The r e a d i n g s

on t h e  S p e k k e r  a b s o r p t i o m e t e r  w e r e  t h e n  t a k e n  i n  l e s s  t h a n

2  h o u r  s .

The  r e a s o n  f o r  t h e  i n i t i a l  a d d i t i o n  o f  HC1 i s  t h a t  t h e  

d y e s t u f f  p r o d u c e d  i s  a n  i n d i c a t o r ,  b e i n g  p u r p l e  i n  a c i d ,  

pH <  4 ,  y e l l o w - a m b e r  a t  pH 4 - 1 0  a n d  p i n k  a t  pH >  1 0 .

The  p e a k  o f  t h e  a b s o r p t i o n  b a n d  o f  t h e  p u r p l e  s o l u t i o n  

was  f o u n d  t o  be  a b o u t  5 7 0 0 ,  so  t h e  S p e k k e r  was u s e d  w i t h  

f i l t e r  H o .  6 0 6 .



The p o t e n t i o m e t r i c  t i t r a t i o n  w a s  c a r r i e d  o u t  b y  a d d i n g

N / lO  c a u s t i c  s o d a  ( c a r b o n a t e  f r e e )  t o  a n  a c c u r a t e l y  known

am oun t  o f  s u b s t a n c e  d i s s o l v e d  i n  a n  a c c u r a t e l y  known a m o u n t

o f  A HC1, d i l u t e d  t o  t h e  r e q u i r e d  v o l u m e .  M e a s u r e m e n t s  o f

pH a g a i n  w e r e  made w i t h  a  g l a s s  e l e c t r o d e  a s  b e f o r e .

The pH o f  t h e  b u f f e r s  i s  know n ( A l l ) ,  v i z .  4 . 6 4  a t

20°C. a n d  4 . 6 5  a t  25°C. f o r  a c e t a t e  ( 0 . 1 N )  a n d  9 . 2 2  a t  20°C.

a n d  9 . 1 8  a t  25°C. f o r  b o r a x  ( 0 . 0 5 M ) .  Thus  f r o m  t h e  p o t e n t i o -
AEm e t r i c  r e a d i n g s  -------- c a n  b e  c a l c u l a t e d  a n d  t h e  p o t e n t i o -
A pH

m e t e r  r e a d i n g s  c o n v e r t e d  t o  p H s ,  t a k i n g  t h e  pH o f  t h e  a c e t a t e  

b u f f e r  a s  t h e  s t a n d a r d .  P r o m  t h i s  c a n  b e  c a l c u l a t e d ,

h  a n d  a  a r e  known f r o m  t h e  a m o u n t s  o f  b a s e  a n d  a c i d  f r o m  

w h i c h  t h e  s o l u t i o n  i s  m a d e .  b  i s  f o u n d  f r o m  t h e  f a c t  t h a t  

a t  t h e  e q u i v a l e n c e  p o i n t  b  = h  a n d  s o  a t  a n y  s t a g e  i n  t i t r a 

t i o n  b  i s  t h e  f r a c t i o n  o f  h  t h a t  t h e  v o l u m e  o f  c a u s t i c  s o d a  

a d d e d  a t  t h a t  p o i n t  i s  o f  t h e  v o l u m e  a d d e d  a t  t h e  e q u i 

v a l e n c e  p o i n t .  K c a n  now b e  o b t a i n e d  b y  s u b s t i t u t i o n  o f  

t h e s e  v a l u e s  i n  e q u a t i o n  ( 7 ) .

RESULTS

p - c h l o r o a n i l i n e .

A f t e r  s e v e r a l  d e t e r m i n a t i o n s  t h e  v a l u e  0 . 0 1 9 8  m o l e /  

l i t r e  was  a s s i g n e d  t o  SQ, t h e  s o l u b i l i t y  a t  pH 7 o r  m o r e .



The i o n i c  s t r e n g t h  a f t e r  s a t u r a t i o n  a t  pH7 w as  c a l c u l a t e d  

t o  b e  a p p r o x i m a t e l y  0 . 1  s o  t h e  i o n i c  s t r e n g t h  was m a i n t a i n e d

a t  t h i s  v a l u e  t h r o u g h o u t .  V a l u e s  o f  t h e  s o l u b i l i t y  a t
/  S \  . ^

v a r i o u s  pHs w e r e  t h e n  f o u n d ,  l o g   ̂ -  1 J p l o t t e d  a g a i n s t

pH a n d  t h e  l i n e  w i t h  g r a d i e n t  - 1  d r a w n  a s  shown i n  f i g u r e  A l.

F ro m  t h e  g r a p h ,  pK^ = 4 . 1 6

pK^ = 1 0 . 0 1  (pKw a t  2 0 °C = 1 4 . 1 V )

C o r r e c t i n g  f o r  e s t i m a t i o n  o f  a c t i v i t i e s ,
■p *

f r o m  (5 )  pK-u 4- l o g

, f B

' * pKb = pKb " l o §
f B__

- l o g  f BH+ = 0 . 5 J 0 . 1

. * .  - l o g  f BH+ = + 0 . 1 6

. ’ . pKb  = 1 0 . 1 7

pK = 4 . 0 0 .^  a

P o t e n t i o m e t r i c  T i t r a t i o n  M e t h o d .  A s o l u t i o n  c o n t a i n 

i n g  a b o u t  0 . 2  -  0 . 2 5  g .  p - c h l o r o a n i l i n e  a n d  2 . 5  c c .  N HC1 i n  

a  1 0 0  c c .  s o l u t i o n  was m ade  u p  a n d  1 0  c c .  d i l u t e d  t o  40  c c .  

f o r  u s e ,  t h a t  c o n c e n t r a t i o n  b e i n g  o f  t h e  same o r d e r  a s  t h a t  

w h i c h  w o u l d  b e  o b t a i n e d  b y  t h e  m e t h o d  o f  s a t u r a t i o n  i n  

b u f f e r  s o l u t i o n .  A s p e c i m e n  c a l c u l a t i o n  i s  g i v e n  i n  T a b l e  A l.

F o u r  d e t e r m i n a t i o n s  g av e  t h e  v a l u e s  f o r  pK^ 1 0 . 2 7 ,

1 0 . 2 7 ,  1 0 . 2 6 ,  1 0 . 2 7 ,  i . e . ,  pK = 3 . 9 0 .
cl

F a r m e r  a n d  W a r t h  (A17) o b t a i n e d  t h e  v a l u e  o f  4 . 0 7  f o r

=



pKa  a t  25°C. a n d  F l u r s c h e i m  (A18) o b t a i n e d  t h e  v a l u e  3 . 9 3
- 1 4

f o r  pK_ a t  25°C. ( u s i n g  K a t  2 5°C  = 1 . 1 8  x  10 ) b y  t h ex d. VJ

d i s t r i b u t i o n  m e t h o d .  H a l l  (A19) g i v e s  a  m e t h o d  o f  c o r r e c t 

i n g  v a l u e s  o f  pK^ f o r  c h a n g e  i n  t e m p e r a t u r e  b u t  o w in g  t o  

t h e  o t h e r  d i f f e r e n c e s  h e r e ,  e . g . ,  t h e  v a l u e  o f  K^ ,  t h i s  

c o r r e c t i o n  i s  n o t  s i g n i f i c a n t .  

p - b r o m o a n i l i n e  .

F o u r  h o u r s  w as  a g a i n  f o u n d  t o  b e  s u f f i c i e n t  t i m e  f o r  

s a t u r a t i o n .

The p r o c e d u r e  d e s c r i b e d  f o r  p - c h l o r o a n i l i n e  w a s  r e 

p e a t e d  u s i n g  p - b r o m o a n i l i n e .

SQ was  a s s i g n e d  t h e  v a l u e  o f  0 . 0 1 4 2  m o l e / l i t r e .

F r o m  t h e  g r a p h ,  f i g u r e  A2 , 

pKa  = 4 . 0 1  

. * .  pK^ = 1 0 . 1 6 .

A p p l y i n g  t h e  a c t i v i t y  c o r r e c t i o n  a s  b e f o r e ,  

pK& = 3 . 8 5  a n d  pK^ = 1 0 . 2 2 .

P o t e n t i o m e t r i e  T i t r a t i o n  M e t h o d .  A s o l u t i o n  s i m i l a r  

t o  t h e  o n e  f o r  t h e  p o t e n t i o m e t r i e  t i t r a t i o n  o f  p - c h l o r o 

a n i l i n e  w a s  u s e d .  An e x t r a c t  f r o m  t h e  r e s u l t s  i s  g i v e n  

T a b l e  A2.

Two d e t e r m i n a t i o n s  g a v e  t h e  v a l u e s  1 0 . 2 4  a n d  1 0 . 2 2  f o r  

pK ^.  F o r  p - b r o m o a n i l i n e ,  F l u r s c h e i m  (A18) o b t a i n e d  t h e  

v a l u e  o . 8 7  f o r  pKa  a t  25°G. a n d  F a r m e r  a n d  W a r t h  (A17) t h e



v a l u e  3 . 9 4  f o r  pK a g a i n  a t  25°C .

I n  a p p l y i n g  t h e  a c t i v i t y  c o r r e c t i o n  t h e  s i m p l e  D eb y e-  

r l u c k e l  e q u a t i o n  f o r  d i l u t e  s o l u t i o n s  was u s e d  b u t  a s  t h e  

s o l u t i o n s  w e re  o f  c o n c e n t r a t i o n  0.1M a n d  t h u s  r a t h e r  t o o  

c o n c e n t r a t e d  f o r  t h i s  e q u a t i o n  t o  be  a d e q u a t e ,  t h e  am ount
i

s u b t r a c t e d  f r o m  pK& w i l l  b e  s l i g h t l y  t o o  l a r g e  a n d  t h e  

v a l u e s  o f  pK_ w i l l  t e n d  to  b e  l o w .  A t  p r e s e n t  t h e  d a t a  r e -gL

q u i r e d  t o  u s e  t h e  m ore  e x a c t  e q u a t i o n  a r e  n o t  a v a i l a b l e .

The r e s u l t s  a r e  i n  g o o d  a g r e e m e n t  w i t h  p r e v i o u s  o n e s  

a n d ,  a s  n e i t h e r  o f  t h e  w o r k e r s  r e f e r r e d  t o  w e r e  I n  a  p o s i t i o n  

t o  m ak e  a c t i v i t y  c o r r e c t i o n s ,  t h e  r e s u l t s  o b t a i n e d  h e r e  

s h o u l d  b e  m ore  a c c u r a t e .  A l s o  t h e  r e s u l t s  o b t a i n e d  h e r e  b y  

t h e  two d i f f e r e n t  m e t h o d s  a g r e e  c l o s e l y ,  e s p e c i a l l y  t h o s e  

f o r  p - b r o m o a n i l i n e .

B e n z i d i n e .

P o t e n t i o m e t r i e  T i t r a t i o n  M e th o d .  The f i r s t  t i m e  t h e  

d i h y d r o c h l o r i d e  w as  u s e d  i n  a b o u t  t h e  same c o n c e n t r a t i o n  a s  

f o r  p r e v i o u s  e x p e r i m e n t s ,  an d  t h e  r e s u l t s  w e re  i n a c c u r a t e  

ow in g  t o  t h e  b e n z i d i n e  c r y s t a l l i s i n g  o u t  when t h e  e q u i v a l e n c e  

p o i n t  was  a p p r o a c h e d .

Two t i t r a t i o n s  w e r e  t h e n  d o n e  o n  t h e  f r e e  b a s e  d i s 

s o l v e d  i n  a c i d  s o l u t i o n .  A b o u t  0 . 2  g .  b e n z i d i n e .  H^O was 

d i s s o l v e d  i n  a b o u t  2 . 5  c c .  N HC1 a n d  t h e  s o l u t i o n  d i l u t e d  

t o  100  c c . 10  c c .  o f  t h i s  s o l u t i o n  w e re  d i l u t e d  t o  40 c c .



f o r  u s e .  The c a l c u l a t i o n  g i v e n  p r e v i o u s l y  was  t a b u l a t e d  

a s  shown i n  T a b l e  A3. The c r i t i c a l  p o i n t s  o f  t h e  g r a p h

w e r e  f o u n d  a l l  t o  l i e  i n  t h e  s e c o n d  h a l f  o f  t h e  n e u t r a l i s a 

t i o n  w h e r e  t h e  i o n i c  s t r e n g t h  i s  c o n s t a n t ,  h e n c e  f-j_ a n d  f g  

a r e  a l s o  c o n s t a n t .

F ro m  t h e  g r a p h ,  f i g u r e  A3,

Ka g  = 1 . 0 5  x  1 0 “ 5

_ S . 45  x  1 0 - 9  
Ka l  1 . 0 5  x  1 0 - 5

. ' .  K = 2 . 3 3  x  1 0 “ 4  
a l

. ’ . pK = 3 . 6 3  ; pK = 4 . 9 8  a l  a 2

= 9 . 1 9  a n d  pK^g = 1 0 . 5 4 .

The s e c o n d  t i t r a t i o n  g a v e  p K ^  = 9 . 2 0  a n d  pK^g =

A f u r t h e r  t i t r a t i o n  w a s  done  o n  2 0  c c .  ( d i l u t e d  t o  

40 c c . ) o f  a b o u t  0 . 1 4  g .  b e n z i d i n e  d i h y d r o c h l o r i d e  i n  

1 0 0  c c . a n d  t h e  v a l i i e s  p K ^  ”  9 . 1 8  a n d  pK^g = 1 0 . 4 4  w e re  

o b t a i n e d .

L a n d o l t - B b r n s t e i n 1s T a b e l l e n  q u o t e  a  s i n g l e  v a l u e  o f

g t o  pKb  = 8 . 8 0  a t  2 0 °C. g:

“ 1 0  „ „  j  xr _  e c  ,,  n

= 1 . 6  x  1 0 " 9  c o r r e s p o n d i n g  t o  pK^ = 8 . 8 0  a t  2 0 °C. g i v e n

b y  P r i n g ,  a n d  Kbb  = 9 . 3  x  1 0 " ^  a n d  = 5 . 6  x  1 0  J"1' a t  

30°C.,  c o r r e s p o n d i n g  t o  P ^ b l  = 9 . 0 3  a n d  pK^g = 1 0 . 2 5  by  

C l a r k ,  C ohen  a n d  G i b b s .  As b e f o r e  t h e  v a l u e s  g i v e n  h e r e  

s h o u l d  b e  m o re  a c c u r a t e  t h a n  t h o s e  o f  p r e v i o u s  v i o r k e r s .



S o l u b i l i t y  M e th o d .  As b e f o r e  i t  w a s  n e c e s s a r y  f i r s t  

t o  d e t e r m i n e  t h e  Sq v a l u e  b u t  t h i s  p r o v e d  t o  b e  u n e x p e c t e d l y  

d i f f i c u l t .  The r e s u l t s  w e r e  n o t  a s  c o n s i s t e n t  a s  p r e v i o u s 

l y  an d  t h e  d o u b t  a s  t o  t h e  t r u e  v a l u e  f o r  SQ c a s t  s u s p i c i o n  

on  a n y  o t h e r  s o l u b i l i t y  d e t e r m i n a t i o n s . H o w ev e r ,  o t h e r  

m e a s u r e m e n t s  w e r e  made a t  l o w e r  p H s ,  s u p p l i e d  by  t h e  p h o s 

p h a t e - a c e t a t e  b u f f e r ,  a n d  t h e s e  s e e m e d  t o  i n d i c a t e  a n  

e x t r e m e l y  low s o l u b i l i t y  a t  pHs a r o u n d  4 . 5 .  I n s p e c t i o n  

r e v e a l e d  t h a t  t h e  a p p e a r a n c e  o f  t h e  s o l i d  r e s i d u e  a f t e r  

s t i r r i n g  w a s  s l i g h t l y  d i f f e r e n t  f r o m  t h e  o r i g i n a l  a p p e a r a n c e  

o f  t h e  b e n z i d i n e .  A t  t h i s  pH s t a g e ,  t h e  p h o s p h a t e  i o n s  

s h o u l d  b e  a l m o s t  e n t i r e l y  HgPO^ a n d  so a  s a t u r a t e d  a q u e o u s  

s o l u t i o n  o f  b e n z i d i n e  w a s  m i x e d  w i t h  a q u e o u s  KHgPO^, a n d  a  

p r e c i p i t a t e ,  s i m i l a r  i n  a p p e a r a n c e  t o  t h e  r e s i d u e ,  was o b 

t a i n e d .  A n a l y s i s  o f  t h e  r e s i d u e  g a v e  b e n z i d i n e ,  c o l o r i -  

m e t r i c a l l y  a s  a l r e a d y  d e s c r i b e d ,  66 .9% an d  Hp PO^f , p r e c i 

p i t a t e d  a n d  w e i g h e d  a s  m a g n e s i u m  ammonium p h o s p h a t e  h e x a -  

h y d r a t e ,  3 4 .8 %  an d  3 3 . 7 % .  The f o r m u l a  HH 

r e q u i r e s  b e n z i d i n e  65 .3% a n d  HgPO^’ 34 .4%  so  t h e  r e s i d u e  

w as  a s s u m e d  t o  be b e n z i d i n e  d i h y d r o g e n  p h o s p h a t e .

S u c c i n a t e  b u f f e r ,  v h i c h  was t h e n  t r i e d ,  g a v e  s i m i l a r  

t r o u b l e  a n d  i t  was p r e s u m e d  t h a t  b e n z i d i n e  a l s o  g i v e s  an  

i n s o l u b l e  s u c c i n a t e .

W i t h  a c e t a t e  b u f f e r  I n c r e a s e d  s o l u b i l i t y  was n o t e d  w i t h  

d e c r e a s i n g  pH a n d  t h e  t r e n d  was i n  a p p r o x i m a t e l y  t h e  c o r r e c t



d i r e c t i o n  b u t  u n f o r t u n a t e l y  w i t h  t h i s  b u f f e r  i t  w as  i m p o s s i b l e  

t o  g e t  s o l u t i o n s  o f  pH <  4 ,  e v e n  u s i n g  s o l u t i o n s  o f  N /1 0  

a c e t i c  a c i d .

A g r a p h  o f  t h e  f o r m  i n  w h i c h  b e n z i d i n e  w o u ld  b e  p r e s 

e n t  a t  v a r i o u s  pHs w as  w o r k e d  o u t  f r o m  t h e  e q u a t i o n s  g i v e n  

b y  S m i t h  (A20) a n d  u s i n g  t h e  d i s s o c i a t i o n  c o n s t a n t s  o b t a i n e d  

by  p o t e n t i o m e t r i e  t i t r a t i o n  ( f i g u r e  A4) . T h i s  was  m a i n l y  

t o  g i v e  an  i n d i c a t i o n  o f  t h e  i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n s  

u n d e r  o b s e r v a t i o n  and  a l s o  t o  g i v e  some i d e a  o f  how low a 

pH w o u l d  be r e q u i r e d  f o r  t h e  s o l u b i l i t y - p H  g r a p h  t o  a p p r o a c h  

a  g r a d i e n t  o f  - 2 .

A h y d r o c h l o r i c  a c i d - s o d i u m  c h l o r i d e  b u f f e r  w a s  t h e n  

u s e d .  A g a i n  an  i n c r e a s e d  s o l u b i l i t y  o f  b e n z i d i n e  was f o u n d  

w i t h  d e c r e a s i n g  pH b u t  o n c e  m ore  a  b a r  was  e n c o u n t e r e d  

a b o u t  pH 4 a n d  a n y  m e a s u r e m e n t s  o b t a i n e d  a t  l o w e r  pH w e re  

v e r y  e r r a t i c .

N / l O  f o r m i c  a c i d  w as  a l s o  t r i e d  a s  s o l v e n t  w i t h  no 

b e t t e r  r e s u l t .

Ho s a t i s f a c t o r y  e x p l a n a t i o n  c a n  a t  p r e s e n t  be  g i v e n  

e i t h e r  f o r  t h e  i n c o n s i s t e n c y  i n  t h e  SQ d e t e r m i n a t i o n s ,  w h i c h  

s e e m e d  u n r e l i a b l e  e v e n  i n  w a t e r ,  o r  f o r  t h e  d i f f i c u l t y  i n  

g e t t i n g  v a l u e s  f o r  S be lovj pH 4 .

An e x p e r i m e n t  was  t r i e d  o u t  In  w h i c h  b e n z i d i n e  was 

s t i r r e d  i n  H / l O  HC1 s o l u t i o n  a n d  t h e  pH m e a s u r e d  a t  i n t e r v a l s .



The i n i t i a l  pH o f  1 . 1 3  r o s e  t o  2 . 7 7  a f t e r  35 m i n u t e s  a n d  

r e m a i n e d  s u b s t a n t i a l l y  c o n s t a n t  f o r  1 -| h o u r s .  T h i s  may 

i n d i c a t e  t h a t  b e n z i d i n e  was g o i n g  i n t o  s o l u t i o n  a n d  b e n z i 

d i n e  h y d r o c h l o r i d e  s e p a r a t i n g  o u t  s o  t h a t ,  i n  f a c t ,  t h e  

s o l u b i l i t y  o f  b e n z i d i n e  h y d r o c h l o r i d e  i n  HC1 was b e i n g  

m e a s u r e d ,  a n d  t h i s  i s  known t o  d e c r e a s e  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n  o f  HG1 ( A 9 ) .

A l s o  t h e  b e n z i d i n e  a s  u s e d  c o n t a i n s  1 m o l e c u l e  o f  w a t e r  

o f  c r y s t a l l i s a t i o n  and  t h i s  m i g h t  c a u s e  t r o u b l e  i f  a  t r a n s i 

t i o n  w a s  i n v o l v e d  a s  w e l l  a s  t h e  o r d i n a r y  p r o c e s s  o f  s o l u t i o n .  

H o w e v e r ,  t h e  l i t e r a t u r e  seem s  t o  i n d i c a t e  70°C. a s  n e a r e r  

t h e  t r a n s i t i o n  t e m p e r a t u r e  a n d  t h e  t e m p e r a t u r e  h e r e  was  c o n 

s t a n t  a t  25°C. (A8 ) .
/ S  \

I n  f i g u r e  A5, l o g  [ ~  -  1 I h a s  b e e n  p l o t t e d  a g a i n s t

pH a s  f a r  a s  p o s s i b l e .  The v a l u e  u s e d  f o r  SQ, 0 . 0 0 1 9 6

m o l e / l i t r e ,  I s  t h e  a v e r a g e  o f  32 d e t e r m i n a t i o n s  i n  w a t e r ,

h y d r o c h l o r i d e  a n d  p h o s p h a t e - a c e t a t e  b u f f e r s  i n  w h i c h  t h e

f i n a l  pH was g r e a t e r  t h a n  7 .  L i n e s ,  o f  g r a d i e n t s  - 1  a n d

- 2 ,  h a v e  b e e n  d raw n  a n d  t h e s e  c u t  t h e  p H - a x i s  a t  5 . 0  an d

4 . 6 c  r e s p e c t i v e l y ,  g i v i n g  pK = 5 . 0  a n d  pK = 4 . 3  and
a 2  S-J-

so  pKb l  = 9 . 2  a n d  p K ^  = 9 . 9 .  As e x p e c t e d  p K ^  i s  v e r y  

m uch  l o w e r  t h a n  t h e  p o t e n t i o m e t r i e  v a l u e  b u t  -̂n

go o d  a g r e e m e n t .



The p o s i t i o n  i s ,  t h e r e f o r e ,  t h a t  h i  a c e t a t e  a n d  h y d r o 

c h l o r i d e  b u f f e r s  a n  i n c r e a s e  i n  s o l u b i l i t y  w i t h  d e c r e a s i n g  

pH i s  f o u n d  a n d  t h e  s o l u b i l i t y - p H  g r a p h  h a s  a  s l o p e  o f  

a p p r o x i m a t e l y  - 1 , c u t t i n g  t h e  p H - a x i s  a b o u t  pH 5 , t h e  u n 

c e r t a i n t y  b e i n g  c a u s e d  by  a n  u n c e r t a i n t y  a s  t o  t h e  t r u e  S
o

v a l u e  o n  w h i c h  d e p e n d s  t h e  a c c u r a c y  o f  t h e  pK o b t a i n e d .

B e low  pH 4 no  a c c u r a t e  f i g u r e s  h a v e  so  f a r  b e e n  o b t a i n e d  

a n d  so t h e  f i n a l  g r a d i e n t  o f  t h e  g r a p h  i s  y e t  u n c o n f i r m e d .

P r e l i m i n a r y  i n v e s t i g a t i o n s  w e re  c a r r i e d  o u t  on 4 -  

n i t r o - r e s o r c i n o l  t o  a s c e r t a i n  i f  i t  was s u i t a b l e  f o r  u s e  a s  

a  d i b a s i c  a c i d .  The d i s s o c i a t i o n  c o n s t a n t s  a r e  n o t  known 

v e r y  a c c u r a t e l y  b u t  i t s  s o l u b i l i t y  i s  o f  a b o u t  t h e  r i g h t  

o r d e r .

4 - n i t r o s o - r e s o r c i n o l  was p r e p a r e d  a c c o r d i n g  t o  H e n r i c h  

(A21) a n d  t h e n  o x i d i s e d  w i t h  a l k a l i n e  h y d r o g e n  p e r o x i d e  

( A 2 2 ) ,  t h e  p r e c a u t i o n s  g i v e n  b y  G i l b e r t ,  L a x t o n  and P r i d e a u x  

(A23) b e i n g  o b s e r v e d .  O n ly  a  v e r y  s m a l l  q u a n t i t y  o f  t h e  

h e m i h y d r a t e , m . p .  82°C. w a s  o b t a i n e d .

The m e t h o d  re c o m m en d e d  b y  A s t l e  an d  S t e v e n s o n  (A24) 

was t h e n  t r i e d .  T h i s  i s  due  t o  K a u f fm a n  a n d  K u g e l  (A25) 

a n d  was  f o u n d  t o  b e  m ore  s u c c e s s f u l .

2 1 . 2  g .  s o d i u m  c a r b o n a t e  w a s  a d d e d  t o  1 1  g .  r e s o r c i n o l  

d i s s o l v e d  i n  3 1 0  c c .  w a t e r .  1 5 . 4  g .  b e n z o y l  c h l o r i d e  was 

a d d e d  a n d  t h e  m i x t u r e  s h a k e n  v i g o r o u s l y  u n t i l  s m a l l  h a r d



p e l l e t s  o f  t h e  m o n o b e n z o a t e  w e re  f o r m e d .  A f t e r  r e c r y s t a l 

l i s a t i o n  f r o m  b e n z e n e ,  1  p a r t  o f  t h e  m o n o b e n z o a t e  was  d i s 

s o l v e d  i n  1 0  p a r t s  g l a c i a l  a c e t i c  a c i d  a n d  1  p a r t  c o n c e n 

t r a t e d  n i t r i c  a c i d  a d d e d .  When t h e  r e a c t i o n  was o v e r  t h e  

m i x t u r e  w a s  d i l u t e d  w i t h  t h e  same v o lu m e  o f  w a t e r  a n d  t h e  

p r o d u c t  f i l t e r e d ,  d r i e d  o n  a  w a t e r - b a t h  a n d  e x t r a c t e d  w i t h  

c h l o r o f o r m .  The r e s i d u e ,  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  5 0 ^  

a l c o h o l  and  c h a r c o a l ,  was  p u r e  w h i t e .  The n i t r o m o n o -  

b e n z o a t e  w as  h y d r o l y s e d  b y  h e a t i n g  i t  f o r  a  s h o r t  t i m e  

w i t h  10% s o d i u m  h y d r o x i d e  s o l u t i o n  a n d  t h e  s o l i d  o b t a i n e d  

on  a c i d i f i c a t i o n  o f  t h e  s o l u t i o n  w i t h  HC1 r e c i y s t a l l i s e d  

f r o m  c a r b o n  t e t r a c h l o r i d e  t o  r em o v e  b e n z o i c  a c i d .

P o t e n t i o m e t r i e  t i t r a t i o n  was c a r r i e d  o u t  a n d  as  t h e

g r a p h  o f  pH a g a i n s t  c c . NaOH a d d e d  showed tw o  end  p o i n t s ,

t h e  pKs w e re  w o r k e d  o u t  s e p a r a t e l y  a s  f o r  tw o  m o n o b a s i c

a c i d s .  P o u r  t i t r a t i o n s  g a v e  t h e  v a l u e s  6 . 2 3 ,  6 . 7 4 ,  6 . 1 9 ,

6 . 2 1  f o r  pKx a n d  9 . 4 0 ,  9 . 5 0 ,  9 . 3 5 ,  9 . 4 0  f o r  p K g . T h i s

i n d i c a t e s  a  v a l u e  o f  a b o u t  6 . 2  f o r  pK an d  9 . 3  f o r  pK .
i i  y

G i l b e r t ,  L a x t o n  a n d  P r i d e a u x  (A23) o b t a i n e d  a  pK = 

5 . 9 8  b y  a  c o n d u c t i v i t y  m e t h o d  an d  a  pK o f  8 . 8 1  b y  a  c o l o r i 

m e t r i c  m e t h o d .  B a d e r  (A26) g i v e s  K = 1 . 2  x  1 0 ,  i . e . ,  

pK = 5 . 9 2 .

A s u i t a b l e  m e t h o d  o f  e s t i m a t i n g  4 - n i t r o s o - r e s o r c i n o l  

i n  s o l u t i o n  was  n o t  f o u n d .



SECTION 2.

DISSOCIATION CONSTANTS IN MIXED SOLVENTS 

BY DIFFERENT METHODS.



As m e n t i o n e d  i n  t h e  i n t r o d u c t i o n ,  m e a s u r e m e n t s  o f  

d i s s o c i a t i o n  c o n s t a n t s  f o r  a c i d s  i n  n o n - a q u e o u s  a n d  i n  

m i x e d  s o l v e n t s  a r e  o f  i n t e r e s t  f o r  t h e  i n f o r m a t i o n  t h e y  

p r o v i d e  a s  t o  s o l v e n t  n a t u r e  a n d  a c i d  s t r e n g t h .  I n  p a r 

t i c u l a r ,  c o n s i d e r a b l e  i m p o r t a n c e  h a s  a t t a c h e d  i n  r e c e n t  

y e a r s  t o  t h e  v a r i a t i o n  o f  t h e  r e l a t i v e  s t r e n g t h s  o f  a c i d s  

w i t h  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  m e d iu m .  T h i s  r a i s e s  

t h e  p r o b l e m  o f  w h e t h e r  t h e  c h a n g e  i n  pK i s  due  m a i n l y  t o  

t h e  c h a n g e  i n  d i e l e c t r i c  c o n s t a n t  o r  t o  some o t h e r  e f f e c t .  

A l s o  i t  i s  n e c e s s a r y  t o  know t h e  r e l i a b i l i t y  o f  t h e  pKs 

o b t a i n e d  b y  d i f f e r e n t  m e t h o d s  i n  o r d e r  t o  make a  f a i r  com

p a r i s o n ,  i . e . ,  i f  i t  i s  v a l i d  t o  c o m p ar e  pK i n  m i x e d  s o l 

v e n t  o b t a i n e d  b y  c o n d u c t i v i t y  w i t h  t h e  a p p a r e n t  pK f r o m  

m e a s u r e m e n t  o f  pH i n  a  c e l l  i n v o l v i n g  a  l i q u i d  j u n c t i o n  

a n d  w i t h  a  g l a s s  e l e c t r o d e  s t a n d a r d i s e d  by a q u e o u s  b u f f e r s .

K n o w le d g e  o f  t h e  v a r i a t i o n  o f  d i s s o c i a t i o n  c o n s t a n t  

w i t h  s o l u t i o n  c o m p o s i t i o n  i s  a l s o  o f  i n t e r e s t  i n  c o n n e c t i o n  

w i t h  d i s s o c i a t i o n  c o n s t a n t  d a t a  f o r  a c i d s  w h i c h  a r e  i n 

s o l u b l e ,  o r  v e r y  s p a r i n g l y  s o l u b l e ,  i n  w a t e r .  I n  s u c h  c a s e s  

t h e  d i s s o c i a t i o n  c o n s t a n t  i s  n o r m a l l y  d e t e r m i n e d  i n  n o n -  

a q u e o u s  o r  m i x e d  s o l v e n t  a n d  a  d i s s o c i a t i o n  c o n s t a n t  i n  w a t e r  

o b t a i n e d  b y  e x t r a p o l a t i o n .  L y n c h  a n d  La Mer (B5) f o u n d  

t h a t ,  f o r  a c e t i c ,  p r o p i o n i c ,  b u t y r i c  a n d  b e n z o i c  a c i d s  i n  

d i o x a n - w a t e r  m i x t u r e s ,  a  l i n e a r  p l o t  was o b t a i n e d  i n  a  g r a p h  

o f  pK a g a i n s t  t h e  r e c i p r o c a l  o f  t h e  d i e l e c t r i c  c o n s t a n t .



C a v i l l ,  G i b s o n  a n d  Nyholm ( 5 4 ) ,  u s i n g  p - a l k o x y b e n z o i c  a c i d s

i n  a c e t o n e - w a t e r  m i x t u r e s ,  p l o t t e d  a p p a r e n t  pK a g a i n s t  
1  • 28x  V , w h e r e  x  w as  t h e  p e r c e n t a g e  a c e t o n e .  The w o rk  d o n e  

i n  b o t h  o f  t h e s e  p a p e r s ,  h o w e v e r ,  was  c o m p l i c a t e d  by  t h e  

p r e s e n c e  o f  c o n s i d e r a b l e  q u a n t i t i e s  o f  l i t h i u m  c h l o r i d e  

a n d  i n  t h e  l a t t e r  c a s e  m e a s u r e m e n t s  w ere  made on a  g l a s s  

e l e c t r o d e ,  w h i c h  h a s  b e e n  s t a t e d  t o  b e  u n r e l i a b l e  i n  m i x e d  

s o l v e n t .

A c e r t a i n  d i s c r e p a n c y  e x i s t s  i n  d i s s o c i a t i o n  c o n s t a n t s  

a s  o b t a i n e d  b y  d i f f e r e n t  m e t h o d s ,  e s p e c i a l l y  w h e re  t h e  p e r 

c e n t a g e  o f  w a t e r  i s  l o w .  D ip p y  s t a t e s  (9 )  t h a t  K i l p a t r i c k  

r e p o r t s  tw o  d i f f e r e n t  v a l u e s  o f  pK f o r  s u b s t i t u t e d  b e n z o i c  

a c i d s  o b t a i n e d  by  d i f f e r e n t  p r o c e d u r e s .  S a x t o n  and  D a r k e n  

(B6 ) o b t a i n e d  a  c o n s i s t e n t  v a l u e  f o r  f o r m i c  a c i d  a n d  c o u l d  

n o t  e x p l a i n  t h e  d i f f e r e n c e  b e t w e e n  t h e i r  v a l u e  a n d  t h a t  o f  

E a r n e d  a n d  Em bree  ( B 7 ) ,  e x c e p t  t h a t  i t  was d o n e  b y  a  

d i f f e r e n t  m e t h o d .

I t  w as  t h e r e f o r e  d e c i d e d  t o  c a r r y  o u t  a  s e r i e s  o f  

d e t e r m i n a t i o n s  o f  d i s s o c i a t i o n  c o n s t a n t  o f  b e n z o i c  a c i d  i n  

m i x e d  s o l v e n t ,  v i z .  d i o x a n - w a t e r  m i x t u r e s ,  by  d i f f e r e n t  

m e t h o d s ,  c o n d u c t i m e t r i e , E .M .F .  a n d  pH, a n d  co m pare  t h e  

r e s u l t s  o b t a i n e d .  The pH m e th o d  i s  t h e  m o s t  c o n v e n i e n t  

t o  u s e  b u t  a l s o  t h e  l e a s t  a c c u r a t e  ow ing  t o  t h e  d i f f i c u l t y  

o f  t h e  l i q u i d - l i q u i d  j u n c t i o n  p o t e n t i a l  and  o f  th e  s o l v e n t



e r r o r  o f  t h e  g l a s s  e l e c t r o d e .  A c c o r d i n g  t o  D o l e ’ s t h e o r y  

(B9) a  c o r r e c t i o n  b a s e d  on t h e  a c t i v i t y  o f  t h e  w a t e r  i n  

t h e  s o l v e n t  c a n  be  a p p l i e d  t o  t h e  m e a s u r e d  pH t o  a l l o w  f o r  

t h e  e f f e c t  o f  c h a n g e  o f  s o l v e n t  on t h e  g l a s s  e l e c t r o d e  b u t  

r e c e n t l y  D o l e ’ s t h e o r y  h a s  b e e n  c r i t i c i s e d  (B8 ) a n d  o p i n i o n  

i s  now d i v i d e d ,  D o le  m a i n t a i n i n g  t h a t  th e  c o r r e c t i o n  i s  

a p p l i c a b l e  (BIO) w h i l e  o t h e r s  ( 2 3 , 6 5 , 7 0 , 7 3 , E4)  p r e f e r  t o  

l e a v e  t h e  pH a s  m e a s u r e d .  I t  w a s  h o p e d  t h a t  f r o m  t h e  

c o m p a r i s o n  o f  r e s u l t s  o b t a i n e d  by  t h e  d i f f e r e n t  m e t h o d s  

some o p i n i o n  c o u l d  b e  e x p r e s s e d  on t h i s  m a t t e r .



40.

Part 1.

C o n d u c t i m e t r i c  M e th o d .

The m e t h o d  o f  o b t a i n i n g  d i s s o c i a t i o n  c o n s t a n t s  f r o m  

c o n d u c t i v i t y  m e a s u r e m e n t s  h a s  i t s  o r i g i n  i n  Osswald’ s 

D i l u t i o n  Law

^  = Tn- w h e r e  << i s  t h e  d e g r e e  o f  d i s s o c i a t i o n .
o

A f t e r  t h e  d e v e l o p m e n t  o f  t h e  t h e o r y  o f  s t r o n g  

e l e c t r o l y t e s  i t  was f o u n d  n e c e s s a r y  t o  m o d i f y  O s w a l d ' s  

o r i g i n a l  e q u a t i o n  a n d  u s e  a  s l i g h t l y  l o w e r  v a l u e  t h a n  A e .

a s  i t  w as  d e s i g n a t e d ,  c a n  b e  c a l c u l a t e d  f r o m  t h e  

O n s a g e r  e q u a t i o n  a s  i s  d e s c r i b e d  l a t e r .  Thus  a
oC. ̂  c

The  c l a s s i c a l  d i s s o c i a t i o n  c o n s t a n t ,  K = “------ 7
c l  1  -  <<

h a s  now b e e n  r e p l a c e d  b y  t h e  t h e r m o d y n a m i c  d i s s o c i a t i o n
/ * /-> -P . 2~

c o n s t a n t ,  K = --------- -— =------  . i t  i s  p o s s i b l e  t o  e s t i -
1  -■* f

m a t e  t h e  a c t i v i t y  o f  t h e  ^ o n s ,  f . ,  i n  v e r y  d i l u t e  s o l u t i o n
T

b y  m e an s  o f  t h e  D e b y e - H u c k e l  e q u a t i o n

- l o g  f +  = 1 - 3 2 4 5  x  l o \ 2 J T

(DT) 3 / 2

a n d  t h e  a c t i v i t y  o f  t h e  n e u t r a l  m o l e c u l e s ,  f  , w h i c h  i s  

v e r y  n e a r l y  u n i t y ,  h a s  b e e n  a l l o w e d  f o r  b y  p l o t t i n g  pK ,
v

t h e  n e g a t i v e  l o g a r i t h m  o f  t h e  d i s s o c i a t i o n  c o n s t a n t  a s  

c a l c u l a t e d ,  a g a i n s t  c , t h e  c o n c e n t r a t i o n  o f  u n d i s s o c i a t e d  

m o l e c u l e s ,  a n d  e x t r a p o l a t i n g  t o  z e r o  c u  ( B 3 0 ) .

I n  o r d e r  t o  o b t a i n  a n  a c c u r a t e  A* v a l u e  f o r  b e n z o i c  

a c i d ,  i t  was  f o u n d  n e c e s s a r y  t o  e v a l u a t e  A c f o r  HC1, KC1



a n d  p o t a s s i u m  b e n z o a t e  a n d  t o  u s e  t h e  r e l a t i o n s h i p

^<?H Bz = "** KBz ~~ ^ o K C i

M e a s u r e m e n t s  on  t h e  b e n z o i c  a c i d  i t s e l f  t h e n  made p o s s i b l e  

t h e  c a l c u l a t i o n  o f  pK.

C o n d u c t i v i t y  m e a s u r e m e n t s  g i v e  a n  a c c u r a t e  v a l u e  f o r  

pK, b u t  t h e  m e t h o d  i s  t e d i o u s  and  t h e  a p p a r a t u s  r e q u i r e d  

i s  e l a b o r a t e .

C o n d u c t i v i t y  m e a s u r e m e n t s  w e re  made o n  a  s c r e e n e d  

A . C .  b r i d g e  o f  t h e  t y p e  d e s c r i b e d  b y  J o n e s  a n d  J o s e p h s  ( B l l )  

a n d  b y  S h e d l o v s k y  ( B 1 2 ) ,  t h e  p r e c a u t i o n s  r e co m m en d ed  f o r  

m i n i m i s i n g  e f f e c t s  d u e  t o  t h e  i n d u c t a n c e  a n d  c a p a c i t y  o f  

v a r i o u s  p a r t s  o f  t h e  b r i d g e  n e t w o r k  b e i n g  f o l l o w e d .

The c i r c u i t  was  e s s e n t i a l l y  a s  shown i n  t h e  d i a g r a m  

( p . 4 2 ) .  R-i was t h e  c e l l .  R_ was a  S u l l i v a n  n o n - r e a c t i v e  

r e s i s t a n c e  b o x ,  r e a d i n g  f r o m  1 0 , 0 0 0  t o  0 . 1  ohm. The 

r a t i o  a r m s ,  Rg a n d  R w e r e  s u p p l i e d  b y  a  1 0 0  ohm, S u l l i v a n  

n o n - r e a c t i v e  s l i d e  r e s i s t a n c e ,  t h e  t o t a l  r e s i s t a n c e  b e i n g  

s u b d i v i d e d  i n t o  1 0  p a r t s  b y  m eans  o f  two c o n c e n t r i c  d i a l s . 

The a m p l i f i e r  was  a  two s t a g e ,  h i g h  g a i n ,  m a i n s  o p e r a t e d  

m o d e l  a n d  m e a s u r e m e n t s  w e re  n o r m a l l y  made a t  1 0 0 0  and  

3 0 0 0  c y c l e s  p e r  s e c o n d .  The o s c i l l a t o r ,  a  m a i n s  o p e r a t e d ,  

H a r t l e y  t y p e  g i v i n g  f r e q u e n c i e s  f r o m  1 0 0 0  t o  1 0 , 0 0 0  c y c l e s  

p e r  s e c o n d ,  was  p l a c e d  a b o u t  1 2  f e e t  f r o m  t h e  b r i d g e  t o



p r e v e n t  i n t e r a c t i o n .  The 

l e a d s ,  "which w e r e  s c r e e n e d  

a n d  g r o u n d e d ,  c o n n e c t e d  t h e  

o s c i l l a t o r  t o  t h e  b r i d g e  

v i a  a  S u l l i v a n ,  b a l a n c e d  

a n d  s c r e e n e d  t r a n s f o r m e r ,  

d e s i g n e d  t o  s c r e e n  e f f e c t 

i v e l y  t h e  s u p p l y  s o u r c e  

f r o m  t h e  b r i d g e  w i t h o u t  u p 

s e t t i n g  t h e  b a l a n c e  o f  t h e  

l a t t e r  t o  e a r t h .  I t  i s  

p r e f e r a b l e  t o  h a v e  t h e  b r i d g e  

e a r t h e d  e s p e c i a l l y  i f  o t h e r  

e l e c t r i c a l  a p p a r a t u s  i s  

p r e s e n t  i n  t h e  ro o m  (B12) b u t  t h i s  m u s t  b e  done  c a r e f u l l y  

o r  e r r o r s  du e  t o  l e a k a g e  c u r r e n t s  t o  e a r t h  may be  i n t r o 

d u c e d .  The s h a r p n e s s  o f  t h e  s o u n d  minimum i n  t h e  d e t e c t o r  

i s  i m p r o v e d  b y  e a r t h i n g  b u t  t h e  t e l e p h o n e  e a r p i e c e  m u s t  be  

a t  g r o u n d  p o t e n t i a l  o r  t h e  c a p a c i t y  b e t w e e n  t h e  t e l e p h o n e  

c o i l s  a n d  t h e  o p e r a t o r  w i l l  c a u s e  a  l e a k a g e  o f  c u r r e n t .

J o n e s  and  J o s e p h s  ( B l l )  d e s c r i b e  a  m o d i f i e d  1/Vagner e a r t h  

w h i c h  i s  v e r y  s a t i s f a c t o r y • I n  t h e  d i a g r a m  t h i s  i s  

r e p r e s e n t e d  by  r e s i s t a n c e s  R5 , Rg ,  t h e  c o n t a c t  g ,  a n d  t h e  

v a r i a b l e  c o n d e n s e r  Cg. The c o n d e n s e r  was c o n n e c t e d  b y  

s w i t c h  t o  e i t h e r  A o r  A* . The b r i d g e  was b a l a n c e d  i n

A



t h e  u s u a l  way and  t h e n  t h e  d e t e c t o r ,  D, was c o n n e c t e d  t o  

g r o u n d  b y  s w i t c h  S g .  B was  b r o u g h t  t o  g r o u n d  p o t e n t i a l  

by a d j u s t i n g  t h e  c o n t a c t  g and  t h e  c o n d e n s e r  C . The 

b r i d g e  was  a g a i n  b a l a n c e d  i n  t h e  u s u a l  way a n d  i f  t h e  

c h a n g e  i n  Rg was  a p p r e c i a b l e  t h e  p r o c e s s  was r e p e a t e d .

C o n n e c t i o n s  t o  t h e  c e l l  w e re  made b y  t a k i n g  l e a d s  

f r o m  t h e  e l e c t r o d e s  t o  two m e r c u r y  c u p s  s u p p o r t e d  i n  t h e  

t h e r m o s t a t .  T h i s  p r e v e n t e d  h e a t  i n t e r c h a n g e  t o  t h e  room  

f r o m  t h e  c e l l .

Any r e s i s t a n c e  e f f e c t  du e  t o  t h e  l e a d s  f r o m  t h e  m e r c u r y  

c u p s  t o  t h e  b r i d g e  w as  a l l o w e d  f o r  b y  h a v i n g  a n  e q u a l  l e n g t h  

o f  i d e n t i c a l  w i r e  c o n n e c t i n g  t h e  r e s i s t a n c e  b o x  Rg t o  t h e  

c i r c u i t .

A S u l l i v a n  d e c a d e  s t a b l e  m i c a  c o n d e n s e r ,  r e a d i n g  f r o m  

0 t o  0 . 0 1  p F , c o u l d  b e  c o n n e c t e d  a c r o s s  Rg o r  t h e  c e l l  i n  

o r d e r  t o  c o m p e n s a t e  f o r  c a p a c i t y  e f f e c t s  i n  t h e  a rm s  o f  t h e  

b r i d g e .  The c o n n e c t i o n s  t o  t h e  c e l l  a n d  t h e  r e s i s t a n c e  

b o x  c o u l d  b e  i n t e r c h a n g e d  by m eans  o f  a  c o m m u t a t o r  o f  t h e  

r o c k i n g  t y p e .

When w a t e r  o r  s o l u t i o n s  o f  h i g h  r e s i s t a n c e  w e r e  b e i n g  

m e a s u r e d ,  a  s h u n t  was n e c e s s a r y  a c r o s s  t h e  c e l l .  T h i s  was 

s u p p l i e d  by  a  1 0 , 0 0 0  ohm s t a n d a r d  r e s i s t a n c e .

T e m p e r a t u r e  C o n t r o l .

As i t  h a s  b e e n  s t a t e d  t h a t  t h e  u s e  o f  w a t e r  may i n t r o 

d u c e  c o n s i d e r a b l e  e r r o r s  ( B l l ) ,  t h e  c e l l  was s u p p o r t e d  i n



a n  o i l - f i l l e d  t h e r m o s t a t .  The t e m p e r a t u r e  o f  t h e  b a t h  was 

k e p t  u n i f o r m  by  a n  e l e c t r i c a l l y  d r i v e n  p a d d l e  s y s t e m ,  and  

c o n s t a n t  t o  25°C. - 0 . 0 0 5 ° C .  b y  m ean s  o f  a  t o l u e n e - m e r c u r y  

s p i r a l  r e g u l a t o r ,  o p e r a t i n g  a  60 w a t t  c a r b o n  f i l a m e n t  lamp 

t h r o u g h  a  v a cu u m  r e l a y .  The t h e r m o m e t e r  u s e d  v/as s t a n d a r d 

i s e d  a g a i n s t  a  t h e r m o m e t e r  w h i c h  h a d  b e e n  r e c e n t l y  c a l i 

b r a t e d  a t  t h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r i e s .

W e i g h t  M e a s u r e m e n t s .

S m a l l  w e i g h i n g s  w e re  c a r r i e d  o u t  on a  b a l a n c e  made 

b y  T hom son ,  S k i n n e r  a n d  H a m i l t o n  L t d . , G la sg o w ,  w h i l e  

l o a d s  o f  o v e r  50  g .  w e r e  w e i g h e d  o n  a  l a r g e r  S a r t o r i u s  

b a l a n c e ,  s e n s i t i v e  t o  0 . 0 0 1  g .  The m i c r o - w e i g h i n g s  w e r e  

c a r r i e d  o u t  on an  O e r t l i n g  m i c r o - b a l a n c e  w h i c h  was k e p t  i n  

a  t h e r m o s t a t i c a l l y  c o n t r o l l e d  ro o m .  On t h i s  b a l a n c e  u p  

t o  10 mg. c o u l d  b e  w e i g h e d  o u t  a c c u r a t e l y  t o  0 . 0 0 5  mg. by  

d i f f e r e n c e  u s i n g  c o u n t e r p o i s e s .  The w e i g h t s  f o r  u s e  on 

t h e  o t h e r  two  b a l a n c e s  were  c a l i b r a t e d  b y  t h e  m e t h o d  o f  

R i c h a r d s  ( B 1 5 ) .

C o n d u c t i v i t y  C e l l s .

Two c e l l s ,  b o t h  o f  t h e  H a r t l e y - B a r r e t t  t y p e  (B14) 

w e r e  u s e d ,  one o f  f u s e d  s i l i c a  a n d  on e  o f  P y r e x  g l a s s .  The 

s i l i c a  c e l l  h a d  a  c a p a c i t y  o f  a b o u t  300  c c .  and  t h e  

e l e c t r o d e s ,  w h i c h  w ere  p l a t i n u m  c o a t e d  l i g h t l y  w i t h  p l a t i n u m  

b l a c k ,  w e r e  p l a c e d  a b o u t  3 mm. a p a r t .  I t  was u s e d  i n



b e n z o i c  a c i d  d e t e r m i n a t i o n s .  The P y r e x  c e l l  h a d  a g r e a t e r -  

c a p a c i t y ,  a b o u t  425  c c . ,  a n d  t h e  e l e c t r o d e s  o f  b r i g h t  

p l a t i n u m  w e r e  s p a c e d  a b o u t  1 cm. a p a r t .  I t  was  u s e d  f o r  

p o t a s s i u m  b e n z o a t e  an d  p o t a s s i u m  c h l o r i d e .  The t o p  o f  

b o t h  c e l l s  c a r r i e d  t h e  e l e c t r o d e  s u p p o r t s ,  a  s i d e  t u b e  

c l o s e d  by  a  t h r e e - w a y  t a p  t h r o u g h  w h i c h  p u r e  a i r  c o u l d  be 

b lo w n  i n t o  t h e  c e l l ,  and  a n  o p e n i n g ,  c l o s e d  by  a  g r o u n d  g l a s s  

c a p ,  t o  a l l o w  t h e  a d d i t i o n s  o f  s t o c k  s o l u t i o n  f r o m  a  w e i g h t  

b u r e t t e .

P r e p a r a t i o n  o f  C o n d u c t i v i t y  W a t e r .

C o n d u c t i v i t y  w a t e r  was p r e p a r e d  i n  a  s t i l l  o f  t h e  t y p e  

d e s c r i b e d  b y  B o u r d i l l o n  (B15) w i t h  c e r t a i n  m o d i f i c a t i o n s .

Tap w a t e r  (1°H)  was b o i l e d  ±a a  c o p p e r  b o i l e r  c o n t a i n 

i n g  a  l i t t l e  p o t a s s i u m  b i s u l p h a t e .  The s t e a m ,  a f t e r  p a s s i n g  

d o w n w ard s  t h r o u g h  a  l o n g  s p i r a l ,  s w i r l e d  t h r o u g h  a  s p r a y  

t r a p  a n d  u p  i n t o  a  v e r t i c a l ,  b l o c k  t i n  p i p e ,  t h r o u g h  w h i c h  

w as  p a s s i n g  a  s t r e a m  o f  p u r e  a i r  t o  rem ove  t h e  c a r b o n  d i o x i d e .  

A t  t h e  t o p  o f  t h e  p i p e  t h e r e  was a  c o l d  w a t e r  c o n d e n s e r  

w h i c h  c o n d e n s e d  t h e  s t e a m  s o  t h a t  i t  r a n  b a c k  down t h e  p i p e  

a n d  c o l l e c t e d  a t  t h e  b o t t o m ,  whence  i t  c o u l d  be  r u n  o f f  i n t o  

a  w e l l - s e a s o n e d  P y r e x  s t o r a g e  f l a s k ,  f i t t e d  w i t h  a  s o d a  l im e  

g u a r d  t o w e r *  A s i d e  a rm  a l l o w e d  w a t e r  t o  be r u n  d i r e c t  

f r o m  t h e  b o t t o m  o f  t h e  co lu m n  i n t o  t h e  c e l l .  T h i s  was  d o n e  

i n  a l l  m e a s u r e m e n t s  i n  w a t e r  b u t  f o r  m a k in g  u p  m ix e d  s o l v e n t



w a t e r  f r o m  t h e  f l a s k  was  u s e d .

The s t r e a m  o f  a i r  was o b t a i n e d  b y  p u r i f y i n g  l a b o r a t o r y  

c o m p r e s s e d  a i r .  T h i s  was e f f e c t e d  b y  p a s s i n g  t h e  com

p r e s s e d  a i r  t h r o u g h  a  c o t t o n  w o o l  f i l t e r ,  t h r e e  b u b b l e r s  

c o n t a i n i n g  h a l f  s t r e n g t h  s u l p h u r i c  a c i d  t o  rem ove  HHg an d  

u p  t h r e e  t o w e r s  p a c k e d  w i t h  g l a s s  b e a d s  a n d  c o n t a i n i n g  10% 

c a u s t i c  s o d a .  F i n a l l y  i t  p a s s e d  t h r o u g h  a  s p r a y  t r a p ,  a  

c o t t o n  w o o l  f i l t e r  a n d  f i l t e r  p a p e r  h e l d  b e t w e e n  s p i r a l l y  

g r o o v e d  m e t a l  d i s c s .

The s p e c i f i c  c o n d u c t i v i t y  o f  t h e  w a t e r  was  u s u a l l y  

o f  t h e  o r d e r  o f  0 . 2  -  0 . 4  gemmhos.

I n t r o d u c t i o n  a n d  M e a s u r e m e n t  o f  S o l v e n t .

The c e l l  was d r i e d  b y  r i n s i n g  i t  w i t h  a c e t o n e  and  

b l o w i n g  a  c u r r e n t  o f  p u r e  a i r  t h r o u g h  i t  a i d  t h e n  w e i g h e d .

I n  t h e  c a s e  o f  w a t e r ,  i t  was  r u n  d i r e c t l y  f r o m  t h e  

s t i l l  i n t o  t h e  c e l l ,  w h i c h  was  r i n s e d  s e v e r a l  t i m e s  and 

f i n a l l y  f i l l e d .

M ix ed  s o l v e n t  was made u p  b y  b l o w i n g ,  w i t h  p u r e  a i r ,  

a n  a p p r o x i m a t e  a m o u n t  o f  p u r e  s o l v e n t  i n t o  a  c l e a n e d ,  

s t e a m e d ,  d r i e d  a n d  w e i g h e d  P y r e x  f l a s k .  T h i s  w a s  t h e n  

w e i g h e d  a c c u r a t e l y  an d  t h e  c a l c u l a t e d  am o u n t  o f  c o n d u c t i v i t y  

w a t e r  a d d e d ,  i n  t h e  m a i n  d i r e c t  f r o m  t h e  s t o r a g e  f l a s k  b u t  

t h e  l a s t  10  g .  o r  so f r o m  a  d r o p p e r .  The s o l v e n t  com

p o s i t i o n  was a l w a y s  w i t h i n  1 i n  3 0 , 0 0 0  by  w e i g h t .  A s t r e a m



47.

o f  p u r e  a i r  w as  u s e d  t o  b lo w  t h e  s o l v e n t  o v e r  i n t o  t h e  

c e l l ,  w h i c h  was  r i n s e d  s e v e r a l  t i m e s  b e f o r e  b e i n g  f i l l e d .  

A f t e r  b e i n g  r e - w e i g h e d ,  t h e  c e l l  was  p l a c e d  i n  t h e  t h e r m o 

s t a t  a n d  s h a k e n  g e n t l y  a t  i n t e r v a l s  u n t i l  t h e  r e s i s t a n c e  

b ecam e  c o n s t a n t .

P r e p a r a t i o n  o f  S t o c k  S o l u t i o n .

A s a m p l e  o f  t h e  s o l i d  s u b s t a n c e  i n  a  s m a l l  g l a s s  t u b e  

w as  w e i g h e d ,  b y  d i f f e r e n c e ,  i n t o  a  c l e a n ,  s t e a m e d  a n d  

w e i g h e d  P y r e x  f l a s k .  A s u i t a b l e  a m o u n t  o f  w a t e r  was  r u n  

i n ,  o r  m i x e d  s o l v e n t  b l o w n  o v e r ,  a n d  t h e  f l a s k  an d  c o n t e n t s  

r e - w e i g h e d .  S t o c k  s o l u t i o n s  w e re  p r e p a r e d  f r e s h  e a c h  d a y  

m e a s u r e m e n t s  w e r e  b e i n g  m a d e .

M e a s u r e m e n t s .

Prom  a  w e i g h t  b u r e t t e  w i t h  a  l o n g  n a r r o w  s t e m ,  t h e  

s t o c k  s o l u t i o n  was  a d d e d  t o  t h e  s o l v e n t  i n  t h e  c e l l  i n  

p o r t i o n s  n e v e r  l e s s  t h a n  1 g .  The c e l l  was g e n t l y  r o c k e d  

u n t i l  t h e  r e s i s t a n c e  becam e  c o n s t a n t .  T h i s  u s u a l l y  t o o k  

3 0  -  4 0  m i n u t e s .  F i v e  o r  s i x  p o i n t s  w e re  n o r m a l l y  t a k e n  

on o n e  r u n .  F i n a l l y  t h e  c e l l  w as  d r i e d  a n d  w e i g h e d  a n d  i f  

a n y  d e c r e a s e  i n  w e i g h t  h a d  o c c u r r e d  t h e  a v e r a g e  w e i g h t  o f  

t h e  s o l u t i o n  was  u s e d  i n  t h e  c a l c u l a t i o n .  ( D e c r e a s e  was 

r a r e l y  m o re  t h a n  1 i n  3 , 0 0 0 . ) .



C e l l  C o n s t a n t  D e t e r m i n a t i o n s .

A .R .  p o t a s s i u m  c h l o r i d e  was r e c r y s t a l l i s e d  t h r e e  t i m e s  

f r o m  c o n d u c t i v i t y  w a t e r  and  d r i e d  i n  a n  e l e c t r i c  o v e n .  J u s t  

b e f o r e  u s e ,  s a m p l e s  w e r e  h e a t e d  t o  d u l l  r e d n e s s  i n  a  p l a t i n u m  

d i s h  a n d  c o o l e d  i n  a  d e s i c c a t o r .

The c e l l s  w e r e  s t a n d a r d i s e d  b y  c a r r y i n g  o u t  s e v e r a l  

s e r i e s  o f  m e a s u r e m e n t s  w i t h  p o t a s s i u m  c h l o r i d e  s o l u t i o n s ,  

g i v i n g  r e s i s t a n c e s  o v e r  t h e  r a n g e  o f  r e s i s t a n c e s  w h i c h  w o u l d  

b e  m e a s u r e d .  C o n d u c t i v i t i e s  w e r e  c o r r e c t e d ,  w h e re  n e c e s s 

a r y ,  f o r  i n t e r i o n i c  a t t r a c t i o n  e f f e c t s  ( B 1 6 ) .  The c e l l  

c o n s t a n t  w a s  t h e n  f o u n d  by c o m p a r i n g  e a c h  m e a s u r e d  v a l u e  

w i t h  t h e  c o n d u c t i v i t y  v a l u e s  d e r i v e d  b y  S h e d l o v s k y  (B17) 

a t  t h e  same c o n c e n t r a t i o n s ,  c a l c u l a t i n g  th e m  f r o m  t h e  i n t e r 

p o l a t i o n  f o r m u l a  (B18)

w h i c h  a g r e e s  w i t h  t h e  d a t a  o f  S h e d l o v s k y  ( c o r r e c t e d  t o  t h e  

J o n e s  a n d  B r a d s h a w  s t a n d a r d )  t o  a n  a v e r a g e  d e v i a t i o n  o f  

0 * 0 5  c o n d u c t i v i t y  u n i t .  2 0  d e t e r m i n a t i o n s  f o r  t h e  s i l i c a  

c e l l  g a v e  0 . 0 4 0 9 2  *  0 .02;b  a n d  15 d e t e r m i n a t i o n s  f o r  t h e  

P y r e x  c e l l  g a v e  0 . 1 0 0 4 4  *  0 .08 /6 .

D e n s i t i e s ,  V i s c o s i t i e s  a n d  D i e l e c t r i c  C o n s t a n t s .

The d e n s i t i e s  o f  t h e  s t r o n g  s o l u t i o n s  u s e d  i n  t h e  

c a l c u l a t i o n s  w e re  o b t a i n e d  f r o m  a  g r a p h  o f  d e n s i t y ,  a s  

m e a s u r e d  f o r  e a c h  s o l u t i o n  by  m e an s  o f  a  S p r e n g e l  p y k n o -  

m e t e r ,  a g a i n s t  c o n c e n t r a t i o n .

A + 50c



F o r  t h e  w eak  s o l u t i o n s  (c  <  0 .003M ) t h e  d e n s i t y  o f  

t h e  p u r e  s o l v e n t  was u s e d  a s  o b t a i n e d  f r o m  th e  d a t a  o f  

G ed d es  (B19) a n d  o f  H o v o rk a  (B 2 0 ) .

The v i s c o s i t i e s  r e q u i r e d  w e re  o b t a i n e d  f ro m  t h e  w ork  

o f  G ed d es  (B19) a n d  o f  Owen a n d  W a te r s  (B 2 1 ) .

V a l u e s  o f  t h e  d i e l e c t r i c  c o n s t a n t s  f o r  t h e  s o l u t i o n s
c

c o u l d  be  f o u n d  b y  i n t e r p o l a t i n g  t h o s e  g i v e n  by  A k e r l o f  

a n d  S h o r t  ( B 2 2 ) .

P u r i f i c a t i o n  o f  M a t e r i a l s .

May a n d  B a k e r  d i o x a n  w as  r e f l u x e d  w i t h  m e t a l l i c  so d iu m  

f o r  s e v e r a l  d a y s  i n  a n  a l l  g l a s s  a p p a r a t u s  c a r r y i n g  a  CaCl^ 

g u a r d  t u b e .  I t  w as t h e n  d i s t i l l e d  a n d  t h e  p r o c e s s  r e p e a t e d  

u n t i l  t h e  s o d iu m  r e m a i n e d  b r i g h t  a f t e r  s e v e r a l  h o u r s ’ b o i l 

i n g .  I t  was f i n a l l y  d i s t i l l e d  a n d  s t o r e d  i n  a  P y r e x  f l a s k ,  

s t o p p e r e d  a n d  p r o t e c t e d  b y  a  b o t t l e  f i t t i n g  on t o  t h e  n e c k  

o f  t h e  f l a s k  b y  a  r u b b e r  r i n g .

A .R .  b e n z o i c  a c i d  w as  r e c r y s t a l l i s e d  t h r e e  t i m e s  f ro m  

c o n d u c t i v i t y  w a t e r  a n d  f i n a l l y  s u b l i m e d .  I t  was g round and  

l e f t  i n  a  d e s i c c a t o r  o v e r  n i g h t  b e f o r e  u s e .

P o t a s s i u m  b e n z o a t e  was p r e p a r e d  by  d i s s o l v i n g  A .R . 

p o t a s s i u m  c a r b o n a t e  i n  c o n d u c t i v i t y  w a t e r  a n d  g r a d u a l l y  

a d d i n g  t h e  c a l c u l a t e d  q u a n t i t y  o f  A .R . b e n z o i c  a c i d  t o  t h e  

warm s o l u t i o n ,  t h e  p o t a s s i u m  b e n z o a t e  b e i n g  o b t a i n e d  by 

e v a p o r a t i o n  o f  t h e  s o l u t i o n  t o  s m a l l  b u l k  on a  w a t e r  b a t h .



The c r y s t a l s  o b t a i n e d  v^ere d r i e d  a t  11 0 °  CL r e c r y s t a l l i s e d  

t w i c e  f r o m  9566 a l c o h o l  a n d  d r i e d  a g a i n  a t  110°C. ( B 2 2 ) .

To a s c e r t a i n  i f  t h e  c r y s t a l s  w e re  a n h y d r o u s ,  an  e s t i 

m a t i o n  o f  t h e  p o t a s s i u m  c o n t e n t  o f  t h e  s a l t  was c a r r i e d  o u t  

b y  c o n v e r t i n g  i t  t o  KgSO^ a n d  w e i g h i n g  a s  s u c h  (B 2 4 ) .

A b o u t  0 . 1  g .  p o t a s s i u m  b e n z o a t e  w as w e ig h e d  i n t o  a  p l a t i n u m  

c r u c i b l e  a n d  i g n i t e d  i n  a i r  u n t i l  a l l  t h e  o r g a n i c  m a t t e r  

h a d  b e e n  o x i d i s e d  aw ay .  A f t e r  c o o l i n g ,  one  o r  two d r o p s  

p u r e  c o n c e n t r a t e d  HgSO^ w e re  a d d e d ,  t h e  c r u c i b l e  w a s  h e a t e d  

t o  d u l l  r e d n e s s ,  c o o l e d  a n d  w e i g h e d .  A l i t t l e  s o l i d  

ammonium c a r b o n a t e  was s p r i n k l e d  o v e r  t h e  r e s i d u e  a n d  t h e  

c r u c i b l e  i g n i t e d  a g a i n  t o  d eco m p o se  a n y  b i s u l p h a t e  f o r m e d .  

Two e s t i m a t i o n s  g a v e  t h e  p o t a s s i u m  c o n t e n t  a s  24 .29 /6  and. 

2 4 . 3 4 $  c o m p a re d  w i t h  t h e  t h e o r e t i c a l  o f  2 4 .4 4 % . As a 

c h e c k  o n  t h e  m e th o d  o f  a n a l y s i s ,  a  s a m p le  o f  p u r e  p o t a s s i u m  

h y d r o g e n  b e n z o a t e  was t r e a t e d  a s  a b o v e  a n d  t h e  p e r c e n t a g e  

p o t a s s i u m  was f o u n d  t o  be  13 .67%  ( T h e o r e t i c a l  1 3 . 8 6 $ ) .

The p o t a s s i u m  b e n z o a t e  w as a l s o  g ro u n d  a n d  l e f t  o v e r  

n i g h t  i n  a  d e s i c c a t o r  b e f o r e  u s e .

The p u r i f i c a t i o n  o f  t h e  p o t a s s i u m  c h l o r i d e  h a s  b e e n  

d e s c r i b e d  u n d e r  c e l l  c o n s t a n t  d e t e r m i n a t i o n .

h 0 , t h e  C o n d u c t i v i t y  a t  I n f i n i t e  D i l u t i o n .

M e th o d s  f o r  t h e  e x t r a p o l a t i o n  o f  c o n d u c t i v i t y  d a t a  

f o r  w e a k  e l e c t r o l y t e s  h a v e  b e e n  g i v e n  by F u o s s  and . K ra u s



( B 2 5 ) ,  S h e d l o v s k y  (B26) a n d  D a v ie s  (B 2 7 ) .  A p p l i c a t i o n  o f  

t h e s e  m e th o d s  t o  t h e  p r e s e n t  d a t a  i n  a q u e o u s  s o l u t i o n  g a v e  

v a l u e s  f o r  A 0 i n  go o d  a g r e e m e n t  w i t h  one  a n o t h e r  an d  w i t h  

t h a t  o b t a i n e d  f r o m  i n d e p e n d e n t  m o b i l i t y  d a t a  (B 1 7 ,B 2 3 ) .

W i th  m ix e d  s o l v e n t ,  h o w e v e r ,  m a rk e d  c u r v a t u r e  o f  t h e  e x t r a 

p o l a t i o n  p l o t  w as  o b s e r v e d  i n  a l l  c a s e s  and  i t  was n o t  

p o s s i b l e  t o  o b t a i n  an  a c c u r a t e  v a l u e  b y  t h e s e  m e th o d s .

I n  o r d e r  t o  o b t a i n  an  i n d e p e n d e n t  v a l u e  o f  A 0 f ro m  

t h e  m o b i l i t i e s  o f  t h e  h y d r o g e n  a n d  b e n z o a t e  i o n s ,  i t  was 

n e c e s s a r y  t o  c a r r y  o u t  m e a s u r e m e n ts  on KC1 a n d  p o t a s s i u m  

b e n z o a t e  i n  m ix e d  s o l v e n t .  H y d r o l y s i s  o f  p o t a s s i u m  b e n z o 

a t e  s o l u t i o n s  w as  r e p r e s s e d  b y  a d d i n g  t h e  n u m b er  o f  m i l l i 

g ra m s  o f  b e n z o i c  a c i d  c a l c u l a t e d  t o  m a i n t a i n  t h e  pH o f  t h e  

s o l u t i o n  a t  7 .  A t  t h e  end  o f  t h e  r u n ,  t h e  pH was c h e c k e d  

on  a  g l a s s  e l e c t r o d e  s e t  u p  a n d  f o u n d  t o  be  w i t h i n  0 . 5  

u n i t  o f  pH 7 .  A 0 c o u l d  t h e n  be o b t a i n e d  f r o m  th e

r e l a t i o n s h i p

A o HBz  = +  ^ O K B z  ^OKCI

The v a l u e s  f o r  HG1 w e re  o b t a i n e d  f ro m  t h e  d a t a  o f  

Owen a n d  W a te r s  ( B 2 1 ) ,  t h o s e  f o r  p o t a s s i u m  b e n z o a t e  i n  w a t e r  

f r o m  B ro ck m an  a n d  K i l p a t r i c k  (B23) a n d  t h o s e  f o r  KOI i n  

w a t e r  f r o m  S h e d lo v s k y  ( B 1 7 ) .

I n  t h e  p r e s e n t  work on KOI a n d  p o t a s s i u m  b e n z o a t e  i n  

m ix e d  s o l v e n t ,  A  + b  sJ~o (w h e re  b i s  t h e  O n sa g e r  s l o p e  

( 1 0 8 ) )  w as p l o t t e d  a g a i n s t  yJ~o a n d  e x t r a p o l a t e d  b a c k  t o



z e r o  c .  T a b le  B3 g i v e s  A  a t  ro u n d  c o n c e n t r a t i o n s  f o r  

p o t a s s i u m  b e n z o a t e  an d  T a b l e  B4 f o r  KC1.

The A 0 v a l u e s  f o r  HC1, KC1 a n d  p o t a s s i u m  b e n z o a t e

i n  T a b le  B 2 .

D i s s o c i a t i o n  C o n s t a n t .

The th e r m o d y n a m ic  d i s s o c i a t i o n  c o n s t a n t  f o r  a  w eak a c i d  

i s  g i v e n  b y

w h e re  ^  i s  t h e  d e g r e e  o f  d i s s o c i a t i o n ,  c t h e  m o l a r  c o n c e n 

t r a t i o n ,  f +  t h e  m ean  a c t i v i t y  c o e f f i c i e n t  a n d  f  t h e  

a c t i v i t y  c o e f f i c i e n t  f o r  u n d i s s o c i a t e d  m o l e c u l e s .  No 

a t t e m p t  h a s  b e e n  m ade h e r e  to  d i s t i n g u i s h  b e tw e e n  t h e  c o n 

t r i b u t i o n s  t o  t h e  a c t i v i t y  m ade by  t h e  p o s i t i v e  a n d  n e g a t i v e  

i o n s  r e s p e c t i v e l y .  I n  t h e  em f an d  pH w o rk  i t  was n e c e s s a r y  

t o  make t h i s  d i s t i n c t i o n  i n  a c c o r d a n c e  w i t h  t h e  d e f i n i t i o n  

o f  pH a s  h y d r o g e n  i o n  a c t i v i t y ,  h e n c e  i n  t h e s e  s e c t i o n s  f 0 , 

f o r  u n d i s s o c i a t e d  m o l e c u l e s ,  a n d  f ^ ,  f g  f o r  u n i v a l e n t  an d  

b i v a l e n t  i o n s  r e s p e c t i v e l y ,  w ere  u s e d .

may b e  o b t a i n e d  f r o m  t h e  O n s a g e r  e q u a t i o n ,  t h e  

g e n e r a l  f o r m  o f  w h i c h  i s

a n d  t h e  d e r i v e d  A „  v a l u e s  f o r  b e n z o i c  a c i d  a r e  s u m m a r is e d

K = °<1 C • f ± • • (1)

6
2 .8 0 0 7  x  10 ZjZ>2 ^



53.

Z n Z g  ( A °  +  A *  ) 
w h e re  q = —i —8----------------------- --

( z 1  +  Z2 ) ( z 1 A 2 + z 2 A? )

z i  a n d  Zg a r e  t h e  v a l e n c i e s  o f  t h e  two i o n s  w h i l e  AT and  A ‘ 

a r e  t h e i r  l i m i t i n g  i o n i c  c o n d u c t i v i t i e s .  F o r  a  1 : 1  

e l e c t r o l y t e  a t  25°C., e m p lo y in g  t h e  m o s t  r e c e n t  v a l u e s  o f  

t h e  c o n s t a n t s ,  d u e  t o  B i r g e  ( B 2 8 ) ,  t h e  e q u a t i o n  b ecom es

A x  -  A o -
1 5 9 .3 3  ^  . 4 .7 6 9 6

D3/ 2 D® ' I
r J C

A x w as o b t a i n e d  b y  s u c c e s s i v e  a p p r o x i m a t i o n s  a n d  was 

t a k e n  a s  - r̂-
/JX

A t h i g h  d i l u t i o n s  ( - <  0 .0 0 3 N )  f u , t h e  a c t i v i t y

c o e f f i c i e n t  o f  a  n e u t r a l  m o l e c u l e ,  may b e  t a k e n  a s  u n i t y

a n d  v a l u e s  f o r  f + c a n  b e  d e r i v e d  f r o m  t h e  l i m i t i n g  D eb y e-

H u c k e l  e q u a t i o n  (1 0 7 )

_ 1 .8 2 4 5  x  l O ^ z ^ ^ / l T
-  l o g  f

(DT)3/ 2

w h ic h  f o r  a  1 : 1  e l e c t r o l y t e  a t  25°G\ becom es

3 5 4 .3 8  V o T
-  1 0 8  f  '  - ? 7 T ~

I n  T a b l e s  B 5 -B 9 , pK , t h e  n e g a t i v e  l o g a r i t h m  o f  t h e  

d i s s o c i a t i o n  c o n s t a n t ,  i s  g i v e n .  pH* i s  t h e  v a l u e  g i v e n
f a 2

b y  e q u a t i o n  ( l )  w i t h o u t  a l l o w i n g  f o r  —  a n d  pKc t h e
u

v a l u e  c o r r e c t e d  f o r  a c t i v i t y .  The m ean  o f  t h e  pKQ v a l u e s  

i s  g i v e n  a s  pK.

I n  t h e  c a s e  o f  t h e  s t r o n g e r  s o l u t i o n s  (c >  0 .0 0 3 )  a



f u r t h e r  r e f i n e m e n t  was r e q u i r e d .  A t s u c h  c o n c e n t r a t i o n s ,

t h e r e  i s  a n  a p p a r e n t  d e c r e a s e  i n  d i s s o c i a t i o n  c o n s t a n t  a n d

t h i s  h a s  b e e n  a t t r i b u t e d  t o  t h e  “medium  e f f e c t ' 1 o f  t h e

n e u t r a l  m o l e c u l e s ,  i . e . ,  i t  i s  n o t  c o r r e c t  t o  t a k e  f  a s
u.

u n i t y .  S a x t o n  and  c o - w o r k e r s  (B 6 ,B 30) a ssu m e d  t h i s  t o  be  

a  l i n e a r  f u n c t i o n  o f  c u  a n d  u s e d  t h e  e q u a t i o n

l o g  kA -  1 . 0 1 3 J o ± = l o g  Ka  -  / 3  cu

f o r  s o l u t i o n s  i n  w a t e r -  1 .0 1 3  i s  2A o r  t w i c e  t h e  D eb y e-  

H u c k e l  l i m i t i n g  s l o p e .  F o r  t h i s  w ork  t h e  e q u a t i o n  i s  

t h e r e f o r e

pKc +  2A J c ± = pK +  / 5  cu  

The l e f t  s i d e  o f  t h e  e q u a t i o n  w as  p l o t t e d  a g a i n s t  c a n d  

e x t r a p o l a t e d  t o  z e r o  cu . T h i s  v a l u e  was t a k e n  a s  t h e  

t r u e  pK .

The r e s u l t s  b y  t h e  tw o m e th o d s  a r e  s u m m a r is e d  i n  

T a b le  B l l .  A g re e m e n t  i s  g o o d ,  t h e  a v e r a g e  d e v i a t i o n  b e i n g  

o f  t h e  o r d e r  o f  0 . 0 0 3  pK u n i t .

I n  f i g u r e  B7, f o r  KC1, p o t a s s i u m  b e n z o a t e  an d

b e n z o i c  a c i d  h a s  b e e n  p l o t t e d  a g a i n s t  p e r c e n t a g e  d i o x a n .  

W a ld e n  h a s  s u g g e s t e d  t h a t  Ao*l s h o u l d  be  c o n s t a n t  f o r  l a r g e  

o r g a n i c  i o n s  i n  d i f f e r e n t  s o l v e n t s  b u t  w i t h  s im p le  i o n s  

t h i s  h a s  b e e n  f o u n d  n o t  t o  b e  t r u e  a n d  t h e  d i s c r e p a n c y  i s  

u s u a l l y  s a i d  t o  b e  d u e  t o  t h e  d i f f e r e n c e s  i n  th e  e x t e n t  o f  

s o l v a t i o n  o f  t h e  i o n s  i n  v a r i o u s  s o l v e n t s .  The g r a p h s  h e r e
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a l l  show  an i n i t i a l  r i s e ,  f o l l o w e d  b y  a s t e a d y  f a l l  a s  t h e  

p e r c e n t a g e  d i o x a n  i n c r e a s e s .  C o n n e l l ,  B u t l e r  a n d  H a m i l to n  

(B 2 9 ) o b t a i n e d  a  g r a p h  o f  s i m i l a r  s h a p e  f o r  KI i n  e t h a n o l -  

w a t e r  m i x t u r e s .  V a r i o u s  e x p l a n a t i o n s  h a v e  b e e n  g i v e n .  

B u t l e r  s u g g e s t s  t h e  i n i t i a l  r i s e  i s  d u e  t o  a )  f r i c t i o n a l  

r e s i s t a n c e  b e t w e e n  a n  i o n  e n t i r e l y  s o l v a t e d  b y  w a t e r  a n d  th e  

m ix e d  s o l v e n t  b e i n g  l e s s  t h a n  t h a t  c o r r e s p o n d i n g  to  t h e  b u l k  

v i s c o s i t y  o f  t h e  l a t t e r ,  a n d  b )  t h e  v i s c o s i t y  o f  t h e  s o l v e n t  

j u s t  o u t s i d e  t h e  s o l v a t i o n  s p h e r e  b e i n g  l e s s  t h a n  t h a t  a t  a  

d i s t a n c e  f r o m  t h e  i o n ,  b e c a u s e  o f  t h e  s a l t i n g  o u t  o f  t h e  

o r g a i  i c  s o l v e n t .  R e c e n t  s p e c t r o p h o t o m e t r i c  w ork  on 

c a t i o n i c  a c i d  b e h a v i o u r  i n  m ix e d  s o l v e n t s  b y  B ra u d e  a n d  

S t e r n  (1 1 6 )  h a s  shown t h a t  t h e  p r o t o n  a f f i n i t y  o f  w a t e r  i s  

i n c r e a s e d  b y  a d d i t i o n  o f  d i o x a n ,  e t h a n o l  o r  a c e t o n e ,  t h i s  

e f f e c t  b e i n g  a s c r i b e d  to  t h e  l a t t i c e - b r e a k i n g  a c t i o n  o f  t h e  

o r g a n i c  s o l v e n t  on t h e  w a t e r  s t r u c t u r e ,  l e a d i n g  t o  an  i n -  

c r e a s e  i n  th e  s t a b i l i t y  o f  t h e  h y d ro x o n iu m  i o n  H^O . I t  

i s  p r o b a b l e  t h a t  t h e  c a t i o n  a f f i n i t y  o f  w a t e r  i s  s i m i l a r l y  

i n c r e a s e d  a n d  t h a t  s u c h  an  i n c r e a s e  i n  h y d r a t i o n  e n e r g y  i s  

r e s p o n s i b l e  f o r  t h e  o b s e r v e d  i n i t i a l  i n c r e a s e  i n  A c  

As t h e  p r o p o r t i o n  o f  o r g a n i c  s o l v e n t  i s  i n c r e a s e d ,  t h e  

a q u e o u s  s o l v a t i o n  s h e l l  i s  g r a d u a l l y  d i s p e r s e d  a n d  A o^T 

d e c r e a s e s .



I n  f i g u r e  B7 v a l u e s  f o r  f o r  b e n z o i c  a c i d  i n  d i o x a n -  

w a t e r  m i x t u r e s  h a v e  b e e n  p l o t t e d  a g a i n s t  p e r c e n t a g e  d i o x a n .  

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  v a l u e s  o f  / 3  a n d  o f  A0vl  

f o r  b e n z o i c  a c i d  b o t h  show m axim a a t  a b o u t  th e  same s o l v e n t  

c o m p o s i t i o n .  The maximum i n  p r e s u m a b ly  i n d i c a t e s  t h a t  

t h e  m ed iu m  e f f e c t  o f  b e n z o i c  a c i d  o n  i t s  i o n s  i s  g r e a t e s t  

a t  t h i s  p o i n t  b u t  t h e  e x a c t  t h e o r e t i c a l  s i g n i f i c a n c e  o f  

t h i s  q u a n t i t y  i s  s t i l l  u n c e r t a i n .
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Part 2.

E .M .F .  M eth o d .

T h i s  m e th o d  a l s o  g i v e s  a c c u r a t e  v a l u e s  o f  pK. 

T h e o r e t i c a l l y  t h e  c e l l  u s e d  c a n  h e  r e p r e s e n t e d  by

A g -A g C l/H B z .K B z .K C l/Q H -P t-Q H /H G l(a 2 = 1 .0 ) /A g C l - A g  

( • S t r i c t l y  s p e a k i n g  t h e  q u in h y d r o n e  i s  i n  s o l u t i o n  and so 

s h o u l d  be  r e p r e s e n t e d  w i t h  t h e  o t h e r  c o n s t i t u e n t s  o f  t h e  

s o l u t i o n  b u t  a s  t h e  q u in h y d r o n e  i s  a n  i n t e g r a l  p a r t  o f  t h e  

e l e c t r o d e  r a t h e r  t h a n  o f  t h e  s o l u t i o n  u n d e r  o b s e r v a t i o n  i t  

h a s  b e e n  w r i t t e n  a s  p a r t  o f  t h e  e l e c t r o d e . )

T h i s  i s  e s s e n t i a l l y  a  c o n c e n t r a t i o n  c e l l  w i t h  HC1 s u c h  t h a t  

t h e  h y d r o g e n  c h l o r i d e  a c t i v i t y  on t h e  r i g h t  s i d e  i s  1 ,  a n d  

t h a t  on  t h e  l e f t  s i d e  i s  g i v e n  b y

C o n s i d e r i n g  e a c h  s i d e  o f  th e  c e l l  s e p a r a t e l y ,  on t h e  

l e f t  s i d e ,

i s  g o v e r n e d  b y  t h e  d i s s o c i a t i o n  o f  t h e  b e n z o i c . a c i d

w h i l e  a  d e p e n d s  on t h e  c o n c e n t r a t i o n  o f  KC1

( i )

S i m i l a r l y ,  o n  t h e  r i g h t  s i d e ,

B u t  w hen  a  , aw hen  a ff fa c i _ = 1 ,  k  l o g  a H+a c l -  = 0

E o

a n d  h e n c e  E Q c a n  b e  e v a l u a t e d .



The th e rm o d y n a m ic  d i s s o c i a t i o n  c o n s t a n t  c a n  be  

w r i t t e n  a s

K = mE4'^H4mB z - y  Bz~ 
mHBz y HBz

S u b s t i t u t i n g  f o r  mH+ i n  (1 )  an d  r e - a r r a n g i n g

pK = ~  KP + l o g  “ C.l .- mp z  + l o g  rC l-yH B z
11 mBz- y Bz-

I n  p r a c t i c e ,  E Q w as f o u n d  by  m e a s u r i n g  t h e  em f. o f  

t h e  r i g h t  s i d e  o f  t h e  c e l l  w i t h  s e v e r a l  c o n c e n t r a t i o n s  o f  

HC1 a n d  e x t r a p o l a t i n g  t o w a r d s  z e r o  HC1, w h e re  a c t i v i t y  

c o e f f i c i e n t s  a p p r o a c h  u n i t y .  A l lo w a n c e  h a d  t o  be  made 

f o r  t h e  a c t i v i t y  o f  t h e  i o n s  a t  t h e  m e a s u r e d  c o n c e n t r a 

t i o n s  .

E f o r  th e  l e f t  s i d e  was t h e n  o b t a i n e d  by m e a s u r i n g  

t h e  e m f .  o f  t h e  h a l f  c e l l  c o n t a i n i n g  a  s o l u t i o n  o f  b e n z o ic  

a c i d ,  i t s  p o t a s s i u m  s a l t  an d  KC1 o f  known c o n c e n t r a t i o n s .

The c u s t o m a r y  p r o c e d u r e  i s  t o  b e g i n  w i t h  a  s o l u t i o n  

o f  t h e  a c i d  a n d  p o t a s s i u m  c h l o r i d e  and  t o  fo rm  t h e  

p o t a s s i u m  s a l t  o f  t h e  a c i d  b y  p a r t i a l  t i t r a t i o n  w i t h  

p o t a s s i u m  h y d r o x i d e .  R e c e n t l y  Speakm an a n d  S m i th  (C20) 

h a v e  rec o m m en d e d  t h e  u s e  o f  t h e  c r y s t a l l i n e  a c i d  s a l t s  o f  

o r g a n i c  a c i d s  a s  pH s t a n d a r d s .  T h e s e  s a l t s  c a n  a l s o  be 

u s e d  v e r y  c o n v e n i e n t l y  t o  g i v e  s o l u t i o n s  o f  t h e  a c i d  e x a c t l y  

h a l f  n e u t r a l i s e d  b y  a  s t r o n g  b a s e .  W ith  s u c h  s o l u t i o n s  

mT_^ i s  a l m o s t  e x a c t l y  e q u a l  t o  m a n d  t h e  c a l c u l a t i o n  i s



c o n s i d e r a b l y  s i m p l i f i e d .  S e v e r a l  d i f f e r e n t  c o n c e n t r a t i o n s  

o f  p o t a s s i u m  h y d r o g e n  b e n z o a t e  w e re  u s e d  a n d  t h e  pKs c a l c u l 

a t e d .

The w ho le  p r o c e s s  was r e p e a t e d  f o r  e a c h  d i f f e r e n t  

s o l v e n t  m i x t u r e .

The c e l l  u s e d  w as  o f  th e  c u s to m a r y  H - ty p e  and  c an  be  

r e p r e s e n t e d  a s

A g - A g C l / s o l u t i o n / q u i n h y d r o n e - P t  

C o n t a c t  b e t w e e n  t h e  l i m b s  c o u l d  be  e s t a b l i s h e d  t h r o u g h  a  

w i d e - b o r e d  t a p ,  w h ic h  n o r m a l l y  w as k e p t  c l o s e d  t o  m in im i s e  

d i f f u s i o n  o f  t h e  q u in h y d r o n e  to  t h e  A g-A gC l e l e c t r o d e s .

OD

T he  l i q u i d  i n  E was i n  a l l  c a s e s  t h e  s o l v e n t  b e i n g  u s e d  a t  

t h e  t i m e .  N i t r o g e n  w as  b u b b l e d  t h r o u g h  t h e  t e s t  s o l u t i o n  

f o r  a b o u t  10 m i n u t e s  a n d  a l s o  b lo w n  t h r o u g h  t h e  c e l l  s e v e r a l  

t i m e s .  The s o l u t i o n  was b lo w n  o v e r  i n t o  th e  c e l l ,  w i th  

t a p  C o p e n ,  u n t i l  a l l  t h e  e l e c t r o d e s  w ere  im m ersed . Taps 

B a n d  C w e re  c l o s e d  a n d  D o p e n e d  i n t e r m i t t e n t l y  t o  s t i r  t h e



c o n t e n t s  o f  t h e  q u in h y d r o n e  l im b  o f  t h e  c e l l  a n d  h a s t e n  

e q u i l i b r i u m .  A f t e r  a b o u t  20 m i n u t e s ,  r e a d i n g s  w e re  t a k e n  

on a  C am b rid g e  S l i d e  A i r e  P o t e n t i o m e t e r  c o n n e c t e d  t o  a  

lam p  a n d  s c a l e  g a l v a n o m e t e r .  The c i r c u i t  w as  s t a n d a r d i s e d  

u s i n g  a  s u b s t a n d a r d  W es to n  c e l l  c h e c k e d  a g a i n s t  s e v e r a l  

s t a n d a r d  c e l l s  r e c e n t l y  c a l i b r a t e d  a t  th e  N a t i o n a l  P h y s i c a l  

L a b o r a t o r i e s .  E a c h  A g-A gC l e l e c t r o d e  c o u l d  be c o m p ared  

i n d e p e n d e n t l y  w i t h  e a c h  P t  e l e c t r o d e  i n  t u r n ,  g i v i n g  f o u r  

r e a d i n g s  i n  a l l .

The  c e l l  was im m e rse d  i n  a  w a t e r - f i l l e d  t h e r m o s t a t ,  

s t i r r e d  b y  a n  e l e c t r i c a l l y  d r i v e n  p a d d l e  s y s t e m .  The 

t e m p e r a t u r e  w as k e p t  c o n s t a n t  a t  25°C. -0 .0 1 ° C .  b y  m eans  o f  

a  100  w a t t  la m p  o p e r a t e d  t h r o u g h  a  S u n -V ic  r e l a y .  The 

t h e r m o m e t e r  w as  c h e c k e d  a g a i n s t  one r e c e n t l y  c a l i b r a t e d  a t  

t h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r i e s .

The p l a t i n u m  e l e c t r o d e s  w e re  b r i g h t  p l a t i n u m  f o i l ,  

c o n t a c t  w i t h  t h e  m e r c u r y  i n  t h e  c o n n e c t i o n s  b e i n g  made 

t h r o u g h  s e a l e d  i n  P t  w i r e .  The e l e c t r o d e s  w e re  c l e a n e d  by  

b e i n g  h e a t e d  i n  c h r o m ic  a c i d  f o r  a  few m i n u t e s ,  w ash ed  w i t h  

d i s t i l l e d  Y /a te r ,  h e a t e d  t o  r e d n e s s  i n  a n  a l c o h o l  f l a m e  an d  

s t o r e d  f o r  a t  l e a s t  two d a y s  i n  d i s t i l l e d  w a te r  ( C l ) .

The A g-A gC l e l e c t r o d e s  w ere  made by  t h e  m e th o d  o f  

Brow n ( C 2 ) .  The p l a t i n g  s o l u t i o n  c o n t a i n e d  10 g .  p e r  

l i t r e  d i s t i l l e d  w a t e r  o f  p o t a s s i u m  s i l v e r  c y a n id e  made o . y  

a d d i n g  e x c e s s  s i l v e r  c y a n i d e  t o  a  h o t ,  f i l t e r e d  26/o s o l u t i o n



o f  p o t a s s i u m  c y a n i d e ,  s t i r r i n g  f o r  h a l f  a n  h o u r ,  f i l t e r i n g ,  

c o o l i n g  a n d  r e c r y s t a l l i s i n g  th e  p r o d u c t  f r o m  d i s t i l l e d  

w a t e r *  J u s t  b e f o r e  u s e  s u f f i c i e n t  d i l u t e  s i l v e r  n i t r a t e  

s o l u t i o n  t o  p r o d u c e  a  f a i n t  c l o u d  was a d d e d ,  t h e  s o l i d  

a l l o w e d  t o  s e t t l e  a n d  t h e  s u p e r n a t a n t  l i q u i d  d e c a n t e d  o f f .  

T h i s  e n s u r e d  t h a t  n o  f r e e  c y a n i d e  was p r e s e n t  i n  t h e  

s o l u t i o n .  A b o u t 1 . 5  cm. P t  w i r e  w as s e a l e d  t h r o u g h  g l a s s  

a n d  c l e a n e d  by  b o i l i n g  i n  c o n c e n t r a t e d  n i t r i c  a c i d  and  

l e a v i n g  o v e r n i g h t  i n  d i s t i l l e d  w a t e r .  S i x  e l e c t r o d e s  w e re  

p l a t e d  a t  a  t i m e  b y  p a s s i n g  a  t o t a l  c u r r e n t  o f  2 m i l l i a m p s  

f o r  a b o u t  4 h o u r s  t h r o u g h  t h e  p l a t i n g  s o l u t i o n  u s i n g  t h e  

s i x  e l e c t r o d e s  a s  c a t h o d e  an d  a  P t  e l e c t r o d e  a s  a n o d e .  

D i f f u s i o n  o f  c y a n i d e  i o n s  t o  t h e  c a t h o d e  w as m in im i s e d  by 

u s i n g  a  v e s s e l  a s  shown

A f t e r  b e i n g  w a s h e d  o v e r n i g h t  i n  d i s t i l l e d  w a t e r ,  t h e  

e l e c t r o d e s  w e re  c h l o r i d i z e d  b y  b e i n g  made t h e  a n o d e  i n  

0 . 1  N HC1 f o r  h a l f  a n  h o u r  w i t h  a  c u r r e n t  o f  2 m i l l i a m p s  

p a s s i n g .  A f t e r  a g a i n  b e i n g  l e f t  o v e r n i g h t  i n  d i s t i l l e d  

w a t e r  t h e  e l e c t r o d e s  w e re  r e a d y  f o r  u s e .

The g o l d  e l e c t r o d e  u s e d  was a  t h i c k  p i e c e  o f  g o ld  

w i r e , ro u n d e d ,  a t  t h e  e n d .  I t  was b o i l e d  f o r  a  m in u te  o r



tw o  i n  c o n c e n t r a t e d  n i t r i c  a c i d ,  w a sh e d  an d  h e a t e d  t o  d u l l  

r e d n e s s  i n  a n  a l c o h o l  f l a m e  e a c h  t im e  b e f o r e  u s e .

Q u in h y d ro n e  o f  A .R . q u a l i t y  w as r e c r y s t a l l i s e d  f r o m  

c o n d u c t i v i t y  w a t e r  i n  a n  a tm o s p h e r e  o f  n i t r o g e n .  'The 

a p p a r a t u s  w a s  a s  show n.

W i t h  a  s t r e a m  o f  n i t r o g e n  p a s s i n g  t h r o u g h  i t ,  c o n d u c t i v i t y  

w a t e r  w as b o i l e d  i n  a  P y r e x  f l a s k  A f o r  10 m i n u t e s  a n d  

c o o l e d  t o  b e lo w  7 5 ° C . ( C 3 ) .  The q u i n h y d r o n e  was a d d e d  t o  

A a n d  t h e  w h o le  a p p a r a t u s  s w e p t  t h r o u g h  w i t h  n i t r o g e n  

w h i c h ,  t i l l  now , e n t e r e d  a t  C. The c l i p  was c l o s e d  and  

t h e  n i t r o g e n  s u p p l y  c o n n e c t e d  t o  X). A s u c t i o n  pump was 

a p p l i e d  a t  C a n d  t h e  f lo w  o f  n i t r o g e n  r e g u l a t e d  t o  k e e p  the 

s o l u t i o n  b l o w i n g  o v e r  a t  t h e  r a t e  a t  Y ii ic h  i t  w as  s u c k e d  

t h r o u g h  t h e  s i n t e r e d  g l a s s  f i l t e r .  The c l i p  0 was t h e n  

c l o s e d  a n d  t h e  q u i n h y d r o n e  a l l o w e d  t o  c r y s t a l l i s e  o u t  i n  

a n  a t m o s p h e r e  o f  n i t r o g e n .  The c r y s t a l s  w ere  w ashed  tw ic e  

b y  d e c a n t a t i o n  w i t h  c o n d u c t i v i t y  w a t e r  an d  f i n a l l y  d r i e d  

f o r  s e v e r a l  d a y s  o v e r  p h o s p h o r u s  p e n t  o x i d e  i n  a  d e s i c c a t o r  

f i l l e d  w i t h  n i t r o g e n .



S t a n d a r d  h y d r o c h l o r i c  a c i d  was p r e p a r e d  f r o m  c o n s t a n t  

b o i l i n g  a c i d  d i s t i l l e d  i n  an  a l l  g l a s s  a p p a r a t u s .  The 

d e n s i t i e s  g i v e n  b y  P o u l k  an d  H o l l i n g w o r t h  (04 )  w e re  u s e d .  

A l l  m e a s u r e m e n t s  w e re  done  by  w e i g h t .  As a  c h e c k  t h e  

a c i d  w as t i t r a t e d  a g a i n s t  a n h y d r o u s  so d iu m  c a r b o n a t e  u s i n g  

s c r e e n e d  m e t h y l  r e d  a s  i n d i c a t o r  a n d  th e  f a c t o r  so o b t a i n e d  

c o n v e r t e d  t o  a  w e i g h t  b a s i s  f o r  c o m p a r i s o n  (C 5 ) .  A l l  

v o lu m e s  w e re  c o r r e c t e d  t o  i n  v a c u o  a n d  t h e  r e s u l t s  a g r e e d  

t o  w i t h i n  0.3% *

P o t a s s i u m  h y d r o g e n  b e n z o a t e  w as p r e p a r e d  b y  m ix in g  

t h e  t h e o r e t i c a l  q u a n t i t i e s  o f  A .R . b e n z o i c  a c i d  an d  

p o t a s s i u m  h y d r o x i d e  p e l l e t s  d i s s o l v e d  i n  h o t  a l c o h o l  an d  

a l l o w i n g  t h e  s o l u t i o n  t o  c o o l .  The p r o d u c t  w as t h e n  r e 

c r y s t a l l i s e d  f r o m  a l c o h o l  (C 6> C 7). A p o t a s s i u m  e s t i m a t i o n  

w as c a r r i e d  o u t  a s  a l r e a d y  d e s c r i b e d .  F o u n d ,  1 3 .7 9 $  and  

1 3 . 8 5 $ .  T h e o r e t i c a l ,  1 3 .8 6 % .

The KC1 w as t h e  same a s  w as u s e d  p r e v i o u s l y .

The c y l i n d e r  n i t r o g e n  was p u r i f i e d  by b u b b l i n g  u p  a 

c o lu m n  c o n t a i n i n g  g l a s s  b e a d s  a n d  a l k a l i n e  so d iu m  h y d r o -  

s u l p h i t e ,  w i t h  s o d iu m  a n t h r a q u i n o n e  / 3 - s u l p h o n i c  a c i d  as  

a  c a t a l y s t  (G 8 ) ,  t o  rem ove  o x y g e n  an d  a  co lu m n  c o n t a i n i n g  

t h e  s o l v e n t  b e i n g  u s e d  i n  t h e  c e l l .  L a t e r  i t  was n o t i c e d  

t h a t  a  b l a c k e n i n g  was p r o d u c e d  i f  l e a d  a c e t a t e  was ad d ed  to  

t h e  s o l v e n t  c o lu m n  s o ,  a s  p r e v i o u s  w o r k e r s  h a d  fo u n d  t h e  

t r a c e s  o f  o x y g e n  t o  h a v e  no  a d v e r s e  e f f e c t  ( 1 1 1 ) ,  t h e



n i t r o g e n  w as p a s s e d ,  o n l y  th ro u g h ,  t h e  s o l v e n t  c o lu m n .

E v a l u a t i o n  o f  E ° ,  t h e  s t a n d a r d  e l e c t r o d e  p o t e n t i a l .

S o l u t i o n s  o f  HC1 i n  w a te r  and i n  d i o x a n - w a t e r  m i x t u r e s  

w e re  u s e d  in  t h e  c e l l  d e s c r i b e d  a n d  t h e  emf f o u n d  a t  

s e v e r a l  c o n c e n t r a t i o n s  o f  HC1 i n  e a c h  s o l v e n t .

The em f i s  g i v e n  b y

E °  = E when m ean a c t i v i t y  o r  p r o d u c t  m y  i s  u n i t y .  

y± = m ean  a c t i v i t y  c o e f f i c i e n t  o f  t h e  i o n s .

S in c e  i t  i s  e x t r e m e l y  d i f f i c u l t  t o  g e t  a c c u r a t e  m e a s u re m e n ts  

a t  I ovj e n o u g h  c o n c e n t r a t i o n s  f o r  y ± t o  b e  t a k e n  a s  1 ,  

H i t c h c o c k  (0 9 )  h a s  m o d i f i e d  th e  e q u a t i o n  m ak in g  u s e  o f  t h e  

D e b y e - H u c k e l  t h e o r y  t o  a l l o w  m e a s u r e m e n ts  to  be made a t  

h i g h e r  c o n c e n t r a t i o n s  a n d  e x t r a p o l a t e d  b a c k  to  z e r o  c o n 

c e n t r a t i o n .  The e q u a t i o n  i s

w h e re  A i s  t h e  D e b y e - H u c k e l - l i m i t i n g  s l o p e  

a n d  r  i s  th e  i o n a l  c o n c e n t r a t i o n

a n d  B» i s  t h e  a d d i t i o n a l  c o n s t a n t  f r o m  t h e  D e b y e -H u c k e l  

e q u a t i o n .

Or E -  2 k  l o g  m+ + 2kA. J v  = E °  +  2kB 'm

w h e re  v  = no* o f  i o n s  p r o d u c e d  b y  one m o l e c u l e .
t

a n d  m i s  t h e  m o l a l i t y

t/R T
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2.3R T  
w h e re  K = ~

h e n c e  i f  t h e  l e f t  h a n d  s i d e  i s  p l o t t e d  a g a i n s t  m, E °  c a n  

b e  f o u n d  b y  e x t r a p o l a t i o n .

The g r a p h ,  h o w e v e r ,  show s c u r v a t u r e  when th e  v a l u e  o f  

m i s  s m a l l  a n d  t h i s  i s  p r o b a b l y  d u e  t o  t h e  i n a d e q u a c y  o f  

u s i n g  l o g  y  = - A ’ n + B*m f o r  t h e  D e b y e -H u c k e l

e q u a t i o n .  Brown a n d  M c ln n e s  (CIO) s u b s t i t u t e d  t h e  m ore 

a c c u r a t e  fo rm  o f  t h e  D e b y e -H u c k e l  e q u a t i o n  l o g y  = -  — A

a n d  o b t a i n e d  t h e  e x p r e s s i o n

E + 2 k  l o g  m -  2 k  A , A/ m  = E °  - ^ ’ a^^/m " £e  -  E °  + 2 k  l o g  mj »4A)  

T he p l o t  o f  t h e  l e f t  h a n d  s i d e  o f  t h e  e q u a t i o n  a g a i n s t

-  E °  + 2 k  l o g  mj g i v e s  a  s t r a i g h t  l i n e  o v e r  t h e  lo w e r

c o n c e n t r a t i o n  r e g i o n ,  c u t t i n g  t h e  a x i s  a t  E °  a n d  h a v i n g  a 

s l o p e  o f  - / 3 ’ a ^ .  /3 1 i s  t h e  a p p r o p r i a t e  D e b y e -H u c k e l

c o n s t a n t  a n d  a-j_ i s  t h e  d i s t a n c e  o f  c l o s e s t  a p p r o a c h  o f  t h e  

i o n s .  The B ro w n -M cln n es  p l o t  l e a d s  t o  a  s l i g h t l y  h i g h e r

v a l u e  o f  E °  t h a n  t h e  H i t c h c o c k  p l o t  b u t  s h o u l d  b e  more

a c c u r a t e  ( O i l ) .

E v a l u a t i o n  o f  pK.

T he em f o f  s o l u t i o n s  c o n t a i n i n g  p o t a s s i u m  h y d ro g e n  

b e n z o a t e  a n d  KC1 i n  w a t e r  o r  i n  m ix e d  s o l v e n t  was m e a s u re d  

a t  s e v e r a l  c o n c e n t r a t i o n s  o f  p o t a s s i u m  h y d ro g e n  b e n z o a t e  

a n d  KC1. pK c o u l d  t h e n  b e  c a l c u l a t e d  f ro m  t h e  e q u a t i o n  

(G12).
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I n  ~%:i~ y^Bz.
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A l lo w a n c e  f o r  t h e  i o n i s a t i o n  o f  b e n z o i c  a c i d ,  w h ic h  a f f e c t

i v e  a p p r o x i m a t i o n s ,  e a c h  t i m e  m a k in g  u s e  o f  t h e  pK f r o m  

t h e  p r e v i o u s  c a l c u l a t i o n .  U s u a l l y  one a p p r o x i m a t i o n  was 

f o u n d  t o  be s u f f i c i e n t .

t h e n  pK ! a p p r o a c h e d  pK a s  t h e  i o n i c  s t r e n g t h  a p p r o a c h e d  

z e r o  s i n c e  t h e  a c t i v i t y  c o e f f i c i e n t  a p p r o a c h e d  1 a s  t h e  

i o n i c  s t r e n g t h  d e c r e a s e d .  As t h e  p r o d u c t s  %+%,- anc  ̂

t e n d e d  t o  c a n c e l  e a c h  o t h e r  a n d  t h e  a c t i v i t y  c o 

e f f i c i e n t  f o r  a  n o n - e l e c t r o l y t e  su ch  a s  y hbz. , h a d  b e e n  

f o u n d  t o  b e  r o u g h l y  a  l i n e a r  f u n c t i o n  o f  th e  i o n i c  

s t r e n g t h  ( C 1 3 ) ,  pK c o u l d  be fo u n d  by e x t r a p o l a t i o n  o f  a  

p l o t  o f  pK 1 a g a i n s t  i o n i c  s t r e n g t h .  I n  w a t e r  how ever  t h e  

e x p e r  i m e n t a l  e r r o r  w as l a r g e r  t h a n  t h e  c o r r e c t i o n  a n d  pK 

w as t h e r e f o r e  t a k e n  a s  t h e  a v e r a g e  o f  t h e  pKf v a l u e s .

I n  a q u e o u s  s o l u t i o n  s t e a d y  r e a d i n g s  w ere  o b t a i n e d  

a f t e r  20  -  30  m i n u t e s  a n d  no c h a n g e  w as n o t i c e d  i n  p e r i o d s  

o f  m ore t h a n  a n  h o u r*  The e x t r a p o l a t i o n  g av e  a n  E °  v a l u e  

f o r  t h e  c e l l  w h ic h  a g r e e d  t o  0*0001  v* w i t h  t h a t  o b t a i n e d  

b y  H a r n e d  a n d  W r ig h t  ( 0 3 ) .

c a n  be m ade b y  u s i n g  a  m e th o d  o f  s u c c e s s

I f  pK



W ith  2 0 ;:.- d i o x a n  a  d r i f t  was n o t i c e d ,  th e  emf r e a d i n g  

d e c r e a s i n g  w i t n  t i m e . A t t e m p t s  w ere  t h e n  made t o  im p ro v e  

t h e  c o n s t a n c y  o f  t h e  r e a d i n g s .  One o f  t h e  p l a t i n u m  

e l e c t r o d e s  was r e p l a c e d  by  a  g o l d  e l e c t r o d e  a n d  t h e  r e a d 

i n g s  on t h e  tw o  e l e c t r o d e s  c o m p a r e d .  I m m e d ia t e ly  on 

im m e r s io n  t h e  d i s p a r i t y  was s e v e r a l  m i l l i v o l t s  b u t  t h i s  

r a p i d l y  d i m i n i s h e d ,  t h e  r e a d i n g  w i t h  t h e  p l a t i n u m  e l e c t r o d e  

f a l l i n g  a n d  t h a t  w i t h  t h e  g o l d  e l e c t r o d e  r i s i n g .  I n  l j  -  

2 h o u r s  t h e  r e a d i n g s  a g r e e d  an d  t h e r e a f t e r  t h e  r e a d i n g s  

f e l l  w i t h  t im e  a t  a b o u t  t h e  same r a t e ,  t h e  p l a t i n u m  som e

t i m e s  f a l l i n g  v e r y  s l i g h t l y  f a s t e r  t h a n  t h e  g o l d .  A f t e r  

s e v e r a l  h o u r s  t h e  g o l d  e l e c t r o d e  becam e l e s s  s e n s i t i v e  an d  

h a d  t o  b e  r e - c l e a n e d .  R em oval o f  e i t h e r  t h e  p l a t i n u m  

a n d  g o l d  e l e c t r o d e s  o r  t h e  Ag-AgCl e l e c t r o d e s  f o r  c l e a n i n g  

o r  r e p l a c i n g  d i d  n o t  seem  t o  i n t e r f e r e  w i t h  t h e  r e s u l t s .  

R e p la c e m e n t  o f  an y  e l e c t r o d e  by  a  c o m p l e t e l y  new one made 

no  d i f f e r e n c e  t o  t h e  r e a d i n g s  a f t e r  a b o u t  10 m i n u t e s  h a d  

b e e n  a l l o w e d  f o r  t h e  e l e c t r o d e  t o  s e t t l e  down. E a rn e d  

a n d  M o r r i s o n  (C14) s t a t e  t h a t  t h e  v a l u e s  i n  20.., d i o x a n  

w e re  n o t  a s  c o n s t a n t  a s  i n  o t h e r  d i o x a n - w a t e r  m i x t u r e s  

a n d  t o o k  t h e  p r e c a u t i o n  o f  h a v i n g  n o  r u b b e r  i n  t h e i r  

a p p a r a t u s *  W oo ten  a n d  Hammett ( 1 1 1 ) ,  h o w e v e r ,  u s e d  r u b b e r  

s t o p p e r s  w i t h  n o  i l l  e f f e c t s  a n d  s o ,  th o u g h  r u b b e r  s t o p p e r s  

w e re  e m p lo y e d  in  t h i s  a p p a r a t u s ,  c a r e  was t a k e n  t h a t  t h e y  

n e v e r  came i n  c o n t a c t  w i t h  a n y  o f  th e  s o l u t i o n s .  Wooten
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a n d  H am m ett  recom m ended  t h a t  n i t r o g e n  be p a s s e d  o v e r  t h e  

s o l u t i o n  i n s t e a d  o f  t h r o u g h  i t  a n d  so th e  s t i r r i n g  o f  t h e  

q u i n h y d r o n e  l i m b  -with n i t r o g e n  was d i s c o n t i n u e d  a n d  a  

m e c h a n i c a l  p a d d l e  u s e d  i n s t e a d .  T h i s  was fo u n d  t o  im p ro v e  

t h e  c o n s t a n c y  o f  th e  r e a d i n g s  a n d  i t  was t h e n  t h a t  t h e  

p u r i f i c a t i o n  o f  t h e  n i t r o g e n  t o  f r e e  i t  f ro m  o x y g en  was 

s t o p p e d ,  a s  i t  seem ed  t h a t  o t h e r  c o n t a m i n a t i o n  o f  t h e  g a s  

was o c c u r r i n g .

The d r i f t  was s t i l l  q u i t e  d e f i n i t e  t h o u g h  l e s s  t h a n  

b e f o r e  a n d  so  e x t r a p o l a t i o n  t o  z e r o  t im e  o f  a n  e m f - t im e  

g r a p h  w as  t r i e d .  U s u a l l y  t h e  v a l u e  o b t a i n e d  by  e x t r a 

p o l a t i o n  was a b o u t  0 . 5  m i l l i v o l t  h i g h e r  t h a n  t h a t  o b t a i n e d  

b y  a v e r a g i n g  t h e  r e a d i n g s  t a k e n  o v e r  a  p e r i o d  o f  i j -  -  2 

h o u r s ,  h a l f  a n  h o u r  h a v i n g  b e e n  a l l o w e d  f o r  th e  s y s te m  t o  

come t o  e q u i l i b r i u m .

4 0 h  d i o x a n  w as  now u s e d  a n d  i t  w as fo u n d  t h a t  a  s o l u t i o n  

w h ic h  h a d  s t o o d  f o r  s e v e r a l  d a y s  b e f o r e  b e i n g  u s e d  d r i f t e d  

m uch  m o re  r a p i d l y  t h a n  one w h ic h  was f r e s h l y  made u p .

D io x a n  i s  know n t o  b e  d e c o m p o se d  by a t m o s p h e r i c  o x y g en  and 

b y  c o n c e n t r a t e d  HC1 (0 1 5 )  so  p r o b a b l y  e v e n  a t  t h e  low c o n 

c e n t r a t i o n s  o f  a c i d  i n v o l v e d  h e r e  t h e  co m b in ed  a c t i o n  h ad  

a  p e r c e p t i b l e  e f f e c t .

D r i f t  t e n d i n g  t o  lo w e r  t h e  m e a s u r e d  p o t e n t i a l  h a s  

a l s o  b e e n  a t t r i b u t e d -  t o  d e c o m p o s i t i o n  o f  q u in h y d r o n e  i n
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b u f f e r  s o l u t i o n .  I n  a c e t a t e  b u f f e r  i t  o c c u r s  a f t e r  20 

h o u r s  i n  t h e  d a r k  b u t  i s  a c c e l e r a t e d  by  d a y l i g h t  ( C l ) .

I n  a q u e o u s  s o l u t i o n  a  s l i g h t  d a r k e n i n g  o f  t h e  s o l u 

t i o n  c o n t a i n i n g  t h e  q u in h y d r o n e  w as n o t i c e a b l e  a f t e r  s e v e r 

a l  h o u r s  b u t ,  a s  t h e  em f h a d  r e a c h e d  a  c o n s t a n t  v a l u e  w e l l  

b e f o r e  t h a t  t i m e ,  i t  was n o t  s e r i o u s .  H ow ever, a s  t h e  

p e r c e n t a g e  d i o x a n  i n  t h e  s o l v e n t  was i n c r e a s e d ,  t h e  d a r k e n 

i n g  b ecam e  b o t h  d e e p e r  and more r a p i d  u n t i l  i n  t h e  w o r s t  

i n s t a n c e ,  KlIBzg i n  50% d i o x a n ,  i t  b e g a n  t o  a p p e a r  a l m o s t  

a t  o n c e  a n d  a f t e r  a b o u t  h a l f  a n  h o u r  t h e  s o l u t i o n  was d a r k  

b r o w n .  The s l i g h t  d r i f t  w h ic h  was n o t i c e d  i n  20% d i o x a n  

b e ca m e  g r e a t e r  u n t i l  w i t h  KHBzr> i n  50>l d i o x a n  i t  w as o f  

t h e  o r d e r  o f  10  mv. p e r  h o u r .  I n  a n  a t t e m p t  t o  m in im is e  

t h e  e r r o r ,  t h e  c e l l  a n d  i t s  c o n t e n t s  w e re  a l lo w e d  t o  come 

t o  e q u i l i b r i u m  i n  t h e  t h e r m o s t a t  b e f o r e  t h e  q u in h y d r o n e  

w as a d d e d .  R e a d in g s  w e r e  commenced im m e d i a t e l y  and  t a k e n  

e v e r y  few  m i n u t e s .  D u r in g  t h e  f i r s t  10 m i n u t e s  o r  s o ,  

t h e  v a l u e  o f  B show ed  a  g r a d u a l  i n c r e a s e  b u t  a f t e r  t h a t  t h e  

u s u a l  dow nw ard  d r i f t  was a p p a r e n t .  E x t r a p o l a t i o n  t o  z e r o  

t i m e  g a v e  a  v a l u e  o f  E a b o u t  1 . 0  -  1 . 5  mv. h i g h e r  th a n  t h e  

maximum m e a s u r e d  v a l u e  , and  t h e  d i s c r e p a n c y  b e tw e e n  tw o 

p l a t i n u m  e l e c t r o d e s ,  w h ic h  a g r e e d  i n  a q u e o u s  s o l u t i o n ,  

v a r i e d  f r o m  a  few  t e n t h s  o f  a  mv* t o  a b o u t  2 mv. I t



would t h u s  a p p e a r  t h a t  a  Q u in h y d ro n e  e l e c t r o d e  is  not s u i t 

a b l e  f o r  use i n  d i o x a n - w a t e r  m i x t u r e s .

A c h l o r a n i l  e l e c t r o d e  was t r i e d  but sh o w ed  only 

s l i g h t l y  l e s s  v a r i a t i o n  i n  50 • d i o x a n .

The r e s u l t s  o b t a i n e d  w i t h  t h e  q i in tg d r o n e  e l e c t r o d e  

a r e  g iv e n  i n  t a b l e s  01 -  05 o f  t h e  a p p e n d i x .  T heir r e 

l i a b i l i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  p r o p o r t i o n  of dioxan i n  

t h e  s o l v e n t .

Xt w as  t h e n  d e c i d e d  t h a t  a" hydrogen e l e c t r o d e  should  

b e  u s e d  a n d  t h e  a p p a r a t u s  was m o d i f i e d  a c c o r d i n g l y .  A ll 

r u b b e r  t u b i n g  w as r e p l a c e d  b y  g l a s s  o r  p o ly v in y lc h lo r id e  

t u b i n g .  A l l  j o i n t s  w e re  g r o u n d  g la ss  cone  and socket 

t y p e  and P y r e x  g l a s s  was u s e d  throughout the  new p a r t o f  

t h e  a p p a r a t u s ,  which i s  shown in  the diagram.

Only the Ag-AgCl e le c tro d e s  were sea led  in to  soda g lass  

tubes supported  by a rubber s to p p e r as p rev io u sly . ■to’ 

C om ing S ilic o n e  grease was used, to  lu b r ic a te  th e  ta p s .



The m a k in g  o f  t h e  Ag-A gCl e l e c t r o d e s  h a s  a l r e a d y  

b e e n  d e s c r i b e d  ( 0 2 ) .

The p l a t i n u m  e l e c t r o d e s  w e re  p l a t i n u m  f o i l  w e ld e d  on 

t o  p l a t i n u m  w i r e  w h ic h  was p i n c h  s e a l e d  t h r o u g h  P y r e x  

g l a s s  t u b e s .  The e l e c t r o d e s  w e re  c l e a n e d  i n  c h ro m ic  a c i d ,  

w a s h e d  w i t h  d i s t i l l e d  w a t e r  a n d  h e a t e d  t o  d u l l  r e d n e s s  i n  

an  a l c o h o l  f l a m e  b e f o r e  b e i n g  p l a t e d  b y  e l e c t r o l y s i s  o f  a  

2/o p l a t i n i c  c h l o r i d e  s o l u t i o n  i n  2N h y d r o c h l o r i c  a c i d  f o r  

10 -  2 0  m i n u t e s  a t  a  c u r r e n t  d e n s i t y  o f  10 -  20  ina/cm^

( 0 1 1 ) .  A f t e r  b e i n g  w a s h e d  f o r  48 h o u r s ,  t h e  e l e c t r o d e s  

w e re  s t o r e d  i n  d i s t i l l e d  w a t e r  t i l l  r e q u i r e d  an d  when n o t  

i n  u s e .  I n  d i o x a n - w a t e r  m i x t u r e s ,  f r e s h l y  p l a t e d  e l e c t r o d e s  

w e re  f o u n d  t o  come t o  e q u i l i b r i u m  m ore q u i c k l y  t h a n  o n e s  

w h i c h  h a d  p r e v i o u s l y  b e e n  u s e d  i n  d i o x a n - w a t e r  an d  w i t h  

c o n s t a n t  u s e  t h e  s e t t l i n g  t im e  becam e p r o g r e s s i v e l y  l o n g e r  

t h o u g h  t h e  f i n a l  v a l u e  r e a c h e d ,  a g r e e d  w e l l  ¥ / i th  t h a t  

r e a c h e d  i n  m uch l e s s  t im e  w i t h  a  f r e s h l y - p l a t e d  e l e c t r o d e .  

P r o l o n g e d  w a s h in g  w i t h  d i s t i l l e d  w a t e r  r e s t o r e d  t h e i r  

o r i g i n a l  s p e e d  o f  s e t t l i n g  b u t  i n  p r a c t i c e  i t  was more c o n 

v e n i e n t  t o  c l e a n  and r e p l a t e  t h e  e l e c t r o d e s .

C y l i n d e r  n i t r o g e n  w as p a s s e d  t h r o u g h  o n ly  a  colum n 

o f  t h e  p u r e  s o l v e n t  b e f o r e  b e i n g  u s e d  b u t  c y l i n d e r  h y d r o 

g e n  w as p a s s e d  o v e r  p l a t i n i s e d  a s b e s t o s  ( C l6) h e a t e d  t o  

5 0 0 °c .  i n  a  P y r e x  t u b e  b e f o r e  b e i n g  l e d  i n t o  t h e  p r e s a t u r a t o r



w h ic h  w as f i t t e d  w i th  a s i n t e r e d  g l a s s  d i s c  t o  k e e p  th e  

b u b b l e  s i z e  s m a l l  and  so im p ro v e  t h e  c o n t a c t  b e tw e e n  t h e  

g a s  a n d  th e  s o l u t i o n .  T he , p r e s a t u r a t o r  a n d  i t s  c o n 

n e c t i o n s  t o  t h e  c e l l  w e re  im m ersed  In  t h e  t h e r m o s t a t .  The 

c o n n e c t i o n s  w e re  s u c h  t h a t  t h e  h y d r o g e n  c o u l d  be  p a s s e d  

o v e r  t h e  s o l u t i o n  w h i l e  r e a d i n g s  w e re  b e i n g  t a k e n  b u t  

n o r m a l l y  b u b b l e d  t h r o u g h  t h e  s o l u t i o n .

The m a t e r i a l s  w ere  t h e  same a s  t h o s e  u s e d  p r e v i o u s l y .  

The HC1 s o l u t i o n  w as r e s t a n d a r d i s e d  on  a  w e i g h t  b a s i s  by 

t h e  m e th o d  o f  d i f f e r e n t i a l  t i t r a t i o n  a s  recom m ended by  

I v e s  ( C l l ) .  S t a n d a r d  s i l v e r  n i t r a t e  w as made u p  b y  

w e i g h t  a p p r o x i m a t e l y  0 .1M , a n d  t h e  f a c t o r  c h e c k e d  by  

d i f f e r e n t i a l  t i t r a t i o n  a g a i n s t  p u r i f i e d  KC1. The a p p a r a t u s  

i s  show n  i n  s k e t c h

The g l a s s  p a d d l e  was m e c h a n i c a l l y  d r i v e n  and d u r i n g  t i t r a 

t i o n  t h e  w h o le  a p p a r a t u s  was e n v e lo p e d  by a  b l a c k  c l o t h  t o  

p r e v e n t  p h o t o - d e c o m p o s i t i o n  o f  t h e  p r e c i p i t a t e d  A gC l.

B o th  e l e c t r o d e s  w e re  A g-AgCl e l e c t r o d e s  made a s  a l r e a d y



d e s c r i b e d .  The HC1 s o l u t i o n  was w e ig h e d  i n t o  t h e  f l a s k  an d  

a n  a p p r o p r i a t e  am oun t o f  d i s t i l l e d  w a te r  a d d e d .  The b u l k  

o f  t h e  AgNOg s o l u t i o n  was a d d e d  f r o m  a  w e ig h t  b u r e t t e  a n d ,  

a f t e r  a d e q u a t e  s t i r r i n g ,  t h e  e n d  p o i n t  w as a p p r o a c h e d  by  

a d d i n g ,  f r o m  a m i c r o b u r e t t e ,  s m a l l  e q u a l  p o r t i o n s  o f  a  

AgN03 s o l u t i o n  m ade b y  d i l u t i n g  a  known w e ig h t  o f  t h e  s t a n d 

a r d  AgITO_ s o l u t i o n  t o  a  d e f i n i t e  v o lu m e  so  t h a t  1 m l .  o f  o
t h e  d i l u t e d  s o l u t i o n  c o n t a i n e d  a p p r o x i m a t e l y  0 . 1  g .  o f  t h e  

s t a n d a r d  A g N O g  s o l u t i o n .  The e l e c t r o d e  c o m p a r tm e n t  was

e m p t i e d  a n d  r e f i l l e d  s e v e r a l  t i m e s  a f t e r  e a c h  a d d i t i o n  o f
d ^1

A g N O g  t o  b r i n g  t h e  r e a d i n g  t o  z e r o .  ~  f o r  e a c h  p o i n t  

w as t h e n  p l o t t e d  a g a i n s t  vo lum e a d d e d  tip  t o  t h a t  p o i n t  a n d  

a  g r a p h  o f  t h e  u s u a l  t y p e  sh o w in g  a  maximum a t  th e  e n d  p o i n t  

w as o b t a i n e d .  The f a c t o r  c a l c u l a t e d  d i f f e r e d  b y  l e s s  t h a n  

0 .1% f r o m  th e  o r i g i n a l  f a c t o r  u s e d  f o r  t h e  a c i d .

A l l  s o l u t i o n s  w e re  made u p  b y  w e i g h t  j u s t  b e f o r e  u s e .  

N i t r o g e n  w as b u b b l e d  t h r o u g h  t h e  two h a l v e s  o f  t h e  c e l l  b e 

f o r e  t h e  c e l l  a n d  t h e  p r e s a t u r a t o r  i n  t h e  h y d ro g e n  t r a i n  

w e re  f i l l e d  b y  b lo w in g  t h e  t e s t  s o l u t i o n  o v e r  w i t h  n i t r o g e n .  

The c e n t r e  t a p  was k e p t  c l o s e d  e x c e p t  w h i l e  r e a d i n g s  w ere  

a c t u a l l y  b e i n g  t a k e n  and  d u r i n g  t h a t  t i m e  t h e  n i t r o g e n  b y 

p a s s e d  t h e  c e l l  and  t h e  h y d r o g e n  p a s s e d  o v e r  i n s t e a d  o f  

t h r o u g h  t h e  s o l u t i o n *  I n  t h i s  w ay , m i x in g  o f  t h e  s o l u t i o n s  

i n  t h e  two h a l v e s  o f  t h e  c e l l  was k e p t  t o  a  minimum.



A l l  r e a d i n g s  w e re  c o r r e c t e d  t o  a  p r e s s u r e  o f  1 a tm o s 

p h e r e  o f  h y d r o g e n ,  a l l o w a n c e  b e i n g  made f o r  t h e  d e p t h  o f

d e l i v e r y  o f  t h e  h y d r o g e n  b u b b l e s  ( O i l ) .

E °  a n d  w ere  c a l c u l a t e d  i n  t h e  same way a s  f o r  t h e

q u i n h y d r o n e  e l e c t r o d e  s y s t e m .  The v a l u e s  o f  a ^  w e re  u s e d  

t o  o b t a i n  t h e " e x t e n d e d  t e r m s "  o f  th e  D e b y e -H u c k e l  e q u a t i o n  

a s  g i v e n  b y  G r o n w a l l ,  La Mer a n d  S a n d v ed  i n  t h e i r  t a b l e s  

f o r  s y m m e t r i c a l  v a l e n c y  t y p e s  o f  e l e c t r o l y t e s  (C 1 7 ) .  The 

l e f t  h a n d  s i d e  o f  e q u a t i o n  A becam e 

E + 2 k  l o g  m -  2kA ’/</m + 2 k  [(-J-Xg (Ka) -  2Y3 (Ka)} +

( |X 5 (Ka) -  4Y5 { K a ) ) ]  , 

t h e  v a l u e s  f o r  t h e  l a s t  t e r m  b e i n g  r e a d  f r o m  t h e  t a b l e s .

The c o r r e c t i o n  was n e g l i g i b l e  i n  a q u e o u s  s o l u t i o n  b u t  i n 

c r e a s e d  w i t h  i n c r e a s i n g  p e r c e n t a g e  o f  d i o x a n  t o  a b o u t  

0 .0 0 0 4  v .  i n  50% d i o x a n .

M e a s u re m e n ts  o f  em f w e re  made o n  s o l u t i o n s  o f  s e v e r a l  

c o n c e n t r a t i o n s  o f  p o t a s s i u m  h y d r o g e n  b e n z o a t e  and  p o t a s s i u m  

c h l o r i d e ,  p r e s e n t  i n  a p p r o x i m a t e l y  e q u i m o l a r  am o u n ts  i n  

w a t e r  a n d  d i o x a n - w a t e r  m i x t u r e s  a n d  pK* c a l c u l a t e d  a s  b e f o r e . 

I n  50% d i o x a n  t h e  p l o t  o f  pK ! a g a i n s t  i o n i c  s t r e n g t h  gave  a 

r e a s o n a b l y  a c c u r a t e  l i n e  f o r  e x t r a p o l a t i o n .  I n  40% d io x a n  

t h e r e  a p p e a r e d  some s c a t t e r  among th e  w e a k e r  p o i n t s  a n d  i n  

30% d i o x a n  t h e  s c a t t e r  w as t o o  g r e a t  t o  p e r m i t  a n  e x t r a 

p o l a t i o n  w i t h  a n y  d e g r e e  o f  a c c u r a c y .



P r e v i o u s  w o r k e r s  f o u n d  d i f f i c u l t y  i n  u s i n g  o r g a n i c  

a c i d s  w i t h  a  h y d r o g e n  e l e c t r o d e  e m p lo y in g  a  p l a t i n u m  s u r 

f a c e  ( C I S ) ,  h u t  d i s c o v e r e d  t h a t  p l a t i n u m  p l a t e d  w i t h  

p a l l a d i u m  g a v e  m ore  s a t i s f a c t o r y  r e s u l t s .  T h i s  h a s  b een  

a t t r i b u t e d  t o  t h e  lo w e r  c a t a l y t i c  a c t i v i t y  o f  t h e  p a l l a d i u m  

( 0 1 9 ) .  I n  a q u e o u s  HC1, i t  h a s  b e en  shown ( C I S ) ,  t h a t  t h e  

p l a t i n u m  a n d  p a l l a d i u m  p l a t e d  e l e c t r o d e s  g i v e  i d e n t i c a l  emf 

r e a d i n g s  s o  t h e r e  s h o u l d  b e  n o  d i f f e r e n c e  i n  E °  f o r  t h e  c e l l .

The p l a t i n u m  f o i l  e l e c t r o d e s  w e r e  h e a t e d  t o  r e d - h e a t  

i n  a n  a l c o h o l  f l a m e  a n d  t h e n  made t h e  c a t h o d e  i n  t h e  

e l e c t r o l y s i s  o f  a  s o l u t i o n  o f  6 g .  P dC lg  i n  100 c c .  S/ l 0  HC1 

f o r  30  s e c o n d s  w i t h  a  c u r r e n t  o f  a b o u t  200 m i l l i a m p s  p a s s i n g .  

A f t e r  h a v i n g  b e e n  w a sh e d  f o r  48  h o u r s  i n  d i s t i l l e d  w a t e r ,  t h e  

e l e c t r o d e s  w e re  s t o r e d  i n  d i s t i l l e d  w a t e r  a s  b e f o r e .

T h e s e  p a l l a d i u m - p l a t e d  e l e c t r o d e s  t o o k  much l o n g e r  t o  

come to  e q u i l i b r i u m ,  a b o u t  3 h o u r s  i n  w a te r  and  l o n g e r  a s  

t h e  p e r c e n t a g e  d i o x a n  i n  t h e  s o l v e n t  i n c r e a s e d ,  b u t  t h e

s c a t t e r  o f  t h e  p o i n t s  on t h e  g r a p h  was v e r y  m uch r e d u c e d

a n d  e x t r a p o l a t i o n  was p o s s i b l e .

The r e s u l t s  a r e  g i v e n  i n  T a b le s  C6 -  CIO.



76.

P a r t  3 

pH M e th o d .

T h o u g h  l e s s  a c c u r a t e  t h a n  t h e  two p r e c e d i n g  m e th o d s ,  

o w in g  t o  t h e  p r e s e n c e  o f  a  l i q u i d  3u n c t i o n  a n d  a  g l a s s  

e l e c t r o d e ,  t h i s  m e th o d  i s  u s e f u l  b e c a u s e  o f  t h e  a v a i l a b i l i t y  

o f  t h e  a p p a r a t u s  r e q u i r e d  an d  t h e  c o m p a r a t i v e  e a s e  o f  c a l 

c u l a t i o n .

pH w as  o r i g i n a l l y  d e f i n e d  b y  S o r e n s e n  a s  th e  n e g a t i v e  

l o g a r i t h m  o f  t h e  h y d r o g e n  i o n  c o n c e n t r a t i o n  b u t ,  i n  m odern  

t h e o r y ,  c o n c e n t r a t i o n  h a s  b e e n  r e p l a c e d  by  t h e  m ore e x a c t  

a c t i v i t y  a n d  pH i s  g e n e r a l l y  t a k e n  a s  -  l o g  a g g o 4” ■̂ile 

a c t i v i t y  o f  a  s i n g l e  i o n  c a n n o t  be  d e t e r m i n e d  e x a c t l y  an d  so  

i t  i s  n o t  p o s s i b l e  t o  o b t a i n  a n  a b s o l u t e  pH s c a l e .  F o r  

p r a c t i c a l  p u r p o s e s  a  pH s c a l e  h a s  b e e n  s t a n d a r d i s e d  by  

m e a s u r i n g  t h e  pH o f  b u f f e r  s o l u t i o n s  o f  a c i d s  w hose d i s s o c i 

a t i o n  c o n s t a n t s  h a v e  b e e n  e x a c t l y  d e t e r m i n e d .  H i t c h c o c k  

a n d  T a y l o r  ( A l l )  a n d  B a t e s  (D2) recommend s e v e r a l  s u c h  b u f f e r  

s o l u t i o n s  w h ic h  g i v e  r e p r o d u c i b l e  r e s u l t s  a n d  c a n  be  u s e d  to  

s t a n d a r d i s e  t h i s  c o n v e n t i o n a l  pH s c a l e .

The u s e  o f  m ix e d  o r  n o n - a q u e o u s  s o l u t i o n s  p r e s e n t s  a 

d i f f i c u l t y  a s  t h e  H^O*1* a c t i v i t y  w i l l  v a r y  w i t h  t h e  s o l v e n t .  

I d e a l l y  t h e  pH s c a l e  s h o u l d  be  s t a n d a r d i s e d  f o r  e a c h  s o l v e n t  

a s  i t  h a s  b e e n  f o r  w a t e r  b u t  t h i s  w o u ld  r e q u i r e  a s  a  p r e 

l i m i n a r y  t h e  e x a c t  m e a s u re m e n t  o f  t h e  d i s s o c i a t i o n  c o n s t a n t



o f  s e v e r a l  s u i t a b l e  a c i d s  i n  e a c h  s o l v e n t  and  t h e  work i n 

v o l v e d  w o u ld  b e  c o n s i d e r a b l e .  Some w o r k e r s  ( 1 6 , HI) h a v e  

m ade u p  t h e  b u f f e r  s o l u t i o n s  i n  t h e  s o l v e n t  b e i n g  used, and 

a s s u m e d  t h a t  t h e  pH o b t a i n e d  i s  t h e  same a s  t h a t  o f  t h e  

b u f f e r  i n  w a t e r .  T h e i r  s c a l e  i s  th u s  b a s e d  on t h e  pH o f  a  

s o l u t i o n  w hose  pH i s  n o t  known an d  t h e r e  i s  no b a s i s  f o r  com

p a r i s o n  o f  pH i n  d i f f e r e n t  s o l v e n t s .  The o t h e r  e x p e d i e n t ,

t h e  one w h i c h  h a s  b e e n  u s e d  i n  t h e  p r e s e n t  w o r k ,  i s  t o

s t a n d a r d i s e  t h e  s c a l e  w i t h  t h e  a q u e o u s  b u f f e r s  an d  t o  r e f e r  

a l l  t h e  m e a s u r e d  pHs to  t h a t  s c a l e .  The v a l u e s  o b t a i n e d  

w i l l  d e v i a t e  m ore  a n d  m ore  f ro m  th e  t r u e  pH a s  t h e  d i f f e r e n c e  

b e t w e e n  t h e  a c t i v i t y  o f  th e  hyd .ro g en  i o n  i n  t h e  s o l v e n t  a n d  

i n  w a t e r  i n c r e a s e s  b u t  t h e y  a r e  a l l  r e f e r r e d  t o  a  known pH 

a n d  c a n  be  c o m p a r e d .  T h i s  m e th o d  h a s  b e en  u s e d  e s p e c i a l l y

when i t  w as d e s i r e d  t o  e x t r a p o l a t e  t h e  r e s u l t s  t o  z e r o  c o n 

c e n t r a t i o n  o f  o r g a n i c  s o l v e n t  ( 7 3 ) .

A l i q u i d - l i q u i d  j u n c t i o n  i s  a lw a y s  a  s o u r c e  o f  u n 

c e r t a i n t y  s i n c e  t h e  p o t e n t i a l  d e v e lo p e d  a t  i t  c a n n o t  be  

c a l c u l a t e d  a c c u r a t e l y .  The a l t e r n a t i v e  u s u a l l y  a d o p t e d  i n  

p r a c t i c e  i s  t o  e l i m i n a t e  i t  o r  make i t  c o n s t a n t  a s  f a r  a s  

p o s s i b l e .  The c e l l ' u s e d  i n  t h e  p r e s e n t  w o rk  was d e s i g n e d  

t o  g i v e  a  r e p r o d u c i b l e  j u n c t i o n  a n d  i s  e s s e n t i a l l y  a s  shown 

i n  t h e  d i a g r a m .
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The g l a s s  e l e c t r o d e s  w e re  made o f  C o rn in g  015 g l a s s  an d  h a d  

a  r e s i s t a n c e  o f  l e s s  t h a n  2 0  Megohms. The b u l b  was f i l l e d  

w i t h  ~lV 5 HC1 and  t h e  i n t e r n a l  e l e c t r o d e  w as a  Ag-AgCl 

e l e c t r o d e  a s  u s e d  i n  t h e  em f w o rk .  A s a t u r a t e d  c a lo m e l  

e l e c t r o d e  w as u s e d  a s  th e  r e f e r e n c e  h a l f  c e l l .  The c e l l  

was im m e rs e d  i n  an  o i l  t h e r m o s t a t  k e p t  a t  25°C. ? 0 .5 ° C .

The g l a s s  e l e c t r o d e  c o m p a r tm e n t  w as r i n s e d  s e v e r a l  t i m e s  

w i t h  s o l u t i o n  a t  25°CV f i l l e d  w i t h  s o l u t i o n  an d  l e f t  f o r  

h a l f  a n  h o u r .  T h i s  p o r t i o n  o f  s o l u t i o n  was t h e n  d r a i n e d  

o f f  a n d  t h e  c o m p a r tm e n t  a g a i n  f i l l e d .  A was r i n s e d  s e v e r a l  

t i m e s  w i t h  s a t u r a t e d  a q u e o u s  KC1 s o l u t i o n  f ro m  t h e  r e s e r v o i r ,  

w i t h o u t  a l l o w i n g  t h e  KC1 s o l u t i o n  t o  t o u c h  t h e  t i p  o f  t h e  

c a p i l l a r y  t u b e  E .  The KC1 s o l u t i o n  w as t h e n  a l l o w e d  t o  r i s e  

i n  A u n t i l  i t  j u s t  f a i l e d  t o  t o u c h  t h e  t i p  o f  E and  th e



j u n c t i o n  w as  f i n a l l y  m ade b y  o p e n in g  t a p  C t o  a l lo w  t h e  

t e s t  s o l u t i o n  t o  f l o w  s l o w l y  down t h e  c a p i l l a r y  t u b e  and  

g e n t l y  make c o n t a c t  w i t h  th e  KC1 s o l u t i o n  i n  A. R e a d in g s  

w e re  t a k e n  d u r i n g  20 -  30  m i n u t e s  on a T i n s l e y  Type 3378 B 

P o t e n t i o m e t e r  u s i n g  a  t r i o d e  v a l v e  c i r c u i t  w i t h  a  Pye 

S c a la m p  g a l v a n o m e t e r  a s  n u l l - p o i n t  I n d i c a t o r .  When t h e  

r e a d i n g  w as  c o n s t a n t  t h e  e l e c t r o d e  c o m p a r tm e n t  a n d  A w ere  

e m p t i e d  b y  o p e n in g  t a p  B, t h e  e l e c t r o d e  c o m p a r tm e n t  f i l l e d  

Vidth a  f r e s h  s a m p le  o f  t h e  t e s t  s o l u t i o n  and  a n o t h e r  l i q u i d  

j u n c t i o n  m ade a s  b e f o r e .  I n  a q u e o u s  s o l u t i o n  a  s t e a d y ,  

r e p r o d u c i b l e  r e a d i n g  was o b t a i n e d  a l m o s t  a t  once b u t  a s  th e  

p e r c e n t a g e  d i o x a n  was i n c r e a s e d  t h e  g l a s s  e l e c t r o d e  to o k  

l o n g e r  t o  s e t t l e ,  t h o u g h  e v e n  i n  50% d i o x a n  h a l f  an  h o u r  was 

f o u n d  t o  b e  s u f f i c i e n t .

The pH s c a l e  was s t a n d a r d i s e d  u s i n g  a q u e o u s  0 .0 1  M 

B o r a x ,  0 . 0 5  M KH p h t h a l a t e  an d  0 .0 2 5  M p h o s p h a t e  b u f f e r s  

( 1)2 ) a n d  n o t  m ore  t h a n  t h r e e  s o l u t i o n s  i n  m ix ed  s o l v e n t  

w e re  m e a s u r e d  c o n s e c u t i v e l y  w i t h o u t  t h e  r e a d i n g  o f  a  s t a n d a r d  

b u f f e r  b e i n g  r e  c h e c k e d .  The c h e m i c a l s  were a l l  a s  d e s c r i b e d  

i n  t h e  p r e v i o u s  s e c t i o n s .  S o l u t i o n s  w ere  made u p ,  by  

w e i g h t  j u s t  b e f o r e  u s e ,  b y  d i s s o l v i n g  a  s u i t a b l e  w e ig h t  o f  

p o t a s s i u m  h y d r o g e n  b e n z o a t e  i n  th e  a p p r o p r i a t e  s o l v e n t .

The th e rm o d y n a m ic  d i s s o c i a t i o n  c o n s t a n t ,  E , o f  an  a c i d  

i s  g i v e n  b y
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K -  / A j
{HA}

t h e r e f o r e  l o g  K = l o g  ( h+) + l o g  - | ~ j

a n d ,  s u b s t i t u t i n g  a s  p r e v i o u s l y ,

rA-i fA*
pK = pH -  l o g  j r - i j  -  l o g  —

[ ha]  fHA

I t  i s  i n t e r e s t i n g  t o  c o n s i d e r  c r i t i c a l l y  t h e  d i f f e r e n t  

w ays  o f  o b t a i n i n g  pK f r o m  t h e  m e a s u r e d  pH.
[A"]

I n  t h e  u s u a l  t i t r a t i o n  o r o c e d u r e  l o g  r  1 13  t a k e n
[ha]

a s  t h e  l o g a r i t h m  o f  t h e  c o n c e n t r a t i o n  o f  t h e  b a s e  a d d e d ,  

d i v i d e d  b y  t h e  d i f f e r e n c e  b e tw e e n  th e  i n i t i a l  c o n c e n t r a t i o n  

o f  a c i d  a n d  t h e  c o n c e n t r a t e d  o f  b a s e  a d d e d .  A t e x a c t l y  

h a l f  n e u t r a l i s a t i o n ,  t h i s  t e r m  i s  z e r o .  The a c t i v i t y  

c o e f f i c i e n t  o f  t h e  u n d i s s o c i a t e d  a c i d ,  Y 0 i s  a s su m ed  t o  be  

1  a n d  t h e  a c t i v i t y  c o e f f i c i e n t  o f  t h e  i o n s  i s  c a l c u l a t e d  from  

t h e  s i m p l e s t  fo rm  o f  t h e  D e b y e -E u c k e l  e q u a t i o n  f o r  v e r y  

d i l u t e  s o l u t i o n s

-  l o g  y  = A ' J T  .........................( l )

pKs f o r  b e n z o i c  a c i d  i n  w a te r  an d  i n  4:0% d i o x a n  have  

b e e n  c a l c u l a t e d  i n  t h i s  way and  a r e  g i v e n  i n  co lu m n  3 o f  

t a b l e  D1  a s  pK ^. The a v e r a g e  o f  t h e s e  v a l u e s  would n o r m a l ly  

b e  t a k e n  a s  pK.

The s i m p l e s t  fo r m  o f  t h e  D e b y e - h u c k e l  e q u a t i o n  i s  o n ly  

v a l i d  f o r  v e r y  d i l u t e  s o l u t i o n s  (m <  0 . 0 0 3 ) ,  w h e re a s  i n



p r a c t i c e  s o l u t i o n s  a r e  u s u a l l y  m ore c o n c e n t r a t e d .  I t  i s  

t h e r e f o r e  m ore  c o r r e c t  t o  u s e  t h e  G u n t e l b u r g  fo rm  o f  t h e  

D e b y e -H u e k e 1 e q u a t i o n
A ’ /  T

-  l o g  T  = iL jsL s  ........................................ (2 )
i  + y i

I t  i s  o b v io u s  t h a t  t h e  l a r g e r  t h e  v a l u e  o f  m, t h e

g r e a t e r  - w i l l  be  t h e  d i f f e r e n c e  b e tw e e n  t h e  tw o  a c t i v i t y

c o e f f i c i e n t s  a n d  so  t h e  e f f e c t  o f  u s i n g  e q u a t i o n  (2 ) i s

m o re  n o t i c e a b l e  In  40^o d i o x a n  t h a n  i n  w a t e r .  C o m p ariso n

o f  t h e  a v e r a g e s  f o r  c o lu m n  3 an d  f o r  c o lu m n  4 o f  t a b l e  Dl

i l l u s t r a t e s  t h i s  p o i n t .

The pKs i n  4 Op d i o x a n  s t i l l  show a  s t e a d i l y  i n c r e a s i n g

v a l u e  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  ( i . e . ,  n o rm a l  s a l t i n g

o u t  e f f e c t ) .  As i n  t h e  em f r e s u l t s  i t  may be  due  t o  th e

i n a c c u r a c y  o f  t a k i n g  y o a s  u n i t y  a n d  c a n  be  c o u n t e r a c t e d
0 3

b y  p l o t t i n g  a p p a r e n t  pK a g a i n s t  i o n i c  s t r e n g t h  (R & F ) .

T h i s  h a s  b e e n  done  i n  g r a p h  D l .

The g r a p h  f o r  a q u e o u s  s o l u t i o n  shows m ark ed  c u r v a t u r e  

t o w a r d s  t h e  l o w e r  v a l u e s  o f  i o n i c  s t r e n g t h .  I n  t h i s  r e g i o n  

t h e  d i s s o c i a t i o n  o f  t h e  b e n z o i c  a c i d  i s  s u f f i c i e n t  t o  make
[ a-]

a n  a p p r e c i a b l e  e f f e c t  on pK t h r o u g h  t h e  t  erm l o g  p ~ j ~  *

The h y d r o g e n  i o n  c o n c e n t r a t i o n  c an  e a s i l y  b e  c a l c u l a t e d  from  

tr ie  m e a s u r e d  pH o f  t h e  s o l u t i o n  and  ( a  J  a n d  a d j u s t e d

a c c o r d i n g l y .  pKs i n c l u d i n g  t h i s  c o r r e c t i o n  a r e  g iv e n  a s  

pK3  i n  t a b l e  D l .  The p l o t  a g a i n s t  i o n i c  s t r e n g t h  now g i v e s



a  s t r a i g h t  l i n e .  I n  40% d i o x a n  th e  s m a l l e r  d i s s o c i a t i o n  

a n d  h i g h e r  c o n c e n t r a t i o n s  u s e d  made s u c h  a  c o r r e c t i o n  u n 

n e c e s s a r y .

L a s t l y ,  th e  s t i l l  m ore  a c c u r a t e  fo rm  o f  t h e  D ebye-  

H u c k e l  e q u a t i o n
A 1

-  l o g  J  =--- t T  p  .............................. (3)
1  + yS a i 7 l

w as u s e d .  F r e q u e n t l y  i t  i s  n o t  p o s s i b l e  t o  u s e  e q u a t i o n  (3 ) 

o w in g  t o  l a c k  o f  k n o w le d g e  o f  a ^ ,  t h e  d i s t a n c e  o f  c l o s e s t

a p p r o a c h  o f  t h e  i o n s .  F o r  t h e  c a l c u l a t i o n  t o  g iv e  t h e

pK ^s o f  t a b l e  D l ,  t h e  v a l u e s  f o r  a ^  e s t i m a t e d  f ro m  t h e  

s l o p e s  o f  t h e  l i n e s  i n  t h e  B row n-M clnnes  p l o t s  o f  th e  emf 

d a t a  w e re  u s e d .  T h e s e  v a l u e s  a r e  n o t  v e r y  a c c u r a t e  s i n c e  

t h e  s l o p e  o f  t h e  l i n e  v a r i e s  c o n s i d e r a b l y  a c c o r d i n g  t o  th e  

p o i n t s  u s e d  i n  d r a w i n g  i t ,  a l t h o u g h  th e  i n t e r c e p t  g i v i n g  L° 

r e m a i n s  a l m o s t  c o n s t a n t .  I n  w a te r  t h e  d i f f e r e n c e  b e t? /een  

pK~ a n d  pK^ i s  e x t r e m e l y  s m a l l  b u t  i n  40/b d i o x a n  th e  pKs a t  

t h e  h i g h e r  c o n c e n t r a t i o n s  a r e  n o t i c e a b l y  r e d u c e d .

I t  i s  t h e r e f o r e  c o n c l u d e d  t h a t  1) when t h e  i o n i c

s t r e n g t h  i s  l e s s  t h a n  0 .0 2 5  a n d  t h e  d i s s o c i a t i o n  c o n s t a n t
*  f r - Jg r e a t e r  t h a n  1 0  i t  i s  n e c e s s a r y  t o  c o r r e c t  l o g  TvTiV f o r

LHAJ
t h e  d i s s o c i a t i o n  o f  t h e  a c i d :  2 ) w hen t h e  i o n i c  s t r e n g t h

i s  g r e a t e r  t h a n  0 . 0 1 5  i t  i s  n o t  c o r r e c t  t o  t a k e  th e  a v e r a g e  

o f  t h e  pKs f o r  t h e  i n d i v i d u a l  p o i n t s ,  s i n c e  a p p a r e n t  pK 

i n c r e a s e s  w i t h  i n c r e a s i n g  i o n i c  s t r e n g t h ,  and  an  e x t r a p o l a t i o n



o f  a p p a r e n t  p'K a g a i n s t  i o n i c  s t r e n g t h  s h o u l d  b e  u s e d :

3 ) w hen t h e  c o r r e c t  pK c a n  be t a k e n  a s  th e  a v e r a g e  o f  t h e  

a p p a r e n t  p i t s ,  e . g . ,  I n  w a t e r ,  i t  I s  w o r t h w h i l e  a p p l y i n g  

t h e  m o s t  e x a c t  e q u a t i o n  f o r  t h e  a c t i v i t y  c o e f f i c i e n t  ( e q u a t i o  

(3 )  a b o v e )  b u t  when an  e x t r a p o l a t i o n  i s  b e i n g  u s e d  i t  i s  n o t  

n e c e s s a r y  t o  go b e y o n d  e q u a t i o n  ( 2 ) a b o v e ,  s i n c e  t h e  f u r t h e r  

r e f i n e m e n t  o n l y  a l t e r s  t h e  s l o p e  o f  t h e  l i n e  w i t h o u t  a f f e c t 

i n g  t h e  i n t e r c e p t .  I f  t h e  s i m p l e s t  e q u a t i o n  I s  u s e d  t h e  

r e s u l t  w i l l  t e n d  t o  b e  h i g h .

I t  m u s t  b e  re m e m b e re d ,  h o w e v e r ,  t h a t  i n  a c h i e v i n g  

t h e s e  r e s u l t s  g r e a t  c a r e  was g i v e n  t o  d e t a i l s  o f  t e c h n i q u e  

a n d  a s  h i g h  a n  a c c u r a c y  a s  p o s s i b l e  w as a im e d  a t .  I n  many 

o f  t h e  m e a s u r e m e n t s  made i n  th e  n o r m a l  way t h e  r e f i n e m e n t s  

o f  c a l c u l a t i o n  a r e  m e a n i n g l e s s  on a c c o u n t  o f  t h e  e x p e r i m e n t a l  

e r r o r .

The r e s u l t s  f o r  2 0 ,  3 0  a n d  5 0 ^  d i o x a n  a r e  g i v e n  i n  

t a b l e s  132, D5 a n d  134 r e s p e c t i v e l y .
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Part 4.

D i s c u s s i o n .

A summary o f  t h e  r e s u l t s  o b t a i n e d  b y . t h e  d i f f e r e n t  

m e th o d s  i s  g i v e n  b e lo w

% d i o x 
a n

E °
"i/Pt

E °
£uin-

pK
Concl.

pK
Er»£/Hl

pK
Em F./Qijin.

pK
PH

0 . 2 2 2 2 .4 7 7 0 4 .2 0 5 4 .2 0 3 4 .1 8 9 4 .2 0 3

2 0 .2 0 3 1 .5 0 5 5 4 .8 6 3 4 .8 6 4 4 .8 7 6 4 .8 3 1

3 0 .1 9 0 0 .5 2 2 3 5 .2 7 2 5 .2 9 6 5 . 2 6 5 .2 3 0

40 .1 7 3 8 .5 3 8 8 5 .7 8 4 5 .7 8 9 5 .7 2 5 .6 9 0

50 .1 5 1 0 .5 6 2 5 6 .3 8 5 6 .3 4 2 6 . 1 2 6 .2 0 8

T h e r e  i s g o o d  ja g re e m e n t b e tw e e n  th e r e s u l t s o b t a i n e d

by  c o n d u c t i v i t y  a n d  emf u s i n g  a  h y d r o g e n  e l e c t r o d e ,  b u t  t h e  

r e s u l t s  b y  t h e  pH m e th o d  show a n  i n c r e a s i n g  d e v i a t i o n  f ro m  

t h o s e  o f  t h e  o t h e r  tw o  m e th o d s  la s  t h e  p e r c e n t a g e  d io x a n  i n  t h e  

s o l v e n t  i n c r e a s e s .

T h o u g h  t h e r e  h a v e  b e e n  many d e t e r m i n a t i o n s  o f  E °  and  

o f  pK f o r  b e n z o i c  a c i d  i n  w a t e r ,  v e r y  l i t t l e  h a s  b e e n  d one  

i n  d i o x a n - w a t e r  m i x t u r e s ,  s o  n o t  many v a l u e s  a r e  a v a i l a b l e  

f o r  c o m p a r i s o n .  I n t e r p o l a t i o n ,  w here  n e c e s s a r y ,  o f  H arned  

a n d  M o r r i s o n ’ s ( E l )  v a l u e s  o f  E °  f o r  a  Ag-AgCl e l e c t r o d e  a t  

25°C. g i v e s  f o r  w a t e r ,  2 0 ,  3 0 ,  40 a n d  50% d i o x a n  0 .2 2 2 4 ,

0 . 2 0 3 0 ,  0 . 1 9 0 0 ,  0 .1 7 3 5  an d  0 .1 5 2 6  r e s p e c t i v e l y  and  a g re e m e n t  

i s  g o o d  e s p e c i a l l y  i n  t h e  l o w e r  c o n c e n t r a t i o n s  o f  d i o x a n .

No v a l u e s  w e re  f o u n d  i n  l i t e r a t u r e  f o r  E °  f o r  a  c e l l  c o n s i s t -



i n g  o f  a  q u i n h y d r o n e  an d  a  Ag-AgCl e l e c t r o d e  i n  d i o x a n -  

w a t e r  m i x t u r e s  b u t  i n  w a t e r  H ovorka  an d  D e a r in g  (E2 ) 

o b t a i n e d  0 .6 9 9 4  f o r  t h e  q u in h y d r o n e  e l e c t r o d e  a n d  t h e  

re co m m en d ed  v a l u e ,  du e  t o  H a rn e d  an d  E h l e r s  ( 1 3 ) ,  f o r  t h e  

A g-A gC l e l e c t r o d e  i n  w a te r  i s  0 .2 2 2 4 ,  f r o m  w h ic h  we w o u ld  

e x p e c t  0 . 4 7 7 0  f o r  E °  i n  t h e  p r e s e n t  w o rk .  A g a in  a g r e e m e n t  

i s  g o o d .  V a l u e s  g i v e n  f o r  t h e  pK f o r  b e n z o i c  a c i d  i n  w a t e r  

a t  25 °0 .  i n c l u d e  4 . 2 0 1  ( E 3 ) ,  4 . 1 9 9  (B 2 3 ) ,  4 . 2 1 2 ,  4 .2 0 0  ( 4 5 ) ,  

4 . 2 1  (5 4 )  a n d  a t  20°G., 4 . 2 2 ,  4 . 2 4  ( 5 9 ) .  The p r e s e n t  o n e ,  

4 .2 0 3  l i e s  w e l l  w i t h i n  t h i s  r a n g e .  I n  d i o x a n - w a t e r  

s o l u t i o n ,  L y n c h  a n d  La Mer (B5) g iv e  t h e  pK i n  5 0 $  d i o x a n  

a s  6 .1 1 5  a n d  C a v i l l ,  G ib s o n  an d  Nyholm (54) 6 .0 7  i n  t h e  

sam e s o l v e n t  an d  a l s o  4 .7 8  i n  2 0 $  a n d  5 .1 4  i n  3 0 $  d i o x a n .

A l l  t h e s e  m ix e d  s o l v e n t s ,  h o w e v e r ,  a r e  on a  volum e b a s i s .  

Speakm an  (5 9 )  o b t a i n e d  5 .3 5  a n d  5 . 2  i n  30% (w/ w) d i o x a n  a t  

2 0 ° C .  As a  c h e c k ,  a  f u l l  t i t r a t i o n  In  3 0 $  d io x a n  was 

c a r r i e d  o u t  i n  p l a c e  o f  t h e  s i n g l e  m e a s u re m e n t  on  a  h a l f  

n e u t r a l i s e d  s o l u t i o n  a s  p r e v i o u s l y  a n d  t h e  r e s u l t  c o n f i r m e d  

t h e  v a l u e  r e p o r t e d  i n  t h i s  p a p e r .

The d i s c r e p a n c y  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  by  t h e  

pH m e th o d  a n d  t h e  o t h e r  two m e th o d s  c a l l s  f o r  some comment 

a n d  i n  t h i s  c o n n e c t i o n  t h e  q u e s t i o n  o f  c o r r e c t i n g  th e  pH 

r e s u l t s  f o r  t h e  s o l v e n t  e f f e c t  on th e  g l a s s  e l e c t r o d e  a r i s e s .  

R e c e n t  w o r k e r s  ( 2 3 ,  6 5 ,  7 0 ,  7 3 ,  E 4) h av e  a p p l i e d  no



c o r r e c t i o n  t o  r e a d i n g s  m  m ix e d  s o l v e n t s ,  p a r t i c u l a r l y  

a l c o h o l - w a t e r  m i x t u r e s .  A c c o r d i n g  t o  D o le  ( 1 1 1 ) t h e  e r r o r

i s  d u e  t o  t h e  r e d u c e d  a c t i v i t y  o f  t h e  w a te r  i n  t h e  s o l v e n t
RT

a n d  c a n  be c a l c u l a t e d  f r o m  h £ = p T *  I n  { r  o ) .
1 2

T h i s  w as  s u b s t a n t i a t e d  b y  f u r t h e r  w o r k  d one  by  Dole  (14) 

i n  a l c o h o l - w a t e r  a n d  s t r o n g l y  a c i d  s o l u t i o n s .  I n  t h e  p r e s 

e n t  c a s e ,  h o w e v e r ,  a p p l i c a t i o n  o f  D o l e ’ s c o r r e c t i o n  i n c r e a s e s  

r a t h e r  t h a n  d e c r e a s e s  t h e  d i s c r e p a n c y .

I n  o r d e r  t o  s e e  i f  some a r b i t r a r y  c o r r e c t i o n  c o u l d  be 

f o u n d  e x p e r i m e n t a l l y ,  i t  w as d e c i d e d  t o  m e a s u re  t h e  pH o f  

a p p r o x i m a t e l y  ^VlOO HC1 i n  e a c h  o f  t h e  s o l v e n t  m i x t u r e s  u s e d  

an d  t o  c o m p a re  i t  w i t h  t h e  t h e o r e t i c a l  pH c a l c u l a t e d  f ro m  

t h e  {h +} o f  t h e  s o l u t i o n ,  a s s u m in g  t h e  HC1 t o  be  c o m p l e t e l y  

d i s s o c i a t e d  i n  e v e r y  c a s e  a n d  u s i n g  mean a c t i v i t y  c o e f f i c i e n t s  

f o r  HC1 o b t a i n e d  b y  i n t e r p o l a t i o n  o f  t h e  d a t a  o f  E a rn e d  and  

M o r r i s o n  ( E 5 ) .  F o r  i n t e r e s t ,  a c e t o n e - w a t e r  an d  a l c o h o l -  

w a t e r  m i x t u r e s  w e re  a l s o  u s e d  a s  s o l v e n t  and  t h e  r e s u l t s  a r e  

g i v e n  i n  t a b l e  E l  a n d  p l o t t e d  i n  f i g u r e  E l .  The d e v i a t i o n  

f r o m  t h e  c a l c u l a t e d  pH w as g r e a t e s t  i n  th e  c a s e  o f  d i o x a n -  

w a t e r  m i x t u r e s  a n d  l e a s t  w i t h  a c e to n e - v t f a t e r  m i x t u r e s  w h i l e  

t h a t  o f  t h e  a l c o h o l - w a t e r  m i x t u r e s  was in  t h e  o p p o s i t e  s e n s e  

f r o m  t h e  o t h e r  tw o ,  t h e  m e a s u re d  pH b e i n g  h i g h e r  t h a n  e x 

p e c t e d  i n  a l c o h o l - w a t e r  an d  lo w e r  i n  d i o x a n - w a t e r  and  a c e t o n e -  

w a t e r  m i x t u r e s .  T h i s  w o u ld  seem  t o  i n d i c a t e  t h a t  t h e  n a t u r e



o f  t h e  s o l v e n t  m i x t u r e  i s  more i m p o r t a n t  t h a n  th e  r e d u c e d  

a c t i v i t y  o f  t h e  w a t e r  p r e s e n t .  I f  a  c o r r e c t i o n  b a s e d  on 

t h e s e  m e a s u r e m e n t s  i s  a p p l i e d  t o  t h e  pK v a l u e s  o b t a i n e d  by 

t h e  pH m e t h o d ,  i t  b r i n g s  them  m uch c l o s e r  t o  t h o s e  o b t a i n e d  

by t h e  o t h e r  two m e th o d s .

d i o x a n pK C o r r e c t i o n C o r r e c t e d  pK pH b y  emf

0 4 .2 0 3 - 4 .2 0 3 4 .2 0 3

2 0 4 .8 3 1 .0 2 3 4 .8 5 4 4 .8 6 4

30 5 . 2 3 0 .0 3 7 5 .2 6 7 5 .2 9 6

40 5 . 6 9 0 .0 6 0 5 .7 5 0 5 .7 8 9

50 6 .2 0 8 . 1 2 1 6 .3 2 9 6 .3 4 2

I n  t h i s  c a s e ,  a t  an y  r a t e ,  t h e  c o r r e c t i o n  seem s j u s t i f i e d  

b u t  f u r t h e r  w o rk ,  i n c l u d i n g  o t h e r  s o l v e n t s ,  i s  r e q u i r e d  b e 

f o r e  a n y  d e f i n i t e  c o n c l u s i o n  c a n  be r e a c h e d .  I t  w ou ld  a l s o  

b e  i n t e r e s t i n g  t o  m e a s u r e  t h e  pH o f  su ch  s o l u t i o n s  u s i n g  a 

g l a s s  e l e c t r o d e  a n d  a p p a r a t u s  n o t  i n v o l v i n g  a  l i q i i i d  j u n c t i o n  

s o  t h a t  t h e  e f f e c t  due  t o  t h e  g l a s s  e l e c t r o d e  c o u l d  be 

s e p a r a t e d  f r o m  t h a t  due  t o  t h e  l i q u i d  j u n c t i o n .

I n  c o n s i d e r i n g  t h e  d i f f e r e n c e  b e tw e e n  t h e  d i s s o c i a t i o n  

c o n s t a n t  o f  a  s u b s t a n c e  i n  w a t e r  and  i n  some o t n e r  s o l v e n t  

t h e r e  i s  t h e  d i f f i c u l t y  t h a t  t h e  a c t i v i t i e s  o f  a n y  s p e c i e s  

a r e  r e f e r r e d  t o  . i n f i n i t e  d i l u t i o n  i n  e a c h  p a r t i c u l a r  s o l v e n t  

a n d  t h e r e f o r e  a r e  n o t  m u t u a l l y  c o m p a r a b le .  To g e t  o v e r  t h i s  

d i f f i c u l t y ,  t h e  h y p o t h e t i c a l  s i t u a t i o n  o f  th e  d i s s o c i a t i o n



t a k i n g  p l a c e  i n  t h e  g a s  p h a s e  may be  p o s t u l a t e d .  T h is  i s  

q u i t e  i m p r a c t i c a b l e  b u t  i s  a  u s e f u l  e x p e d i e n t  s i n c e  i t  r e 

m oves s o l v e n t  e f f e c t s  f r o m  t h e  e q u i l i b r i u m

HAaq + HgOaq — > H3 0+ a q  + A 'a q

I  i  J  T h i  T
HAcj, +  HgOij, +

(T he h y d r o g e n  i o n  i s  s t i l l  show n a s  t h e  h y d r a t e d  p r o t o n ,

HgO*,. s i n c e  i t  i s  u s u a l l y  p re s u m e d  t h a t  i n  p a r t i a l l y

a q u e o u s  s o l v e n t s  t h e  w a t e r  o n l y  h y d r a t e s  th e  p r o t o n . )

The t o t a l  c h a n g e  i n  f r e e  e n e r g y  d u r i n g  a n y  p r o c e s s  i s  n o t

d e p e n d e n t  o n  t h e  i n t e r m e d i a t e  s t a g e s  so  t h a t  t h e  c h a n g e  i n

f r e e  e n e r g y  i n  g o i n g  f r o m  t h e  i n i t i a l  t o  t h e  f i n a l  s t a g e

w i l l  be  t h e  same e i t h e r  by  t h e  d i r e c t  r o u t e  o r  s t a g e s  I ,  I I

a n d  I I I  a s  show n i n  t h e  d i a g r a m .  S ta g e  I  i s  t h e  e v a p o r a t i o n

o f  a  s o l u t i o n  o f  u n i t  a c t i v i t y  t o  g iv e  a  g a s  w i t h  p a r t i a l

v a p o u r  p r e s s u r e s  p °  a n d  p?T ^ . As t h i s  i s  a n  e q u i -
HAaq HgOaq

l i b r i u m  s t e p ,  t h e r e  i s  no  c h a n g e  in  f r e e  e n e r g y .  I f  t h e  

g a s  i s  t h e n  c o m p r e s s e d  t o  u n i t  p r e s s u r e  t h e r e  i s  a  g a i n  i n  

f r e e  e n e r g y
1  1 

h  Gt  = RT I n  To ' + RT I n  Do
1  pHAaq % O aq

HhI n  s t a g e  I I ,  t h e  r e a c t i o n  t a k e s  p l a c e ,  g i v i n g  H^O an d  A r 

g a s  a l s o  a t  u n i t  p r e s s u r e

-  A GX1 = RT I n  Kg 

w h e re  Kg i s  t h e  d i s s o c i a t i o n  c o n s t a n t  f o r  t h e  g a s .  K ext



t h e  i o n i c  g a s  i s  a l l o w e d  t o  e x p a n d  t o  g i v e  s. g a s  o f  s u c h  a. 

v a p o u r  p r e s s u r e  t h a t ,  when i t  i s  f i n a l l y  c o n d e n s e d ,  t h e  

s o l u t i o n  h a s  u n i t  a c t i v i t y

" A G = RT l n  — L   + RT I n  1
I I I  p?T .

HgO a q  A“ a q

A d d in g  a l l  t h r e e  t o g e t h e r  

- * G a q  = -  A Oj. -  A 0 IX -  A = RTlnES + R^ P ° H A a q - P H o 0 a q

pOHs0+aq*pOA-a
o r  l o g  Kaq = R T lo g  Kg + l o g  P ^ a q . p g gQaq

■̂ Ĥ O+a q  * PA~aq

By a n  e x a c t l y  a n a l o g o u s  a r g u m e n t  b u t  s t a r t i n g  f ro m  a  m ix e d  

s o l v e n t ,  S ,

l o g  Kg = R T lo g  Kg +  l o g  P°m .p °  0
3 2 s

o o
p h  n4* , p A- 

3 s  A s

S u b t r a c t i n g  t h e  one  f r o m  t h e  o t h e r  a n d  r e a r r a n g i n g ,

pKs  -  pK aq = l o g  ^HAag _ l o g  <P° Q + - P ^ - ) a q  0
0  — 2--------   l o g  HoOq

p / O . O \ ^  -5—
y  HA_ (p h  os H3 0  - a -  s PftgOaq

A s o l u t i o n  o f  HA o f  u n i t  a c t i v i t y  i n  w a t e r  w i l l  n o t  be  i n  

e q u i l i b r i u m  w i t h  a  s o l u t i o n  o f  HA o f  u n i t  a c t i v i t y  i n  s o l v e n t  

S ( e a c h  a c t i v i t y  b e i n g  r e f e r r e d  t o  i n f i n i t e  d i l u t i o n  i n  i t s  

own s o l v e n t ) ,  t h e r e f o r e  t h e  p a r t i a l  p r e s s u r e s  o f  HA i n  th e  

tw o c a s e s  w i l l  b e  d i f f e r e n t  a n d ,  u s u a l l y ,  w i l l  be  g r e a t e r  

o v e r  w a t e r .  I f  t h e  c o n c e n t r a t i o n  o f  HA i n  w a te r  i s  r e d u c e d



u n t i l  t h e  two p a r t i a l  p r e s s u r e s  a r e  e q u a l ,  t h e  tw o  s o l u t i o n s  

w i l l  b e  i n  e q u i l i b r i u m  a n d  t h e  r a t i o  o f  t h e i r  a c t i v i t i e s

Q.TTA _
w i l l  b e  e q u a l  t o  t h e  d i s t r i b u t i o n  r a t i o  o f  HA b e tw e e n

a HAaq
S a n d  w a t e r  ( ^  HA.) • be m ore  p r e c i s e ,  i t  i s  t h e  l i m i t i n g

v a l u e  o f  t h e  a c t u a l  c o n c e n t r a t i o n  d i s t r i b u t i o n  r a t i o  a s

C be  f o u n d  e x p e r i m e n t a l l y .  S i m i l a r  t r e a t -
( •  3?^ 1m e n t  o f  t h e  r a t i o  A " ^ a q  show s i t  t o  be  e q u a l  t o

(PV  + - 4 - ) s
€  b u t  t h i s  i s  n o t  so  e a s i l y  e s t i m a t e d .  The a b o v e

HgO+A
e q u a t i o n  c a n  now b e  w r i t t e n

pKg -  -  l o g  ^  -  l o g  {  h 3 o+A“ " l o ^  a H2 0 s * # * ^

w h e r e  l o g  a ^  r e p r e s e n t s  t h e  a c t i v i t y  o f  w a t e r  i n  S r e l a -  
H2  s

t i v e  t o  t h a t  i n  p u r e  w a t e r .  T h i s  e q u a t i o n  i s  s i m i l a r  t o

t h e  o n e  g i v e n  b y  K o l t h o f f  (E6 ) e x c e p t  t h a t ,  s i n c e  i n  t h e

p r e s e n t  w o rk  th e  s o l v e n t  i s  p a r t i a l l y  a q u e o u s ,  a  t e r m  f o r

t h e  c h a n g e  o f  a c t i v i t y  o f  t h e  w a t e r  p r e s e n t  i s  i n c l u d e d .

The e f f e c t  d u e  t o  t h e  a n i o n  i n  l o g  { °  ̂ w i l l  be

s m a l l  c o m p a r e d  w i t h  t h a t  o f  t h e  c a t i o n  and  B ra u d e  an d

S t e r n  (1 1 6 )  c o n s i l  e r  t h e  d i f f e r e n c e  i n  pKs t o  be due  m a in ly

t o  t h e  d i f f e r e n c e  i n  p r o t o n  a f f i n i t y  o f  t h e  s o l v e n t s ,  w h ic h

c a n  b e  m e a s u r e d  by t h e  c h a n g e  i n  f r e e  e n e r g y  on g o i n g  f ro m

one  t o  t h e  o t h e r .  B u t l e r  a n d  R o b e r t s o n  (E7) a l s o  h e l d

t h i s  v ie w  b u t  s t a t e d  t h a t  some o t h e r  e f f e c t  was a l s o  p r e s e n t .

I t  i s  t h e r e f o r e  e x p e c t e d  t h a t  l o g  h^O+A" w i l l  a c c o u n t  f o r
o
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S o l v e n t
%age

d i o x a n

S o l u b i l i 
t y  g . m o l /
1 0 0 0  g .  ...

pK
l o g

t°Ek

- l o g

a H2 0 s
l o g  t c 
- l o g  i

0 ' - ' .0 2 7 6 4 .2 0 5 0 0 0

2 0 ' - ' .1 3 0 4 4 . 8 6 3 .6 7 4 . 0 1 1 .6 8 5

3 0 .4 0 7 5 .2 7 2 1 .1 6 9 .0 1 9 1 .1 8 8

40 1 .0 6 8 5 .7 8 4 1 .5 8 8 .0 2 6 1 .6 1 4

50 2 . 0 1 8 6 .3 8 5 1 .8 6 4 .0 3 8 1 .9 0 2

m o s t  o f  t h e  d i f f e r e n c e  b e tw e e n  pKg a n d  pKa ^ ,  b u t ,  a c c o r d i n g  

t o  t h e  c a l c u l a t i o n  show n i n  t h e  t a b l e  b e l o w , t h i s  a p p e a r s  

n o t  t o  b e  th e  c a s e  when d i o x a n - w a t e r  m i x t u r e s  a r e  t h e  

s o l v e n t s .

B e n z o i c  A c i d .

^ ™ n ___  *1___eo
H* pKs - PKaq
H2 0

0

.6 5 8  

1 .0 6 7  

1 .5 7 9  

2 .1 8 0

The s o l u b i l i t y  o f  t h e  b e n z o i c  a c i d  was d e t e r m i n e d  by  

s t i r r i n g  a n  e x c e s s  o f  s o l i d  a c i d  i n  t h e  r e q u i r e d  s o l v e n t  f o r  

s e v e r a l  d a y s  a t  2 5 °C. and  t h e n  e s t i m a t i n g  th e  am ount o f  a c i d  

i n  s o l u t i o n  b y  t i t r a t i o n ,  u n d e r  n i t r o g e n ,  w i t h  s t a n d a r d  

b a r i u m  h y d r o x i d e ,  u s i n g  p h e n o l p h t h a l e i n  a s  i n d i c a t o r .

P ro m  t h e  B o rn  e q u a t i o n  a p p l i e d  to  t h e  d i s s o c i a t i o n  o f  

a n  a c i d  i n  tw o  d i f f e r e n t  s o l v e n t s  o f  d i e l e c t r i c  c o n s t a n t s  13° 

a n d  D ,

l o g  1° = / - A -  + — \  A  -
H+A.-  2 .3x2R T  lrjj+  r  _ / D /

i t  i s  p o s s i b l e  t o  g e t  a n  e s t i m a t e  ox l o g  1°-̂  q+ ^~ '  ma^ n
3

d i f f i c u l t y  l i e s  i n  k n o w in g  w h a t v a l u e  to  u s e  f o r  r iT^o+ anc^

D a ta  o f  B o c k r i s  a n d  E g an  (E8 ) •



r A-* tw o s p h e r i c a l ,  u n i f o r m l y  c h a r g e d  i o n s ,  t h e  d i s 

t a n c e  o f  c l o s e s t  a p p r o a c h  o f  t h e  i o n s  i n  s o l u t i o n  g i v e s ,  

v e r y  a p p r o x i m a t e l y ,  t h e  sum o f  t h e i r  r a d i i ,  h u t  t h e  b e n z o 

a t e  i o n  i s  n e i t h e r  s p h e r i c a l  n o r  u n i f o r m l y  c h a r g e d  an d  t h e

d i s t a n c e  o f  c l o s e s t  a p p r o a c h  o f  t h e  i o n s  o f  b e n z o i c  a c i d ,  
o ,

a b o u t  5A> i  si v e r y  much l e s s  t h a n  i s  t o  be e x p e c t e d  a s  t h e  sum 

o f  t h e i r  r a d i i .  I n  a n y  c a s e ,  b e tw e e n  0  a n d  4 0 % d i o x a n  

m ore  t h a n  t h e  d i f f e r e n c e  I n  pK h a s  b e e n  a c c o u n t e d  f o r  by 

t h e  o t h e r  tw o t e r m s  i n  e q u a t i o n  (A). The n e g a t i v e  v a l u e  

o f  l o g  ^ g ^ o ^ A ” (wk i c h  i s  i n a d m i s s i b l e )  n e e d  n o t  be t a k e n  

t o o  s e r i o u s l y  s i n c e  t h e  e r r o r  i n  t a k i n g  l o g  ^ ° j ^ o +A“ a s  

l o g  ^ / s 0  a t  c o n c e n t r a t i o n s  o f  0 .1M  and  a b o v e  w i l l  b e  

a p p r e c i a b l e ,  b u t  i t  i s  s a f e  t o  s ay  t h a t  l o g  

b e  s m a l l .

K o l t h o f f  (E6 ) show ed  by  h i s  work w i t h  b e n z o i c  a c i d

t h a t  i n  p u r e  e t h a n o l  a n d  p u r e  m e t h a n o l  l o g d o e s  n o t
A

a c c o u n t  f o r  m o s t  o f  t h e  d i f f e r e n c e  b e tw e e n  pK<, a n d  pKaq.

T h i s  may b e  a t t r i b u t e d  t o  th e  f a c t  t h a t  t h e  s o l v a t i o n  o f  

t h e  i o n s  m u s t  be  e n t i r e l y  d i f f e r e n t  i n  e a c h  s o l v e n t  so  t h e  

i o n i c  r a d i u s  w i l l  c h a n g e  a p p r e c i a b l y  and  l o g  w i l l  be

l a r g e .

C a v i l l ,  G ib s o n  a n d  h y h o lm  (54 )  h a v e  d e t e r m i n e d  d i s 

s o c i a t i o n  c o n s t a n t s  f o r  b e n z o i c  a o i d  i n  a lc o h o l -V i /a te r  m i x t u r e s  

a n d  B o c k r i s  a n d  E g a n  (E8 ) g i v e  v a l u e s  f o r  i t s  s o l u b i l i t y .



I n t e r p o l a t i o n  of* t h e s e  r e s u l t s  a l lo w ed ,  t h e  f o l l o w i n g  t a b l e  

t o  he  w o rk ed  o u t :

/ l a i c . 

0

pK

4 . 2 1

S

.0 2 7 6

l o g
s/ i 0

0

- l o g *
a H2 °

0

l o g  S/ s o
- i o g  a ^ Q  

0

pK -pK s * a q

0

1 0 4 . 2 7 .0 4 1 8 .1 8 1 .0 2 3 . 2 0 .0 6

2 0 4 . 4 8 .0 9 1 5 .5 2 1 .0 5 6 .5 8 .2 7

30 4 . 7 7 .3 2 2 1 .0 6 8 .1 4 1 1 . 2 1 . 5 6

50 5 . 4 9 1 . 7 2 1 1 .7 9 5 .3 9 9 2 .1 9 1 . 2 8

A g a in l o g  t ° m - l o g  a ^ Q m ore  t h a n a c c o u n t s  f o r t h e

d i f f e r e n c e  b e tw e e n  pKg a n d  pKa q an d  t h e  d i s c r e p a n c y  i s  g r e a t 

e r  t h a n  i n  t h e  c a s e  o f  d i o x a n - w a t e r  m i x t u r e s ,  b u t  C a v i l l ,  

G ib s o n  a n d  N yholm 1 s v a l u e  f o r  pK i n  d i o x a n - w a t e r  i s  l o w e r  

b y  u p  t o  0 . 3  pK u n i t  t h a n  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s 

e n t  w o r k .  I f  a  s i m i l a r  u n c e r t a i n t y  e x i s t e d  i n  t h e i r  v a lu e s  

i n  a l c o h o l - w a t e r  i t  w ould  i n c r e a s e  t h e  d i f f e r e n c e  b e tw e n  

pKs a n d  pKa q an d  make t h e  d i s c r e p a n c y  much l e s s .

I n  g r a p h  E 2 ,  pK, l o g  an d  l o g  have  b e e n

p l o t t e d  a g a i n s t  m o l f r a c t i o n  o f  o r g a n i c  s o l v e n t .  T h i s  i s  

j u s t  a  v i s u a l  m e th o d  o f  e x p r e s s i n g  t h e  f i g u r e s  i n  t h e  t a b l e s  

b u t  show s v e r y  c l e a r l y  how l a r g e  a  c o n t r i b u t i o n  i s  made by

1 oo-€ °  .
°  HA <

T hus  i t  a p p e a r s  t h a t ,  i n  s o l v e n t s  com posed o f  w a te r  

a n d  u p  t o  30 o r  4 0 % o f  a n  o r g a n i c  s u b s t a n c e  s u c h  a s  d io x a n

■* P rom  i n t e r p o l a t i o n  o f  d a t a  g i v e n  by  M a r t in  and  Brown (E 9 ) .



o r  e t h a n o l ,  by  f a r  t h e  l a r g e s t  p a r t  o f  t h e  d e c r e a s e  i n  

d i s s o c i a t i o n  c o n s t a n t  o f  a n  a c i d ,  s u c h  a s  b e n z o i c  a c i d ,  

c a n  b e  a c c o u n t e d  f o r  by t h e  i n c r e a s e d  s o l u b i l i t y  o f  t h e  

a c i d ,  b u t  f u r t h e r  w o rk  c o v e r i n g  more a c i d s  a n d  s o l v e n t s  

a n d  a  g r e a t e r  r a n g e  o f  s o l v e n t  m i x t u r e s  i s  r e q u i r e d  b e f o r e  

a  g e n e r a l  s t a t e m e n t  c a n  be  m ad e .



Section 3.

E l e c t r o l y t i c  D i s s o c i a t i o n  o f  M agnesium  S u l p h a t e  

a n d  L a n th a n u m  F e r r i c y a n i d e  i n  M ixed  S o l v e n t s .



The w o rk  r e p o r t e d  i n  t h i s  s e c t i o n  w as d o n e  i n  c o l 

l a b o r a t i o n  w i t h  th e  l a t e  Dr* J . C .  J am e s  a n d  t h e  d i s c u s s i o n  

g i v e n  i n  t h e  r e p r i n t  w r i t t e n  e n t i r e l y  by  h im .

F o l l o w i n g  w o rk  on  p o l y v a l e n t  e l e c t r o l y t e s  p r e v i o u s l y  

d o n e  b y  D r.  J am e s  ( F I , 3 5 )  t h e  e l e c t r o l y t i c  d i s s o c i a t i o n  o f  

m a g n e s iu m  s u l p h a t e  i n  w a t e r ,  1 0  a n d  20% d i o x a n ,  a n d  0 . 1 , 

0 . 2 5 ,  0 .5M  a q u e o u s  g l y c i n e  s o l u t i o n s  a n d  o f  l a n th a n u m  

f e r r i c y a n i d e  i n  0 . 1 ,  0 . 2 5  a n d  Q.5M a q u e o u s  g l y c i n e  s o l u t i o n s  

w as m e a s u r e d  b y  t h e  c o n d u c t i v i t y  m e th o d .  U r e a - w a t e r  

s o l u t i o n s  w e re  a l s o  t r i e d  b u t  fo u n d  t o  b e  u n s a t i s f a c t o r y  

s o l v e n t s  o w ing  t o  a  d r i f t  i n  s o l v e n t  r e s i s t a n c e  w h ic h  made 

a c c u r a t e  r e a d i n g s  i m p o s s i b l e .  The a q u e o u s  g l y c i n e  s o l u 

t i o n s  w e re  u s e d  t o  g i v e  s o l v e n t s  o f  d i e l e c t r i c  c o n s t a n t  

h i g h e r  t h a n  t h a t  o f  w a t e r  i n  c o n t r a s t  w i t h  t h e  lo w e r  d i 

e l e c t r i c  c o n s t a n t s  u s u a l l y  o b t a i n e d ,  e . g . ,  i n  a l c o h o l - w a t e r  

a n d  d i  o x a n - w a t e r  m i x t u r e  s .

The a p p a r a t u s  a n d  e x p e r i m e n t a l  t e c h n i q u e  h a v e  a l r e a d y  

b e e n  d e s c r i b e d  i n  S e c t i o n  2 ,  P a r t  1 o f  t h i s  t h e s i s .  The 

p u r i f i c a t i o n  o f  m a t e r i a l s ,  d e t a i l s  o f  c a l c u l a t i o n  an d  

e x p e r i m e n t a l  r e s u l t s  a r e  a l l  g i v e n  i n  t h e  r e p r i n t  a t  t h e  

e n d  o f  t h e  a p p e n d i x .

I t  h a s  b e e n  shown t h a t  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  

b o t h  s a l t s  v a r i e s  l i n e a r l y  w i th  t h e  r e c i p r o c a l  o f  t h e  d i 

e l e c t r i c  c o n s t a n t  o f  t h e  s o l u t i o n  (w h ic h  i s  t a k e n  a s  th e



d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t  s i n c e  th e  s o l u t i o n s  a r e  

a l l  v e r y  d i l u t e )  and  t h a t  t h e  i n c r e a s e  i n  e x t e n t  o f  d i s 

s o c i a t i o n  w i t h  i n c r e a s e  i n  d i e l e c t r i c  c o n s t a n t  c a n  h e  

a c c o u n t e d  f o r  by s i m p l e  e l e c t r o s t a t i c  c o n s i d e r a t i o n s .  The 

r a d i i  o f  t h e  i o n  p a i r s  h a v e  a l s o  b e e n  c a l c u l a t e d  a n d  i t  i s  

s u g g e s t e d  t h a t ,  i n  g l y c i n e  s o l u t i o n s ,  g l y c i n e  m o l e c u l e s  a s

w e l l  a s  w a t e r  m o l e c u l e s  a r e  p r e s e n t  i n  t h e  s o l v a t i o n  
w h i l e

s h e a t h s / i n  d i o x a n - w a t e r  m i x t u r e s  o n l y  vtfater t a k e s  p a r t  i n  

s o l v a t i o n .
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A P P E N D I  X .



T a b le  A l .  

T i t r a t i o n  o f  p - c h l o r o a n i l i n e

B u r e t t e
H e a d in g s

Volume
A dded

P o t e n t i o m e t e r
R e a d in g s A E A pH pH

1 . 8 6 1 0 0 .0 6 5 9

2 * 7 3 5 0 . 8 7 4 0 .1 1 9 6 - 0 . 0 6 0 9 - 1 . 0 7 3 .5 7

2 . 8 6 9 1 .0 0 8 0 .1 3 2 3 - 0 . 0 4 8 2

toCO•

o1 3 .7 9

3 . 0 4 0 1 .1 7 9 0 .1 4 6 9 - 0 . 0 3 3 6 - 0 . 5 9 4 .0 5

3 . 1 7 0 1 .3 0 9 0 .1 6 1 4 - 0 . 0 1 9 1 - 0 . 3 4 4 .3 0

b [H + ] b 4- [ h * ] h - b -  [H+] a  -  (h  -
b  -  [h ] )

Ka -4  x  1 0  * pKa

0 .0 0 3 1 7 5 0 .0 0 0 2 7 0 0 .0 0 3 4 4 5 0 .0 0 2 7 3 0 0 .0 0 1 3 2 0 1 .4 2 3 .8 5

0 .0 0 3 6 5 0 0 .0 0 0 1 6 2 0 .0 0 3 8 1 2 0 .0 0 2 3 6 3 0 .0 0 1 6 8 7 1 .2 5 3 . 9 0

0 .0 0 4 2 7 5 0 .0 0 0 0 8 9 2 0 .0 0 4 3 6 4 0 .0 0 1 8 1 1 0 .0 0 2 2 3 9 1 . 2 0 3 .9 2

0 .0 0 4 7 5 0 0 .0 0 0 0 5 0 4 0 .0 0 4 8 0 0 0 .0 0 1 3 7 5 0 .0 0 2 6 7 5 1 .1 7 3 .9 3

A H  = 0 * 0 5 7 0  a  = 0 .0 0 4 0 5 0
A pH

h  = 0 .0 0 6 1 7 5

E .P *  = 1*70  c c . c a u s t i c  s o d a  = 0 .9 2
a d d e d

A v e r a g e  pK& » 3 . 9 0  pK^ = 1 0 .2 7



Table A2.

T i t r a t i o n  o f  p - b r o m o a n i l i n e .

B u r e t t e
R e a d i n g s

Volume
A dded

P o t e n t i o m e t e r
R e a d in g s

A E A pH pH

1 .9 2 0 0 0 . 0 6 1 6

2 . 9 6 9 1 .0 4 9 0 .1 2 1 5 - 0 . 0 5 8 8 - 1 . 0 3 3 . 6 1

3 . 0 3 7 1 .1 1 7 0 .1 2 7 6 - 0 .0 5 2 7 - 0 . 9 2 3 . 7 2

3 . 0 6 8 1 .1 4 8 0 .1 2 9 9 - 0 . 0 5 0 4 - 0 . 8 8 3 . 7 6

3 . 2 0 1 1 .2 8 1 0 .1 4 5 0 - 0 .0 3 5 3 - 0 . 6 2 4 .0 2

b [H+] b  + [ h+ ] h -  ( b + [ H * J  ) a  -  h« +
( b - f ^ j )

Ka  . 4  
x  1 0 PKa

0 .0 0 3 8 1 5 0 .0 0 0 2 4 6 0 .0 0 4 0 6 1 0 .0 0 2 1 0 9 0 .0 0 0 8 2 1 1 .0 4 3 .9 6

0 .0 0 4 0 6 0 0 .0 0 0 1 9 0 0 .0 0 4 2 5 0 0 .0 0 1 9 2 0 0 . 0 0 1 0 1 0 1 .0 9 3 . 9 5

0 .0 0 4 1 7 0 0 .0 0 0 1 7 4 0 .0 0 4 3 4 4 0 .0 0 1 8 2 6 0 .0 0 1 1 0 4 1 .1 4 3 . 9 4

0 .0 0 4 6 6 5 0 .0 0 0 0 9 6 0 .0 0 4 7 6 1 0 .0 0 1 4 0 9 0 .0 0 1 5 2 1 1 .1 3 3 .9 5

a  = 0 .0 0 2 9 3 0  h  = 0 .0 0 6 1 7 0
- i - l  = 0 .0 5 7 0

ApH f j =  0 .9 3

E . P .  = 1 .6 9 3  o c . c a u s t i c  s o d a  a d d e d .

A v e r a g e  pKa  = 3 . 9 5  . ** pK^ = 1 0 . 2 2 .
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T a b le  A3. 

T i t r a t i o n  o f  b e n z i d i n e .

Volume
A dded

P o t e n 
t i o m e t 
e r  R e a d 
i n g s

A E A pH pH b f = +J ^

1 . 0 1 0 0 .1 6 1 9 - 0 . 0 1 7 3 - 0 . 3 0 2 4 .3 3 8 0 .0 0 3 6 7 0 0 .0 0 0 0 4 6 0

1 . 0 7 5 0 .1 6 9 0 - 0 . 0 1 0 2 - 0 . 1 7 8 4 .4 6 2 0 .0 0 3 9 1 0 .0 0 0 0 3 4 5

1 .1 4 0 0 .1 7 6 8 - 0 . 0 0 2 4 - 0 . 0 4 2 4 . 5 9 8 0 .0 0 4 1 5 0 .0 0 0 0 2 5 2 1

1 .2 0 5 0 .1 8 6 2 + 0 .0 0 7 0 + 0 . 1 2 2 4 .7 6 2 0 .0 0 4 3 8 0 .0 0 0 0 1 6 8 9

1 . 3 0 5 0 .1 9 6 0 + 0 .0 1 6 8 + 0 .2 9 3 4 * 9d3 0 .0 0 4 7 5 0 .0 0 0 0 1 1 6 7

1 .3 7 3 0 .2 0 4 9 + 0 .0 2 5 7 + 0 .4 4 8 5 .0 8 8 0 .0 0 5 0 0 0 .0 0 0 0 0 8 1 7

b  +[EC+] N
^ - ( b + f H 4-])

M
= N -a

L
= 2  a-N X -9  x  1 0

Y « 
x 1 0 “ 6

0 .0 0 3 7 1 6 0 .0 0 2 4 5 9 0 .0 0 0 0 8 1 0 .0 0 2 2 9 7 2 .3 2 1 .6 7

0 .0 0 3 9 4 5 0 .0 0 2 2 3 0 - 0 .0 0 0 1 4 8 0 .0 0 2 5 2 6 1 .9 3 - 2 . 5 2

0 .0 0 4 1 7 5 0 . 0 0 2 0 0 0 - 0 .0 0 0 3 7 8 0 .0 0 2 7 5 6 1 .2 5 - 5 .2 3

0 .0 0 4 3 9 7 0 .0 0 1 7 7 8 - 0 .0 0 0 6 0 0 0 .0 0 2 9 7 8 0 .8 9 - 6 .2 5

0 .0 0 4 7 6 2 0 .0 0 1 4 1 3 - 0 .0 0 0 9 6 5 0 .0 0 3 3 4 3 0 .4 6 - 8 . 7 6

0 .0 0 5 0 0 8 0 .0 0 1 1 6 7 - 0 . 0 0 1 2 1 1 0 .0 0 3 5 8 9 0 .2 9 - 9 . 3 1

h  = 0 .0 0 6 1 7 5  a  = 0 .0 0 2 3 7 8  E .P . = 1 .6 9  c c . c a u s t i c so d a
a d d e d .

P o i n t s  t a k e n  a r e  a l l  i n  s e c o n d  h a l f  o f  n e u t r a l i s a t i o n

I  i s  c o n s t a n t  a n d  = h  f i  = 0 .9 1  f g  = 0 .7 0

ft E 
ftoH

0 .0 5 7 2 5
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T a b le  B l .

d i o x a n (w/w) 1  X 10*
p o is e s

D -,25
f /cc. 4

0 0 .8 9 4 9 7 8 .5 4 0 .9 9 7 1

2 0 1 .2 9 2 6 0 .7 9 1 .0 1 4 1

3 0 1 .5 3 2 5 1 .9 0 1 . 0 2 1 0

4 0 1 .7 4 3 4 2 .9 8 1 .0 2 7 0

50 1 . 9 0 4 o4  • 26 1 .0 3 3 4

T a b le  B2.

d i o x a n (w/w) AoHCl A>KC1 A>Pot .B en z . AcB e n z .A c id

0 4 2 6 .1 6 1 4 9 .8 6 1 0 5 .8 8 3 8 2 .1

2 0 3 0 2 . 7 1 0 5 .4 0 7 3 .6 2 2 7 0 .9 2

3 0 2 4 7 .2 8 8 .0 5 6 1 .5 0 2 2 0 .6 5

4 0 2 0 1 . 0 7 3 .9 0 5 3 .0 4 1 8 0 .1 4

50 1 6 1 .0 6 2 .4 0 4 5 .6 1 1 4 4 .2 1
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T a b le  B3

POTASSIUM BENZOATE.

2 0 % d i o x a n  3 0 $  d i o x a n
c  X 1 0 4 A c x  1 0 4 A

4 .0 0 0 0 7 2 .4 5 4 .0 0 0 0 6 0 .1 7

5 .0 0 0 0 7 2 . 3 1 5 .0 0 0 0 6 0 .0 3

7 .0 0 0 0 7 2 . 0 5 7 .0 0 0 0 5 9 .7 7

1 0 . 0 0 0 0 7 1 .7 2 1 0 . 0 0 0 0 5 9 .4 5

1 5 .0 0 0 0 7 1 .2 9 1 5 .0 0 0 0 5 9 .0 1

2 0 . 0 0 0 0 7 0 .9 3 2 0 . 0 0 0 0 5 8 .6 4

2 5 .0 0 0 0 7 0 .6 2 2 5 .0 0 0 0 5 8 .3 2

b  = 7 2 .0 9 6 A . =  7 3 .6 2 b  = 6 9 .4 2 3 A * = 6 1 .5 0

4 0 ^  d i o x a n hO% d i o x a n

c x  1 0 4 A c x  1 0 ^ A

3 . 0 0 0 0 5 1 . 7 9 4 .0 0 0 0 4 3 .8 3

4 .0 0 0 0 5 1 .6 0 5 .0 0 0 0 4 3 .6 2

5 .0 0 0 0 5 1 .4 2 7 .0 0 0 0 4 3 .2 5

7 . 0 0 0 0 5 1 .1 2 1 0 . 0 0 0 0 4 2 .7 9

1 0 . 0 0 0 0 5 0 .7 5 1 5 .0 0 0 0 4 2 .1 6

1 5 .0 0 0 0 5 0 . 3 0 2 0 . 0 0 0 0 4 1 .6 3

2 0 . 0 0 0 0 4 9 . 9 7 2 5 .0 0 0 0 4 1 .1 8

b = 7 1 .7 7 2 A 0 =  5 3 .0 4 3 0 .0 0 0 0 4 0 .7 8

3 5 .0 0 0 0 4 0 .4 1

b = 7 9 .0 4 A c = 4 5 .6 1
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T a b le  B4

POTASSIUM CHLORIDE.

2 0 % d i o x a n
4c x  1 0 A

3 .0 0 0 0 1 0 3 .6 1

4 .0 0 0 0 1 0 3 .3 5

5 .0 0 0 0 1 0 3 .1 1

7 . 0 0 0 0 1 0 2 .7 1

1 0 . 0 0 0 0 1 0 2 . 2 0

1 5 .0 0 0 0 1 0 1 .5 0

2 0 . 0 0 0 0 1 0 0 .9 0

2 5 .0 0 0 0 1 0 0 .3 6

3 0 .0 0 0 0 9 9 . 8 8

b  = 8 2 . 7 8 0 A 0 =  1 0 5 .4 0

40% d i o x a n

e x  1 0 ^ A

3 . 0 0 0 0 7 2 .3 9

4 .0 0 0 0 7 2 .1 3

5 .0 0 0 0 7 1 .9 2

7 .0 0 0 0 7 1 .5 4

1 0 . 0 0 0 0 7 1 .0 8

1 5 .0 0 0 0 7 0 .4 3

2 0 . 0 0 0 0 6 9 .8 8

2 5 .0 0 0 0 6 9 .4 0

b = 8 3 .5 2 7 A 0 =  7 3 .9 0

30% d i o x a n

c x  1 0 4 A

3 .0 0 0 0 8 6 .6 7

4 .0 0 0 0 8 6 .4 2

5 .0 0 0 0 8 6 . 2 1

7 .0 0 0 0 8 5 .8 4

1 0 . 0 0 0 0 8 5 .3 8

1 5 .0 0 0 0 8 4 .7 4

2 0 . 0 0 0 0 8 4 .2 2

2 5 .0 0 0 0 8 3 .7 4

b  =  8 0 .7 3 6

LQOCOGOliQ
<

50% d io x a n

c x  1 0 ^ A

3 .0 0 0 0 6 0 .6 4

4 .0 0 0 0 6 0 .2 8

5 .0 0 0 0 5 9 .9 7

7 .0 0 0 0 5 9 .4 2

1 0 . 0 0 0 0 5 8 .7 4

1 5 .0 0 0 0 5 7 .8 0

2 0 . 0 0 0 0 5 7 .0 0

2 5 .0 0 0 0 5 6 .2 8

3 0 .0 0 0 0 5 5 .6 2

b = 9 2 .3 8 A 0 = 6 2 .4 0
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Table B5.

BENZOIC ACID

W a t e r .

Ac = 3 8 2 . 1 b = 147 . 606

c x lO 4 J Z A A x pK» p'Kc
b 0 .8 0 7 8 0 .0 0 8 9 8 2 1 6 .7 9 3 8 1 .1 0 4 .2 1 7 3 (4 .2 2 4 0 )

a 1 .4 5 5 8 0 .0 1 2 0 7 1 7 9 .6 0 3 8 0 .8 8 4 .2 1 2 9 (4 .2 2 1 3 )

b 1 .9 9 5 3 0 .0 1 4 1 3 1 6 1 .8 0 3 8 0 .7 4 4 .2 0 3 0 4 .2 1 2 4

a 2 . 9 6 0 7 0 .0 1 7 2 1 1 3 9 .4 0 3 8 0 .5 6 4 .2 0 2 8 4 .2 1 3 4

b 2 .9 8 9 5 0 .0 1 7 2 9 1 3 9 .3 2 3 8 0 .5 6 4 .1 9 9 3 4 .2 0 9 9

a 4 .4 0 6 3 0 .0 2 0 9 9 1 1 9 .3 6 3 8 0 .3 6 4 .1 9 9 0 4 .2 1 1 0

b 4 .5 5 3 1 0 .0 2 1 3 4 1 1 8 .0 5 3 8 0 .3 5 4 .1 9 6 5 4 .2 0 8 7

a 5 .6 9 4 2 0 .0 2 3 6 2 1 0 7 .5 5 3 8 0 .2 3 4 .1 9 6 4 4 .2 0 9 4

b 5 . 9 5 0 0 0 .0 2 4 3 9 1 0 5 .8 3 3 8 0 .2 0 4 .1 9 4 6 4 .2 0 7 7

a 7 . 1 7 1 5 0 .0 2 6 7 8 9 7 .7 1 3 8 0 .1 0 4 .1 9 5 3 4 .2 0 9 1

b 7 .5 9 0 0 0 .0 2 7 5 5 9 5 . 5 6 3 8 0 .0 6 4 .1 9 3 1 4 .2 0 7 2

b 9 .4 0 9 5 0 .0 3 0 6 8 8 7 .1 6 3 7 9 .9 3 4 .1 9 2 0 4 .2 0 7 0

A v e ra g e  v a l u e , pK = 4 . 2 1 0 - 0 . 0 0 2 .

c x  1 0 4 A A x S u pK» p x c
0 . 0 0 6 2 8 7  0 . 0 7 9 2 9  36 .7 1 1  3 7 8 .4 6 0 .0 0 5 6 7 7 4 .1 8 3 7 4 .2 0 8 8

0 . 0 0 9 7 2 2  0 . 0 9 8 6 0  29 .7 7 7  3 7 8 .0 2 0 .0 0 8 9 5 6 4 .1 8 3 9 4 .2 1 2 1

0 . 0 1 1 9 8  . 0 . 1095 26 .9 3 6  3 7 7 .7 9 0 .0 1 1 1 3 4 .1 8 3 1 4 .2 1 2 9

0 . 0 1 4 3 4  0 .1 1 9 8  2 4 .6 7 9  3 7 7 .5 8  0 .0 1 3 4 0  4 .1 8 3 4  4 .2 1 4 6

E x t r a p o l a t i o n  o f  pKc v s .  Cu , pK -  4 . 2 0 5 - 0 . 0 0 1
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Table B6.

BENZOIC ACID

20% d i o x a n

A 0 = 2 7 0 .9 2 b  = 138 .4 2

a
e x lO 4
0 .7 6 8 1  0 .0 0 8 7 6

A
9 1 .5 3

A x
2 7 0 .2 1

pK!
4 .8 7 5 3

p K c
4 .8 8 2 9

b 1 .0 9 0 7  0 .0 1 0 4 4 8 1 .3 2 2 7 0 .1 2 4 .8 4 2 9 4 .8 5 1 5

a 1 .8 1 2 6  0 .0 1 3 4 6 6 4 .7 1 2 7 0 .0 1 4 .8 6 3 5 4 .8 7 3 4

b 2 .3 0 0 3  0 .0 1 5 1 7 5 9 .3 2 2 6 9 .9 4 4 .8 4 6 6 4 .8 5 7 2

a 2 . 8 6 4 4  0 .0 1 6 9 2 5 3 .1 5 2 6 9 .8 8 4 .8 5 9 1 4 .8 7 0 4

b 3 .8 3 7 3  0 .0 1 9 5 9 4-7.180 2 6 9 .7 9 4 .8 4 7 0 4 .8 5 9 3

a 4 .3 8 8 7  0 .0 2 0 9 5 4 3 .9 8 8 2 6 9 .7 5 4 .8 5 5 6 4 .8 6 8 3

b 5 . 6 7 1 8  0 .0 2 3 8 1 3 9 .4 5 5 2 6 9 .6 6 4 .8 4 7 0 4 .8 6 0 6

a 6 .0 6 4 8  0 .0 2 4 6 3 3 7 .9 9 1 2 6 9 .6 4 4 .8 5 3 4 4 .8 6 7 3

a 8 . 2 2 8 8  0 .0 2 8 6 7 3 3 •0 2 6 2 6 9 .5 3 4 .8 5 1 7 4 .8 6 6 7

b 1 0 .2 4 7  0 .0 3 2 0 1 2 9 .9 7 6 2 6 9 .4 4 4 .8 4 5 6 4 .8 6 1 5

a 1 1 .0 3 1  0 .0 3 3 2 1 2 8 .7 9 9 2 6 9 .4 2 4 .8 5 0 4 4 .8 6 6 6

b 1 2 .9 0 5  0 .0 3 5 9 2 2 6 .8 8 7 2 6 9 .3 5 4 .8 4 5 1 4 .8 6 2 1

A v e r a g e  v a l u e 1 9 pK = '4 . 8 6 5 ^ 0 .0 0 4

c x lO 4  sjo ' A A x Cu pK* pK^

0 . 0 1 5 6 8  0 .1 2 5 2  7 .9 9 2 2 6 7 .9 3 0 .0 1 5 2 2 4 .8 4 2 1 4 .8 7 4 5

0 . 0 3 8 7 6  0 . 1 9 6 9  5 .0 5 2 2 6 7 .1 7 0 .0 3 8 0 3 4 .8 5 0 1 4 .8 9 0 5

0 . 0 4 8 3 9  0 .2 1 9 8  4 .4 9 5 2 6 6 .9 7 0 .0 4 7 5 8 4 .8 5 5 3 4 .8 9 7 9

0 . 0 7 6 6 1  0 .2 7 6 8  3 .5 1 1 2 6 6 .5 2 0 .0 7 5 6 0 4 .8 7 0 6 4 .9 1 8 1

E x t r a p o l a t i o n  o f pK v s .  c Cu , PK - 4 . 8 6 3 - 0 . 0 0 1 .



Table B7.

BENZOIC ACID

3 0 % d i o x a n

A o =  2 2 0 .6 5

c x lO 4 A
a 3 .1 5 2 6 0 .0 1 7 7 6 2 7 .4 4 3

b 3 .8 7 2 3 0 .0 1 9 6 8 2 6 .1 1 8

a 5 .2 3 9 1 0 .0 2 2 8 9 2 1 .5 4 9

b 6 .2 0 7 1 0 .0 2 4 9 1 2 0 .1 5 5

a 7 .5 4 8 7 0 .0 2 7 4 8 1 8 .0 8 6

b 8 .1 6 5 4 0 .0 2 8 5 7 1 7 .6 3 8

a 9 . 5 0 2 8 0 .0 3 0 8 3 1 6 .1 8 9

b 1 0 .6 5 7 0 .0 3 2 6 5 1 5 .4 8 9

a 1 1 .3 7 0 0 .0 3 3 7 2 1 4 .8 4 6

b 1 3 .7 2 9 0 .0 3 7 0 5 1 3 .6 8 2

a 1 4 .7 6 7 0 .0 3 8 4 3 1 3 .0 8 0

b 2 2 .4 1 7 0 .0 4 7 3 5 1 0 .6 3 2

A v e ra g e  v a l u e ,  pK = 5

c x  1 0 4 J " c A A x
0 . 0 1 3 2 7 0 .1 1 5 2 4 .4 4 9 6 2 1 8 .3 9

0 .0 3 0 9 2 0 . 1 7 5 8 2 .9 0 5 3 2 1 7 .8 6

0 .0 4 4 9 5 0 . 2 1 2 0 2 .3 8 0 3 2 1 7 .6 1

0 .0 5 7 1 5 0 . 2 3 9 1 2 .1 1 1 5 2 1 7 .4 2

0 .0 6 2 5 1 0 . 2 5 0 0 2 .0 1 2 3 2 1 7 .3 5

0 .0 6 8 5 9 0 .2 6 1 9 1 .9 1 1 2 2 1 7 .2 8

E x t r a p o l a t i o n  o f  pKc v s .

107.

b = 1 3 7 . 24

A x pK* P K c
2 1 9 .7 9 5 .2 5 0 6 5 .2 6 2 5

2 1 9 .7 2 5 .2 0 6 9 5 .2 1 9 8

2 1 9 .6 7 5 .2 5 2 6 5 .2 6 6 2

2 1 9 .6 1 5 .2 3 9 8 5 .2 5 4 2

2 1 9 .5 7 5 .2 5 3 3 5 .2 6 8 2

2 1 9 .5 4 5 .2 4 1 8 5 .2 5 7 1

2 1 9 .5 0 5 .2 5 3 3 5 .2 6 9 2

2 1 9 .4 6 5 .2 4 3 3 5 .2 5 9 7

2 1 9 .4 5 5 .2 5 3 3 5 .2 6 9 9

2 1 9 .3 8 5 .2 4 4 5 5 .2 6 2 0

2 1 9 .3 6 5 .2 5 3 1 5 .2 7 0 9

2 1 9 .2 2 5 .2 5 6 4 5 .2 7 6 1

2 6 5 - 0 . 0 0 5 .

Cu pK* pKc
0 .0 1 3 0 0 5 .2 4 9 5 5 .2 8 0 7

0 .0 3 0 5 1 5 .2 5 3 9 5 .2  924

0 .0 4 4 4 7 5 .2 6 4 5 5 .3 0 6 5

0 .0 5 6 6 0 5 .2 6 4 1 5 .3 0 8 8

0 .0 6 1 9 3 5 .2 6 7 0 5 .3 1 2 6

0 .0 6 7 9 9 5 .2 7 1 3 5 .3 1 7 9

Cu , pK = 5 .2 7 2 - 0 . .0 0 1 .



Table B8

BENZOIC ACID

40/0 d i o x a n

A o  = 1 8 0 .1 4

b
c x lO ^

3 .0 4 1 4 0 .0 1 7 4 4
A

1 2 .4 8 0

b 5 .8 8 7 8 0 .0 2 4 2 7 9 .1 8 9

a 5 .9 7 5 4 0 .0 2 4 4 4 9 .2 1 5

a 1 0 .2 5 6 0 .0 3 2 0 3 7 .1 3 6

b 1 2 .1 5 1 0 .0 3 4 8 6 6 .5 2 3

b 1 8 .3 9 5 0 .0 4 2 8 9 5 .3 4 1

a 1 9 .2 4 7 0 .0 4 3 8 7 5 .2 7 1

a 2 3 .6 1 1 0 .0 4 8 6 0 4 .7 7 1 4

h 2 5 .7 8 5 0 .0 5 0 7 8 4 .5 4 6 5

a 3 0 . 0 0 9 0 .0 5 4 7 8 4 .2 4 8 2

b 3 4 .6 1 2 0 .0 5 8 8 3 3 .9 4 0 9

a 3 7 .2 4 0 0 .0 6 1 0 3 3 .8 2 3 6

b 4 1 .1 4 8 0 .0 6 4 1 5 3 .6 2 2 4

a 4 6 .0 9 9 0 .0 6 7 9 0 3 .4 4 3 3

b 5 0 .5 9 9 0 .0 7 1 1 3 3 .2 7 3 9

A v e r a g e  v a l u e ,  pK = 5

c x lO ^ o 
1

A A x
0 .0 1 3 2 3 0 .1 1 5 0 2 .0 3 4 7 1 7 8 .3 8

0 .0 4 4 5 5 0 . 2 1 1 1 1 . 1 0 1 0 1 7 7 .7 5

0 .0 6 7 7 0 0 .2 6 0 2 0 .8 8 4 5 1 7 7 .5 0

0 .0 9 1 7 8 0 .3 0 3 0 0 .7 5 1 7 1 7 7 .3 1

EE x t r a p o l a t i o n  o f P ^ c v s . 1

108.

b = 1 4 3 .6 4

A x pK 1 PKC
1 7 9 .4 8 5 .8 0 1 2 ( 5 .8 1 2 8 )

1 7 9 .3 5 5 .7 8 8 0 5 .8 0 1 9

1 7 9 .3 4 5 .7 7 9 1 5 .7 9 3 0

1 7 9 .2 2 5 .7 7 1 3 5 .7 8 7 4

1 7 9 .1 8 5 .7 7 8 0 5 .7 9 4 7

1 7 9 .0 8 5 .7 7 1 6 5 .7 9 0 3

1 7 9 .0 6 5 .7 6 4 8 5 .7 8 3 7

1 7 9 .0 0 5 .7 6 3 4 5 .7 8 3 6

1 7 8 .9 6 5 .7 6 7 6 5 .7 8 8 0

1 7 8 .9 3 5 .7 6 1 3 5 .7 8 4 6

1 7 8 .8 9 5 .7 6 5 1 5 .7 8 7 0

1 7 8 .8 6 5 .7 5 9 7 5 .7 8 2 1

1 7 8 .8 3 5 .7 6 3 7 5 .7 8 6 6

1 7 8 .7 9 5 .7 5 8 6 5 .7 8 2 3

1 7 8 .7 6 5 .7 6 2 3 5 .7 8 6 5

7 8 8 i o . 0 0 4

pK» PKC
0 .0 1 3 0 8 5 .7 5 9 1 5 .7 9 0 0

0 .0 4 4 2 7 5 .7 6 4 6 5 .8 0 6 5

5 .0 6 7 3 6 5 .7 7 2 2 5 .8 1 8 4

0 .0 9 1 3 9 5 .7 8 0 8 5 .8 3 0 5

> pD = 5 . 7841*0.001.
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Table B9

BENZOIC ACID

50% d i o x a n .

A *  = 144 . 2 1 b  = 157 .3 8
c x lO 4 A A x pK* pKca 3 .0 1 6 2 0 .0 1 7 3 7 5 .7 9 4 1 4 3 • 6 6 6 .2 9 1 4 ( 6 .3 0 3 8 )

a 5 .8 0 0 8 0 .0 2 4 0 9 3 .8 3 2 9 1 4 3 .5 9 6 .3 7 3 0 6 .3 8 6 9

b 6 .2 3 4 0 0 .0 2 4 9 7 3 .7 4 8 3 1 4 3 .5 8 6 .3 6 0 3 6 .3 7 4 5

a 9 .4 5 8 9 0 .0 3 0 7 6 3 .0 2 2 1 1 4 3 .5 1 6 .3 6 8 1 6 .3 8 3 8

b 1 2 .3 4 4 0 .0 3 5 1 3 2 .6 8 4 6 1 4 3 .4 5 6 .3 5 7 0 6 .3 7 4 0

a 1 3 .1 1 8 0 .0 3 6 2 2 2 .5 7 5 5 1 4 3 .4 5 6 .3 6 7 0 6 .3 8 4 0

a 2 0 .1 8 5 0 .0 4 4 9 3 2 .0 8 1 5 1 4 3 .3 6 6 .3 6 4 7 6 .3 8 3 9

b 2 2 .1 4 9 0 .0 4 7 0 6 2 .0 1 6 5 1 4 3 .3 3 6 .3 5 3 0 6 .3 7 2 7

b 2 7 .9 0 8 0 .0 5 2 8 3 1 .7 9 8 4 1 4 3 .2 8 6 .3 5 1 4 6 .3 7 2 3

a 2 9 .4 1 7 5 0 .0 5 4 2 4 1 .7 3 1 5 1 4 3 .2 7 6 .3 6 1 6 6 .3 8 2 6

b 3 2 .7 6 2 0 .0 5 7 2 4 1 .6 6 3 0 1 4 3 .2 4 6 .3 4 9 9 6 .3 7 1 7

b 4 1 .1 7 5 0 .0 6 4 1 7 1 .4 8 5 3 1 4 3 .1 8 6 .3 4 9 0 6 .3 7 2 1

A v e ra g e  v a l u e ,  pK = 6 . 3 7 8 - 0 . 0 0 6 .

c x  1 0 4 a/"c A Cu pK» PKC
0 .0 1 9 6 8 0 .1 4 0 3 0 .6 7 0 6 1 4 2 .7 0 0 .0 1 9 5 8 6 .3 5 9 9 6 .3 9 3 9

0 .0 2 5 6 1 0 .1 6 0 0 0 .5 8 9 3 1 4 2 .5 9 0 .0 2 5 5 1 6 .3 5 7 3 6 .3 9 3 7

0 .0 3 8 6 9 0 .1 9 6 7 0 .4 7 6 0 4 1 4 2 .4 2 0 .0 3 8 5 6 6 .3 6 2 8 6 .4 0 3 0

0 .0 4 9 8 5 0 .2 2 3 3 0 .4 1 8 3 9 1 4 2 .3 0 0 .0 4 9 7 1 6 .3 6 4 3 6 .4 0 7 0

0 .0 6 0 6 4 0 .2 4 6 3 0 .3 7 9 0 5 1 4 2 .2 1 0 .0 6 0 4 8 6 .3  64 6 6 .4 0 9 5

0 .0 7 0 2 2 0 . 2 6 5 0 0 .3 5 1 9 4 1 4 2 .1 3 0 .0 7 0 0 4 6 .3 6 4 9 6 .4 1 1 5

0 . 0 8 6 3  6 0 .2 9 3 9 0 .3 1 5 5 9 1 4 2 .0 3 0 .0 8 6 1 6 6 .3 6 9 3 6 .4 1 8 2

E x t r a p o l a t i o n  o f  pKc v s .  Cu , pK = 6 .3 8 5 - 0 .0 0 2 .
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A o l
% d i o x a n  (w/ w )  

0  

20  

30  

40  

50

pK

fo d i o x a n  (w/*w) 

0  

20 
3 0  

40  

50

Table BIO

KC1 KBz

1 .3 4 1 6 0 .9 4 7 5 2

1 .3 6 1 8 0 .9 5 1 1 7

1 .3 4 8 9 0 .9 4 2 1 8

1 .2 2 8 1 0 .9 2 4 4 9

1 .1 8 8 1 0 .8 6 8 4 1

T a b le  B l l

M ethod  1 

4 * 2 1 0 - 0 .0 0 2  

4 . 8 6 5 - 0 . 0 0 4  

5 . 2 6 5 - 0 . 0 0 5  

5 . 7 8 8 - 0 . 0 0 4  

6 . 3 7 8 - 0 . 0 0 6

BBz

3 .4 1 9 4

3 .5 0 0 3

3 .3 8 0 4

3 .1 3 9 8

2 .7 4 5 8

M ethod  2 

4 .2 0 5 * 0 .0 0 1  

4 .8 6 3 * 0 .0 0 1  

5 .2 7 2 * 0 .0 0 1  

5 .7 8 4 * 0 .0 0 1  

6 .3 8 5 * 0 .0 0 2
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T h r o u g h o u t  t h e  t a b l e s  f o r  S e c t i o n . ^

X = E + 2 k  l o g  m -  2kA1 

Y = (E -  E °  + 2k l o g  m)/J~jx

2 .3 0 3 R T
k  = -----    = .0 5 9 1 6

P

D e b y e -H f tck e l  C o n s t a n t s ,  A! 

% d i o x a n  A1

0 .5 0 8 4

20  .7 5 2 9

3 0  .9 5 7 9

40  1 .2 7 4 6

50  1 .7 9 5 5

, P a r t  2
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T a b le  C l 

W ate r

Q u in h y d r o n e  e l e c t r o d e

C E x

.0 0 4 9 9 2  .2 0 1 6  .4 7 8 2

.0 0 9 9 8 5  .2 3 5 5  .4 7 8 2

.0 1 9 9 7  .2 6 9 3  .4 7 8 9

.0 3 9 9 4  .3 0 3 3  .4 8 0 8

.0 4 9 7 6  .3 1 3 7  .4 8 1 3

.0 4 9 9 3  .3 1 4 0  .4 8 1 5
•0 9 9 8 5  .3 4 7 7  .4 8 5 1
•0 9 9 8 5  .3 4 7 2  .4 8 4 6
•1 9 9 7  .3 8 1 2  .4 9 0 9

E x t r a p o l a t e d  vaL u e  o f  E °  = . 4 7 7 1 .

m E X

.0 3 0 8 3

.0 5 8 4 6

.1 1 5 6 1

.2 9 0 4

.3 2 1 2

.3 5 3 9

.4 7 9 7

.4 8 1 7

.4 8 5 2

E x t r a p o l a t e d  v a l u e  o f  E °  = .4 7 7 0

mKHBz2  mKCl E
.0 0 2 1 1 1  .0 0 5 0 0 7  .0 9 2 0
.0 0 6 5 6 7  .0 0 6 9 6 6  .1 0 1 1
.0 0 9 9 9 3  .0 2 3 7 0  .1 3 3 0
.0 1 0 8 7  .0 1 1 5 3  .1 1 4 4
.0 1 9 8 4  .0 4 7 0 6  .1 4 9 8
.0 2 1 0 7  .0 2 2 3 5  .1 3 1 1

A v e r a g e  pK = 4 . 1 8 9 .

Y x  103

.2 4 5

.5 1 9

.9 8 9
1 .7 2 2
2 .1 2 4
2 .0 9 8
3 .5 7 4
3 .7 3 2
5 .9 9 7

Y x  10 3

1 .3 7 4
2 .3 9 4
4 .1 5 8

pK*

4 .1 8 2
4 .1 8 9
4 .1 8 4
4 .1 8 5  
4 . 2 0 1  
4 .1 9 4
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T a b le  C3 

30% d i o x a n .

Q u in h y d r o n e  e l e c t r o d e

m E x  Y x  1 0 2

• 0 2 1 0 7  .3 0 8 7  .5 2 3 0  ' .2 2 8
.0 3 4 0 6  .3 3 5 0  .5 2 9 6  .2 5 1
•0 3 6 9 0  .3 3 7 7  .5 2 8 6  .2 9 6
•0 4 6 7 7  .3 4 9 5  .5 3 1 0  .3 4 2
• 0 5 9 7 6  .3 6 0 1  .5 3 2 2  .4 3 4
•0 6 4 7 3  .3 6 5 0  .5 3 4 5  .4 2 3
.0 9 1 5 9  .3 8 0 0  .5 3 6 9  . 5 9 7
•1 0 1 5  .3 8 4 3  .5 3 8 0  .6 5 0
•1 3 0 5  .3 9 5 8  .5 4 1 1  .7 9 8

E x t r a p o l a t i o n  v a l u e  E °  = . 5 2 2 3 .

mKHBz2  E pKf

.0 3 2 8 2  .0 3 1 2 5  .1 2 3 5  5 .2 3 6

.0 3 7 0 7  .0 3 4 5 3  .1 2 4 4  5 .2 6 4
•0 5 5 9 5  .0 5 3 2 8  .1 3 4 5  5 .2 8 2
.0 7  685 .0 7 1 6 0  .1 4 3 2  5 .2 6 3
• 1 1 3 4  .1 0 5 7  .1 5 5 6  5 .2 2 2
•1 1 3 9  .1 0 7 6  .1 5 2 0  5 .2 9 1

A v e r a g e  v a l u e  pK = 5 . 2 6 .
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Table C4

40% d i o x a n .

m E X Y x  10 :

.0 2 9 6 3 .3 4 2 6 .5 4 9 0 .2 7 2•0 3 3 5 3 .3 4 5 3 .5 4 7 0 .3 5 5.0 3 9 5 4 • 3 5 6 6 .5 5 1 8 .3 3 7.0 5 5 2 3 .3 7 1 5 .5 5 5 4 .4 4 2.0 7 8 2 4 .3 8 7 9 .5 6 0 7 .5 6 7.1 0 9 7 .4 0 2 5 .5 6 5 8 .7 6 1
. 1 2 0 4 .4 0 5 5 .5 6 6 4 .8 5 9
.1 5 8 9 .4 1 5 6 .5 7 0 0 1 .1 3 7

E x t r a p o l a t i o n  v a l u e  E °  = .5 3 8 8

mKHBz2 mKCl E pfC*

.0 2 4 7 4 .0 1 9 7 6 .1 0 0 6 5 .7 0 3

.0 3 7 6 2 .0 3 0 0 5 .1 1 2 6 5 .6 8 2

.0 5 1 8 9 .0 5 7 4 2 .1 2 8 1 5 .7 0 1

.0 7 8 5 7 .0 8 6 9 4 .1 3 7 5 5 .7 2 3

.0 8 3 3 4 .0 6 6 5 7 .1 2 9 1 5 .7 4 9

A v e r a g e  v a l u e  pK «  5 . 7 2 .
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T a b le  C5 

50% d i o x a n .  

Q u in h y d r o n e  e l e c t r o d e

m E X Y x  1 0 2

.0 4 1 9 2  .3 7 5 5  .5 8 1 6  .4 9 9

.0 7 4 6 5  .4 0 2 9  .5 9 4 0  .7 2 5

.0 8 5 2 4  .4 0 4 8  .5 9 3 1  .9 1 9
•1 3 8 5  .4 2 8 8  .6 0 9 3  1 .2 0 8
•1 6 4 4  .4 3 5 7  .6 1 4 5  1 .3 8 8

E x t r a p o l a t i o n  v a l u e  E °  = .5 6 2 5 .

“ KHBZg ^K C l E pK»

.0 5 6 1 2 .0 4 9 7 7 .1 1 7 4 6 . 2 2 1

. 0 5 7 5 4 .0 5 6 7 5 .1 2 1 6 6 .2 0 7

.0 8 2 7 1 .0 8 1 5 8 .1 4 2 7 6 .0 0 8

.1 0 8 7 .0 9 6 4 3 .1 4 0 2 6 .1 2 3

.1 4 2 2 .1 4 0 2 .1 5 4 7 6 .0 4 0

A v e r a g e  v a l u e  pK = 6 . 1 2 .
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T a b le  C6 

W a te r

H y d ro g e n  E l e c t r o d e

m E X Y x  103

0 0 2 1 7 0 .5 3 9 9 . 2 2 2 0 . 1 1 0
0 0 5 2 6 1 .4 9 5 7 .2 2 1 7 .2 6 5
0 0 6 0 5 9 .4 8 8 7 .72216 .3 0 5
0 0 8 5 5 8 .4 7 1 6 . 2214 .4 2 2
0 1 0 5 5 .4 6 1 3 . 2 2 1 2 .5 1 5
0 2 7 3 2 .4 1 4 5 .2 1 9 6 1 .1 7 4

E x t r a p o l a t i o n  v a l u e  E °  = .2 2 2 2

mKHBz2 mKCl
I E pK'

.0 0 6 3 5 1 .0 0 6 4 5 1 .0 1 2 8 9 .6 0 0 2 4*191

.0 0 8 2 2 4 .0 0 8 3 5 3 .0 1 6 6 4 .5 9 4 7 4 .2 1 2

.0 1 4 4 6 .0 1 4 6 8 .0 2 9 2 0 .5 7 9 4 4 .2 0 1

.0 1 7 9 0 .0 1 8 0 9 .0 3 6 0 5 .5 7 4 1 4 .2 0 3

.0 2 3 3 0 .0 2 3 6 7 .0 4 7 0 3 .5 6 7 4 4 .2 0 7

A v e r a g e  pK = 4 . 2 0 3 .
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T a b le  G7 

2 0 $  d i o x a n

H y d ro g e n  e l e c t r o d e

m E X Y x  103

0 0 3 0 8 2 .5 0 5 6 .2 0 2 7 .2 5 0
0 0 3 7 9 8 .4 9 4 5 .2 0 2 6 .3 0 9
0 0 6 5 4 5 .4 6 7 9 .2 0 2 3 • 516
0 0 8 4 2 9 .4 5 5 6 . 2 0 2 0 .6 5 0
0 1 0 1 2 .4 4 6 8 .2 0 1 8 .7 7 2

E x t r a p o l a t i o n  v a l u e  E °  = . 2 0 3 2 .

mKHBz2 mKCl I E pK 1

.0 0 6 0 9 0 .0 0 5 9 9 1 .0 1 2 0 9 .6 2 2 9 4 .8 7 0

.0 1 0 0 3 . 0 1 0 0 2 .0 2 0 0 7 .6 1 0 0 4 .8 7 6

.0 1 6 0 5 .0 1 7 4 5 .0 3 3 5 1 .5 9 5 8 4 .3 7 7

.0 2 2 4 0 .0 2 2 0 4 .0 4 4 4 5 .5 9 0 1 4 .3 8 3
.0 2 7 6 5 .0 2 7 6 2 .0 5 5 2 9 .5 8 4 7 4 .8 9 0

E x t r a p o l a t i o n  v a l u e  pK = 4 . 8 6 4 .
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Table 08

30% d i o x a n .  

H y d ro g e n  e l e c t r o d e

m E X Y x  103

.0 0 5 2 0 9 .4 6 7 5 . 1392 .5 3 1

.0 0 8 5 4 2 .4 4 3 8 .1 3 8 6 .8 3 7

.0 0 9 2 9 7 .4 3 9 7 .1 8 8 4 .8 9 9

.0 1 3 8 4 .4 2 1 1 .1 8 7 3 1 .3 1 2

E x t r a p o l a t i o n  v a l u e  E °  = .1 9 0 0

P l a t i n u m  e l e c t r o d e

mKHBz2 mKCl I E pK»

.0 1 7 3 1 .0 1 7 6 7 .0 3 4 9 9 .6 0 7 1 5 .2 9 8

.0 2 2 8 0 .0 2 4 1 2 .0 4 6 9 2 .5 9 9 6 5 .3 0 6

.0 3 9 8 6 .0 3 7 4 3 .0 7 7 2 9 .5 8 8 4 5 .3 0 8

.0 5 0 8 0 .0 5 1 8 6 .1 0 2 6 .5 7 9 6 5 .2 9 1

.0 5 3 4 7 .0 5 6 5 7 . 1 1 0 0 .5 7 8 8 5 .3 2 5

.0 6 3 1 5 .0 6 2 9 9 .1 2 6 1 .5 7 6 8 5 .3 3 7

.0 7 7 8 2 .0 8 0 8 1 .1 5 8 6 .5 7 0 5 5 .3 3 9

E x t r a p o l a t i o n  v a l u e p k  *** 5 .2 8 8 .

P a l l a d i u m  e l e c t r o d e

mKHBz2 mKCl I E pK*

.0 1 1 5 2 .0 1 1 4 4 .0 2 2 9 6 . 6189 5 .3 0 8

.0 1 4 4 0 .0 1 4 2 7 .0 2 8 6 7 .6 1 3 3 5 .3 1 0

.0 2 9 2 7 .0 2 9 0 8 .0 5 8 3 5 .5 9 6 0 5 . 3 2 6

.0 4 0 3 6 .0 3 9 9 9 .0 8 0 3 5 .5 8 8 4 5 .3 3 6

E x t r a p o l a t i o n  v a l u e  pK * 5 # 2 9 6 .
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T a b l e  G9 

4:0% d i o x a n .  

H y d ro g e n  e l e c t r o d e

m E X
.0 0 3 6 9 5 .4 7 0 0 .1 7 2 9
.0 0 6 1 4 1 .4 4 5 8 .1 7 2 1
.0 1 0 4 3 .4 2 1 3 .1 7 1 3
.0 1 2 8 8 .4 1 1 7 . 1708

E x t r a p o l a t i o n  v a l u e E °  «  .1736S.

P l a t i n u m e l e c t r o d e

mKHBz2 “ k c i
I E

.0 2 4 3 3 .0 1 7 6 0 .0 4 1 9 3 .6 2 0 2

.0 4 8 7 4 .0 4 7 5 7 .0 9 6 3 1 .5 9 5 8

.0 6 2 7 1 .0 4 5 3 8 .1 0 8 1 .5 9 7 1

.0 9 4 9 6 .0 7 6 7 6 .1 7 1 7 .5 8 3 8

E x t r a p o l a t i o n  v a l u e pK ^  5 .8 0 2 •

P a l l a d i u m e l e c t r o d e

mKHBz2 “ k c i
I E

.0 0 9 8 5 2 .0 0 9 7 1 8 .0 1 9 5 7 .6 3 5 4

.0 1 6 0 7 .0 1 5 8 5 .0 3 1 9 2 .6 2 3 8

.0 2 1 4 7 .0 2 0 9 0 .0 4 2 3 7 .6 1 6 4

.0 2 4 0 1 .0 2 3 3 6 .0 4 7 3 7 .6 1 3 6

.0 3 2 3 0 .0 3 1 8 6 .0 6 4 1 6 .6 0 6 0

x  1 0 3 
.523  
.8 2 4  

1 .3 5 0  
1 .6 4 0

pK !

5 .7 9 1
5 .8 1 1
5 .8 1 2  
5 .8 1 6

pKf

5 .7 9 0
5 .8 0 7
5 .8 0 2
5 .8 0 3  
5 .8 0 9

E x t r a p o l a t i o n  v a l u e  pK = 5 . 7 8 9 .
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T a b le  CIO 

50% d i o x a n .

H y d ro g e n  e l e c t r o d e

m E X

.0 0 2 1 5 1 .4 7 5 6 .1 5 0 2

.0 0 3 2 3 4 .4 5 6 4 .1 4 9 7

.0 0 5 0 2 9 .4 3 5 6 .1 4 8 6

.0 0 7 8 9 7 .4 1 5 2 .1 4 7 6

.0 0 9 2 9 4 .4 0 8 3 .1 4 7 4

.0 0 9 3 0 5 .4 0 7 9 .1 4 7 1

.0 1 4 1 6 .3 8 9 9 .1 4 5 9

.0 1 4 3 3 .3 8 9 3 .1 4 5 7

.0 2 0 0 4 .3 7 4 9 .1 4 3 9

.0 2 1 4 3 .3 7 2 3 . 1437

.0 2 2 5 0 .3 7 0 0 .1 4 3 2

E x t r a p o l a t i o n  v a l u e E °  = .1 5 0 8 .

P l a t i n u m e l e c t r o d e

mKHBz2 mKCl I E

.0 3 8 7 5 .0 3 4 9 2 .0 7 3 6 7 .6 1 3 8

.0 4 2 5 3 .0 3 8 4 3 .0 8 0 9 6 .6 1 1 5

.0 7 4 1 9 .0 6 8 9 3 .1 4 3 1 .5 9 8 0

.0 8 5 7 2 .0 7 7 4 7 .1 6 3 2 .5 9 5 1

.1 1 5 3 .1 0 3 9 .2 1 9 2 .5 8 9 2

Y x  10'

.4 2 2

.6 1 7

.9 0 3
1 .3 8 0
1 .6 3 8
1 .6 0 7
2 .4 0 9
2 .4 2 6
3 .2 6 7
3 .5 0 1
3 .6 2 0

6 .

6 .

6 .

6 .
6 .

E x t r a p o l a t i o n  v a l u e  pK = 6 .3 4 2 .

P a l l a d i u m  e l e c t r o d e

mKHBz2 “ KOI
I E

.0 1 0 6 8 .0 1 0 5 7 .0 2 1 2 5 .6 4 2 6

.0 2 3 8 5 .0 2 3 6 7 .0 4 7 5 1 .6 2 4 6

.0 2 8 7 2 .0 2 8 4 1 .0 5 7 1 3 .6 1 9 1

.0 5 1 8 6 .0 5 1 4 7 .1 0 3 3 .6 0 5 1

E x t r a p o l a t i o n  v a l u e  pK ^ 6 . 3 4 2 .

pK*

369
372
398
399 
427

pK !

337
383
369
391



Table D1

Benzoic Acid

I n  W a t e r .

m pH PKX
.0 0 3 5 6 0 4 .1 9 2 4 .2 2 2
.0 0 3 9 2 9 4 .1 8 8 4 .2 2 0
.0 0 6 0 0 6 4 .1 8 1 4 .2 2 0
.0 0 8 7 5 9 4 .1 6 5 4 .2 1 3
.0 1 0 8 4 4 .1 6 5 4 .2 1 8
.0 1 3 3 6 4 .1 5 0 4 .2 0 9
.0 1 6 7 9 4 .1 4 7 4 .2 1 1
.0 1 9 1 0 4 .1 5 0 4 .2 2 0

A v e r a g e 4 .2 1 7

pKg P % p K 4
4 .2 2 0 4 .2 0 4 4 . 2 0 4
4 .2 1 7 4 .2 0 3 4 . 2 0 3
4 .2 1 8 4 .2 0 8 4 . 2 0 7
4 .2 0 9 4 .2 0 2 4 . 2 0 0
4 .2 1 3 4 .2 0 8 4 . 2 0 6
4 .2 0 3 4 .1 9 8 4 .1 9 6
4 .2 0 4 4 .2 0 0 4 . 1 9 8
4 . 2 1 2 4 .2 0 9 4 . 2 0 6

4 .2 1 2 4 .2 0 4 4 .2 0 3

I n  4 0 % d i o x a n

m pH P %

.0 0 9 1 9 6 5 .6 0 3 5 .7 2 5 5 .7 1 5 5 .7 1 2

.0 1 1 8 6 5 .5 7 8 5 .7 1 7 5 .7 0 3 5 .6 9 9

.0 2 2 4 1 5 .5 5 4 5 .7 4 5 5 .7 2 0 5 .7 1 3

.0 3 3 8 5 5 .5 2 7 5 .7 6 1 5 .7 2 5 5 .7 1 5

.0 4 0 1 9 5 .5 2 9 5 .7 8 5 5 .7 4 2 5 .7 3 0

.0 4 4 3 2 5 .5 1 5 5 .7 8 3 5 .7 3 8 5 .7 2 5

.0 6 3 1 4 5 .5 1 2 5 .8 3 2 5 .7 6 8 5 .7 5 3

.0 6 6 6 8 5 .4 9 7 5 .8 2 6 5 .7 5 9 5 .7 4 2

A v e r a g e 5 .7 7 2 5 .7 3 4 5 .7 2 4

E x t r a p o l a t e d v a l u e 5 .6 9 4 5 .6 9 0 5 .6 9 0



Table D2

Benzoic Acid in 2 0 % dioxan.

m pH pK
3

004966 4 .7 9 1 4 .S 3 8
007678 4 . 7 7 6 4 .8 3 5
008592 4 . 7 8 0 4 .8 4 2
01016 4 .7 7 3 4 .8 4 1
01188 4 . 7 6 2 4 .8 3 5
01224 4 .7 7 1 4 .8 4 5
01609 4 . 7 6 4 4 .8 4 8
01612 4 . 7 5 8 4 .8 4 2
01704 4 .7 6 7 4 .3 5 3
02010 4 . 7 6 1 4 . 8 5 4
02280 4 . 7 4 9 4 . 8 4 7
02490 4 .7 5 3 4 .8 5 3
02589 4 .7 4 7 4 .8 5 3

E x t r a p o l a t e d  pK = 4 . 8 3 1 .

T a b le  D3

B e n z o ic A c id  i n  30# d i o x a n .

m pH pK3

003967 5 .1 9 9 5 .2 5 4
004163 5 .2 0 4 5 .2 6 1
008436 5 . 1 6 9 5 .2 4 9
008728 5 .1 6 4 5 .2 4 5
009929 5 .1 6 6 5 .2 5 2
01004 5 . 1 5 7 5 .2 4 4
01933 5 .1 5 6 5 .273
02218 5 .1 3 6 5 .2 6 0
02465 5 .1 3 8 5 .268
02565 5 .1 3 7 5 .2 6 9
03067 5 . 1 2 6 5 .2 6 9
03264 5 .1 2 9 5 .2 7 6
03517 5 .1 2 5 5 .2 7 6
04053 5 .1 3 1 5 .2 9 2
04269 5 .1 2 4 5 .288
04780 5 .1 1 2 5 .2 8 4

E x t r a p o l a t e d  pK = 5 . 2 3 0 .



Table D4.

Benzoic Acid in 50# dioxan.

m pH pK

00 8 0 7 3 6 .0 5 7 6 .2 0 5
0 1 5 2 2 6 .0 3 2 6 .2 2 9
0 2 5 1 3 5 . 9 8 8 6 .2 3 4
0 3 1 6 2 5 . 9 6 1 5 .2 3 2
0 3 9 4 4 5 . 9 5 4 6 .2 5 2
04752 5 .9 3 5 6 .2 5 6
05498 5 .9 1 7 6 .2 5 8
0 6 9 0 6 5 .9 0 5 6 .2 7 9

E x t r a p o l a t e d  pK = 6 . 2 0 8 .
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Table SI

S o l v e n t pH pH
m e a s . c a l c .

0% d i o x a n 1 . 9 6 7 1 . 9 9 7
10$ I! 1 .9 5 6 2 . 0 1 3
20$
30$

f! 2 . 0 1 9 2 . 0 7 2
II 2 . 0 3 8 2 . 0 9 5

40% II 2 . 0 2 5 2 . 1 1 5
50$ II 1 .9 2 7 2 . 0 9 8
60$ II 1 . 6 5 1 1 . 9 9 9
8 0 $ II 1 . 3 0 9 2 . 4 9 5

0$ a l c o h o l 2 . 0 9 5 2 . 0 5 9
10$ it 2 . 0 5 6 2 . 0 6 0
20$ ii 2 . 1 0 0 2 . 0 7 4
30 p it 2 . 1 7 9 2 . 0 8 6
4 0 $ ii 2 . 3 4 9 2 . 1 7 7
50% ti 2 . 3 1 1 2 . 0 5 2
60$ it 2 . 4 6 9 2 . 1 5 5

0$ a c e t o n e 1 .9 9 3 2 . 0 0 7
10$ tt 1 . 9 7 9 2 . 0 2 8
20$ ii 1 . 9 7 2 2 . 0 1 9
30$ ii 1 . 9 9 3 2 . 0 3 8
4 0 $ ii 1 . 9 8 9 2 . 0 4 3
50$ ii 1 . 9 6 5 2 . 0 6 0
60$ ii 1 .9 6 3 2 . 1 6 7

D i f f e r e n c e

. 0 3 0

.0 5 7

.0 5 3

.0 5 7

.0 9 0

.171

.3 4 8
1 .1 8 6

.0 3 6

.0 0 4

.0 2 6

.093

.172

.259

.3 1 4

.0 1 4

.0 4 9

.0 4 7
• 045  
. 0 5 4  
.095
• 204'
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Figure A &
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