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INTRODUCTION

Compounds o f  e e r i e  c e r i u m  h a v e  been  p r o v e n  t o  h av e  r a t h e r  

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

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

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

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

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

a  v a l e n c e  c h a n g e .

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

u r e d  by B a u e r  a n d  G l a e s s n e r  ( B a u e r  a n d  G l a e s s n e r ,  Z . E l e k t r o c h e m . ,  

Gj 5 3 4 ,  ( l % 0 3 ) ,  a n d  by Kunz (Kunz,  J .  Am. Chem. S o c . ,  5 3 ,  9 8 ,

( 1 9 3 1 ) ,  The m e a s u r e m e n t s  o f  B a u e r  a n d  G l a e s s n e r  w ere  made a t  

room t e m p e r a t u r e ,  A n o r m a l  c a l o m e l  e l e c t r o d e  was u s e d  f o r  r e f e r ­

e n c e ,  a n d  s a t u r a t e d  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  a s  a n  i n t e r m e d ­

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

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

o f  t h e  m e a s u r e m e n t s .  The m e a s u r e m e n t s  o f  Kunz w ere  made a t  o n l y  

one t e m p e r a t u r e ,  25°C .  ± 0 . 0 1 ° ,  a g a i n s t  a  h y d r o g e n  e l e c t r o d e  i n

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

c e r i u m  h a l f - c e l l s .  Two c o n c e n t r a t i o n s  o f  a c i d  w ere  u s e d ; -  0 . 5  

f o r m a l  a n d  1 .0  f o r m a l .  A f l o w i n g  j u n c t i o n  was em p lo y ed  t o  m a i n ­

t a i n  a  c o n s t a n t  l i q u i d - l i q u i d  p o t e n t i a l .

• B e c a u s e  o f  t h e  s o l u b i l i t i e s  o f  e e r i e  a n d  c e r o u s  ammonium 

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

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

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

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

o u s l y  d e t e r m i n e d .

The p u r p o s e s  o f  t h i s  i n v e s t i g a t i o n  w e re ,  t h e n ,  t o  m e a s u re  

th e  p o t e n t i a l  o f  th e  c e r i c - c e r o u s  e l e c t r o d e  i n  s u l f u r i c  a c i d  

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

ammonium s u l f a t e s ;  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e  ammonium 

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

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

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

c o n t e n t  f o r  t h e  r e a c t i o n  C e 1 , , ,  + e — * C e 1 ' •

The c e l l  m e a s u r e d  w a s ; -

2(NH4 ) 2 S04 .C e ( S 0 4 ) 2 ( c " )  
Pt+H2 ,H2 S04 ( 0 . 5 f )  ,HgS04 ( 0 . 5 f )  +  (NH^ ) ( g , ^  ) ^ ( c . )

Th e re  a r e  t h r e e  s o u r c e s  o f  p o t e n t i a l  i n  t h i s  c e l l ; -  t h e  p o t e n ­

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

j u n c t i o n ,  and  th e  p o t e n t i a l  o f  t h e  c e r i c - c e r o u s  e l e c t r o d e .  By 

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

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

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

p o t e n t i a l  o f  t h e  l i q u i d  j u n c t i o n  was made n e g l i g a b l y  s m a l l .

APPARATUS AND MATERIALS 

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

a t o r y  by L a r s o n  ( L a r s o n ,  T h e s i s ,  M. S. C. (1931)  i n  m ea s ­

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

c e l l ,  c o n s t r u c t e d  f ro m  p y r e x  t u b i n g ,  ( P i g .  1 ,  a ,  b . ) was 

c l o s e d  by a  g r o u n d  g l a s s  s t o p p e r  (h )  b e a r i n g  a  p l a t i n u m  e l e c -
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t r o d e  ( e ) .  A j e t  ( c )  e n t e r e d  a t  t h e  b o t t o m  o f  e a c h  h a l f ­

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

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

t h r o u g h  a  f l o w i n g  j u n c t i o n  ( f )  (Lamb a n d  L a r s o n ,  J .  Am.Chem.

S o c , , 4 2 ,  229,  ( 1 9 2 0 ) .  S t o p c o c k s  ( i )  w ere  g r e a s e d  l i g h t l y  

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

t r i c a l  c o n t a c t  m i g h t  be m a i n t a i n e d  t h r o u g h o u t  t h e  c e l l  w i t h ­

o u t  s t o p c o c k  l e a k a g e .  The g a s e s  e s c a p e d  f r o m  t h e  h a l f - c e l l s  

t h r o u g h  t h e  t r a p s  ( d ) ,

■ C e r i c  a n d  c e r o u s  ammonium s u l f a t e s  c o r r e s p o n d i n g  -to t h e  

f o r m u l a s

2(KH4 ) 2 S ° 4 .C e ( s 0 4 ) 3 . 2H2 °

(NH4 ) g S04 . Oe2 ( S04 ) 3 . 8H20 

w ere  p r e p a r e d  e s p e c i a l l y  f o r  t h i s  w ork  ( P r e p a r e d  by O s c a r  T. 

C o f f e l t ,  J a c k s o n ,  M i c h . ) .  A g o o d  g r a d e  o f  c o n d u c t i v i t y  w a t e r  

was u s e d  i n  m a k in g  s o l u t i o n s .  T h i s  was h e a t e d  a n d  e v a c u a t e d  

i m m e d i a t e l y  b e f o r e  u s e  i n  o r d e r  t o  rem ove  a n y  o xygen  o r  o t h e r  

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

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

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

one b e i n g  h e l d  c o n s t a n t  a t  25°C .  dkO.Ol0 , t h e  o t h e r  b e i n g  o p e r -
o o

a t e d  a l t e r n a t e l y  a t  15 a n d  35 C.

H y d ro g e n  f o r  t h e  h y d r o g e n  e l e c t r o d e  was g e n e r a t e d  by 

e l e c t r o l y s i s  o f  a  1% s o l u t i o n  o f  so d iu m  h y d r o x i d e  b e tw e e n  

n i c k e l  g a u z e  e l e c t r o d e s .  The g a s  was p a s s e d  o v e r  a  h e a t e d

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

f o r e  e n t e r i n g  t h e  h y d r o g e n  h a l f - c e l l .



Tank 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  t h r o u g h  an  a l k a l i n e  

p y r o g a l l o l  s o l u t i o n ,  w a s h in g  w i t h  w a t e r ,  a n d  p a s s i n g  o v e r  a  

h e a t e d  c o p p e r  g a u z e  i n  a  c o m b u s t i o n  f u r n a c e .  The g a s  was 

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

c e l l .

H y d ro g e n  e l e c t r o d e s  w ere  p r e p a r e d  a c c o r d i n g  t o  t h e  d i r e c ­

t i o n s  o f  P o p o f f , Kunz and  Snow ( P o p o f f ,  Kunz,  an d  Snow, J . P h y s .  

Chera . , 1 0 5 9 ,  ( 1 9 2 8 ) ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e y  w ere  n o t  g o l d  

p l a t e d .

P o t e n t i a l  was m e a s u r e d  t o  0 . 0 0 0 0 1  v o l t s  by means o f  a  

Queen S t a n d a r d  p o t e n t i o m e t e r  m o d e l  E - 3 0 4 0 ,  i n  c o n j u n c t i o n  w i t h  

a  L e e d s  a n d  N o r t h r u p  Type R g a l v a n o m e t e r ,  No. 250QP. The g a l ­

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

a n d  c e l l s ,  w ere  s h i e l d e d  a n d  p u t  on a n  e q u i p o t e n t i a l  b a s e ,  a c -  

c o r d i n g  t o  t h e  s y s t e m  o f  W. P .  W hi te  (W. P .  W h i t e ,  J .  Am. Chem. 

S o c . , 36 ,  2 0 1 1 ,  ( 1 9 1 4 ) .  The s t a n d a r d  o f  e . m . f .  was a n  E p p l e y  

s t a n d a r d  c e l l  w h i c h  was m e a s u r e d  a n d  c e r t i f i e d  by t h e  U. S. 

B u r e a u  o f  S t a n d a r d s .  T h i s  c e l l  was im m e rsed  i n  t h e  2 5 °  b a t h  

i n  a  w a t e r p r o o f  b o * .

ANALYTICAL METHODS 

A n a l y s i s  o f  C e r iu m  S o l u t i o n s ; -  The p r i m a r y  s t a n d a r d  u s e d  i n  

a l l  c e r i u m  a n a l y s i s  was B u r e a u  o f  S t a n d a r d s  so d iu m  o x a l a t e ,  

d r i e d  i n  t h e  ov en  f o r  one h o u r  a t  120°Cf  A s t a n d a r d  s o l u t i o n  

o f  e e r i e  s u l f a t e ,  a b o u t  0 . 0 1  N ( w e i g h t  n o r m a l i t y )  was s t a n ­

d a r d i z e d  a g a i n s t  so d iu m  o x a l a t e . ,  u s i n g  t h e  m e th o d  o f  W alden ,  

Hammett ,  a n d  Chapman (W alden ,  Ham m ett ,  an d  Chapman, J .  Am.
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Chem. S o c . , £35, 2 6 4 9 ,  ( 1 9 3 3 ) .  W e ig h t  b u r e t t e s  were  u s e d  i n  

a l l  a n a l y s e s .  A q u a n t i t y  o f  f e r r o u s  ammonium s u l f a t e  s o l u ­

t i o n  a b o u t  0 . 0 1  N. was p r e p a r e d  a n d  s t o r e d  u n d e r  h y d r o g e n  t o  

p r e v e n t  o x i d a t i o n  by  th e  a i r .  I n  s p i t e  o f  t h i s  p r e c a u t i o n ,  

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

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

f a t e  s o l u t i o n .

Some o r t h o - p h e n a n t h r o l i n e - f e r r o u s  c o m p le x  i n d i c a t o r  was 

p r e p a r e d ,  f o l l o w i n g  t h e  d i r e c t i o n s  o f  Y/alden ,  Hammett ,  a n d  

Chapman ( r e f .  a b o v e )  an d  t h i s  i n d i c a t o r  was u s e d  i n  a l l  c e r i u m  

a n a l y s i s .

Two 14 m l .  p o r t i o n s  w ere  w i t h d r a w n  f ro m  e a c h  c e r i u m  h a l f ­

c e l l  f o r  a n a l y s i s ,  a n d  w e i g h e d  i n  125 m l .  f l a s k s .  To e a c h  was 

a d d e d  0 . 6  m l .  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d .  One p o r t i o n  f ro m  

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

ium s u l f a t e  s o l u t i o n  t o  d e t e r m i n e  t h e  e e r i e  c o n t e n t  ( s e e  n o t e  

I) . The o t h e r  p o r t i o n s  w e re  o x i d i z e d  w i t h  ammonium p e r s u l f a t e  

u s i n g  s i l v e r  n i t r a t e  a s  a  c a t a l y s t  ( W i l l a r d  a n d  Young,  J .  Am. 

Chem. S o c . ,  50 ,  1322  a n d  1379 ,  ( 1 9 2 8 ) ,  t o  d e t e r m i n e  t h e  t o t a l  

c e r i u m  c o n t e n t .  The c e r o u s  c o n t e n t  was f o u n d  by d i f f e r e n c e .

N o te  I .  A l l  c e r i u m  c o n c e n t r a t i o n s  u n l e s s  s p e c i f i c a l l y  s t a t e d  

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

g ram s  o f  s o l u t i o n .

i.AX»X*a/,
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A n a l y s i s  of_ S u l f u r i c  A c i d  S o l u t i o n s : -  T h i s  a n a l y s i s  was a c ­

c o m p l i s h e d  by a  d i r e c t  t i t r a t i o n  w i t h  so d iu m  c a r b o n a t e , u s i n g  

m e t h y l  o r a n g e  i n d i c a t o r .  The t i t r a t i o n  was c a r r i e d  o u t  n e a r ­

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

o x i d e ,  c o o l e d ,  a n d  t h e  t i t r a t i o n  c o m p l e t e d .  The so d iu m  c a r b o n ­

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

so d iu m  b i c a r b o n a t e  by h e a t i n g  t o  300°G.

PREPARATION OP SOLUTIONS 

S u l f u r i c  A c i d  S o l u t i o n s : -  C. P .  s u l f u r i c  a c i d  was d i l u t e d  t o  

make a  l a r g e  q u a n t i t y  o f  a p p r o x i m a t e l y  50$  a c i d .  T h i s  was 

s t o r e d  i n  a  l a r g e  g l a s s  s t o p p e r e d  b o t t l e .  A p o r t i o n  o f  t h i s  

a c i d  was w e i g h e d  c a r e f u l l y  a n d  d i s s o l v e d  i n  a  w e ig h e d  q u a n t i t y  

o f  e v a c u a t e d  d i s t i l l e d  w a t e r  t o  make a b o u t  a  l i t e r  o f  a p p r o x ­

i m a t e l y  0 . 5  f o r m a l  a c i d .  T h i s  was c a r e f u l l y  a n a l y z e d  by t h e  

m e th o d  g i v e n  a b o v e .  Prom t h i s  d e t e r m i n a t i o n  was c a l c u l a t e d  

t h e  e x a c t  w e i g h t  o f  t h e  50$ a c i d  t o  be a d d e d  t o  a  t h o u s a n d  

g ram s  o f  w a t e r  t o  make a  s o l u t i o n  e x a c t l y  0 . 5  f o r m a l .  S u b s e ­

q u e n t  a n a l y s e s  o f  t h e  0 . 5  f o r m a l  a c i d  made up  by t h i s  m e th o d  

p r o v e d  t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  a c i d  d i d  n o t  v a r y  more 

t h a n  one p a r t  i n  a  t h o u s a n d .  A b o u t  4 0 0 0 g .  o f  0 . 5  f o r m a l  a c i d ,  

was made u p  a t  a  t i m e .

C e r i c  -  c e r o u s  Ammonium S u l f a t e  s o l u t i o n s ; -  s m a l l  w e i g h e d  

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

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

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

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

u t i o n s  t h u s  fo rm e d  w ere  a l l o w e d  to  s t a n d  o v e r  n i g h t  i n  o r d e r  

t o  a l l o w  a n y  p o s s i b l e  i n s o l u b l e  p a r t i c l e s  t o  s e t t l e , .  The s o l ­

u t i o n s  w ere  d e c a n t e d  u n d e r  n i t r o g e n  p r e s s u r e ,  a n d  p l a c e d  i n  

t h e  c e r i u m  h a l f - c e l l s .  A b o u t  2 0 0 0 g .  o f  s o l u t i o n  was made up 

a t  a  t i m e . _

EXPERIMENTAL METHODS AND CALCULATIONS 

Two u n i t s ,  e a c h  composed  o f  two c e r i u m  h a l f - c e l l s  a n d  

one h y d r o g e n  e l e c t r o d e  w ere  f i l l e d  a t  a  t i m e .

F i l l i n g  t h e  C e r iu m  H a l f - c e l l s ; -  The h a l f - c e l l  was f l u s h e d  

o u t  f o r  a  t im e  w i t h  a  s lo w  s t r e a m  o f  n i t r o g e n .  The h a l f - c e l l ,  

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

o f  t h e  f l o w i n g  j u n c t i o n  -were r i n s e d  s e v e r a l  t i m e s  w i t h  t h e  

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

t i o n s  b e i n g  w i t h d r a w n  by s u c t i o n .  The h a l f - c e l l  a n d  t r a p  were  

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

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

p l a c e .  The t u b e  l e a d i n g  f rom  t h e  t r a p  was c l o s e d  w i t h  a  r u b ­

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

up  i n t o  t h e  f l o w i n g  j u n c t i o n ,  a t  w h i c h  p o i n t  t h e  t h r e e - w a y  

s t o p c o c k  was c l o s e d .  The p l u g  was i m m e d i a t e l y  rem oved  f ro m  

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

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

F i l l i n g s / The H y d ro g en  H a l f - c e l l s ; -  The h y d r o g e n  e l e c t r o d e  

v e s s e l s  w e re  f i l l e d  w i t h  0 . 5  f o r m a l  s u l f u r i c  a c i d  i n  t h e  same 

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

The s a t u r a t o r s  w ere  f i l l e d ,  w i t h  t h e  same s o l u t i o n s ,  r e ­

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

an d  t h e  whose a s s e m b l y  p l a c e d  i n  t h e  15°  t h e r m o s t a t .  The g a s  

f l o w  was r e g u l a t e d  by means  o f  s m a l l  p i n c h  c l a m p s ,  t h e  h y d r o ­

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

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

one  b u b b l e  e v e r y  two o r  t h r e e  s e c o n d s ,  s i n c e  i t s  o n l y  f u n c t i o n s  

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

c e r i u m  h a l f - c e l l s .  The s e p a r a t o r y  f u n n e l s  w h ic h  s u p p l i e d  t h e  

l i q u i d s  t o  t h e  f l o w i n g  j u n c t i o n s  w e re  f i l l e d  an d  p u t  i n  p l a c e .  

The w a s t e  t u b e s  w ere  c o n n e c t e d  t o  t h e  f low ing :  j u n c t i o n  o u t l e t s ,  

( F i g .  1 ,  g)  w h i c h  c o m p l e t e d  t h e  p r e l i m i n a r y  p r o c e d u r e  f o r  t h e  

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

E a c h  o f  t h e  s o l u t i o n s  was a n a l y z e d  f o r  t h e  c e r i c  a n d  t h e  

c e r o u s  c o n t e n t .

M e a s u r e m e n t s ; -  W i th  t h e  s m a l l  h y d r o g e n  e l e c t r o d e  v e s s e l s ,  c o n ­

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

c e l l s  i n  t h e  t h e r m o s t a t .  W i th  t h e  l a r g e r  v e s s e l s ,  s e v e r a l  

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

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

f l o w  o f  h y d r o g e n .  The c e l l s  w ere  m e a s u r e d  a t  i n t e r v a l s  o v e r  

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

e q u i l i b r i u m  i n  t h e  h a l f - c e l l s .  By m eans  o f  a  b r i d g e ,  t h e  two 

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

t h i s  was done  o c c a s i o n a l l y ,  t o  make s u r e  t h a t  b o t h  w ere  i n  a  .... 

s t a t e  o f  e q u i l i b r i u m .
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A t  t h e  en d  o f  a p p r o x i m a t e l y  t w e n t y - f o u r  h o u r s ,  two p o r ­

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

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

were  t h e n  moved i n t o  t h e  25°  t h e r m o s t a t ,  a n d  m e a s u r e d  a s  b e ­

f o r e .  The f l a w i n g  j u n c t i o n s  w ere  o p e r a t e d  o n l y  a  s h o r t  p e r i o d  

o f  t i m e  b e f o r e  r e a d i n g s  were  t a k e n .  Due t o  t h e  l o n g  p e r i o d  

o f  t im e  o v e r  w h ich  t h e  c e l l s  w ere  m e a s u r e d ,  a  p r o h i b i t i v e  

q u a n t i t y  o f  s o l u t i o n  w ou ld  h a v e  b e e n  n e c e s s a r y ,  h a d  t h e  j u n c ­

t i o n s  b e e n  o p e r a t e d  c o n t i n u o u s l y .  \7h.ile i n  o p e r a t i o n ,  s o l u ­

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

o f  e a c h  l i q u i d  p e r  s e c o n d .
o

W h ile  t h e  c e l l s  were  b e i n g  m e a s u r e d  a t  25 , t h e  t e m p e r ­
ed

a t u r e  o f  t h e  15 t h e r m o s t a t  was r a i s e d  by means o f  a u x i l i a r y  

h e a t e r s  t o  3 5 ° ,  an d  a" t h e - r r n o r e g u l a t o r  an d  Beckmann t h e r m o m e t e r  

w h ic h  h a d  been  s e t  a t  35°  w ere  s u b s t i t u t e d  f o r  t h o s e  s e t  a t  

1 5 ° .  The b u l b s  o f  t i e ' l a t t e r  were  im m ersed  i n  c o l d  r u n n i n g  

w a t e r  u n t i l  n e e d e d  i n  o r d e r  t o  k e e p  them s e t  a t  t h e  p r o p e r  

t e m p e r a t u r e .

When t h e  c e l l s  had  b e e n  m e a s u r e d  o v e r  t h e  t w e n t y - f o u r  

h o u r  p>eriod a t  2 5 ° ,  p o r t i o n s  w ere  w i t h d r a w n  f rom  a n o t h e r  

c e r i u m  h a l f - c e l l  an d  a n a l y z e d  a s  b e f o r e .  The c e l l s  w e re  

t h e n  p l a c e d  i n  t h e  3 5 °  t h e r m o s t a t  w h e re  t h e  m e a s u r e m e n t s

w ere  r e p e a t e d .  In asm u ch  a s  m e a s u r e m e n t s  w ere  more  d i f f i c u l t  

a t  t h i s  h i g h e r  t e m p e r a t u r e ,  and  t h e  c h a n g e  i n  r a t i o  w i t h i n  

t h e  c e r i u q i  h a l f - c e l l s  was a c c e l e r a t e d ,  i t  was t h o u g h t  b e s t  

t o  r e s e r v e  two h a l f - c e l l s  f o r  a n a l y s i s  a t  t h i s  t e m p e r a t u r e .
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E a c h  t im e  c e l l s  w ere  m e a s u r e d ,  t h e  d a t e ,  t i m e ,  r e a d i n g  

o f  t h e  Beckmann t h e r m o m e t e r ,  b a r o m e t e r ,  a n d  t e m p e r a t u r e  o f  

t h e  b a r o m e t e r  w ere  r e c o r d e d .

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

t h e  H y d ro g e n  E l e c t r o d e ; -  F o r  c l a r i t y ,  l e t  u s  add  to  t h e  

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

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

0 . 5  f o r m a l  s u l f u r i c  a c i d ,  one  b e i n g  u n d e r  a  p r e s s u r e  o f  one 

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

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

t h e  l a t t e r ,  f o r  example- ,  740 ram. o f  m e r c u r y ;  t h e  two c e l l s  

may t h e n  b e  w r i t t e n  a s  f o l l o w s :

P t  H ( l ) ,  H ( 0 . 5 f  X a ) ,  H ( 7 4 0 / 7 6 0 )  P t  P t  H J 7 4 0 / 7 6 0 ) . . . P t
2 q 2 2

A ssum ing  t h a t  two f a r a d a y s  o f  p o s i t i v e  e l e c t r i c i t y  a r e  p a s s e d  

t h r o u g h  t h e  p r e s s u r e  c e i l  t o  t h e  r i g h t , t h e  ch a n g e  i n  s t a t e  i s :

|-H2 (1 )  -  e — > H * ( 0 . 5 f  X a)

H * ( 0 . 5 f  X a )  + e — * £ H 0 ( 7 4 0 / 7 6 0 )

£H2 (1)  •— » ^H2 ( 7 4 0 / 7 6 0 )

S u b s t i t u t i n g  i n  t h e  N e r n s t  e q u a t i o n :
1

E - E q -  RT I n  ( 7 4 0 /7 6 0  V
NF

o r ,  a t  2 5 ° C . :

E=^E0 -  . 0 5 9 1  l o g  ( 7 4 0 / 7 6 0 )
2

E - 0 . 0 0 0 3 4  v o l t s .

T h i s  i s  t h e  t e m p e r a t u r e  a n d  p i r e s s u r e  c o r r e c t i o n  f o r  t h e
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h y d r o g e n  e l e c t r o d e ,  t o  he a d d e d  to  t h e  m e a s u r e d  E o f  t h e  ox­

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

were c a l c u l a t e d ,  one f o r  e a c h  o f  t h e  t h r e e  t e m p e r a t u r e s  u s e d  

i n  t h e ” m e a s u r e m e n t s , a t  p r e s s u r e s  r a n g i n g  b e t w e e n  690 mm.and 

760 mm. o f  m e r c u r y ,  an d  t h e s e  w ere  i n c o r p o r a t e d  i n  a  g r a p h  

( F i g .  2;) f r o m  w h i c h  t h e  c o r r e c t i o n s  c o u l d  be q u i c k l y  d e t e r ­

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

th e  h a l f - c e l l s  were  known.

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

s u g g e s t e d  by E l l i s  ( E l l i s ,  J .  Am. Chem. S o c . , 3 8 ,  7 37 ,  ( 1 9 1 6 ) .  

The v a p o r  p r e s s u r e s  o f  0 . 5  f o r m a l  s u l f u r i c  a c i d  a t  t h e  t h r e e  

t e m p e r a t u r e s  w ere  i n t e r p o l a t e d  f ro m  d a t a  g i v e n  i n  t h e  I n t e r ­

n a t i o n a l  C r i t i c a l  T a b l e s  ( I .  C. T. V o l .  I l l ,  p . 3 0 3 ) .

The v a p o r  p r e s s u r e  o f  t h e  s u l f u r i c  a c i d  was s u b t r a c t e d  

f ro m  t h e  b a r o m e t r i c  p r e s s u r e  c o r r e c t e d  t o  0°C .  To t h i s  was 

a d d e d  t h e  m e r c u r y  e q u i v a l e n t  o f  t h e  co lum n  o f  l i q u i d  i n  t h e  

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

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

co lum n o f  s u l f u r i c  a c i d  i n  t h e  t r a p .  M e rc u r y  e q u i v a l e n t s  o f  

s u l f u r i c  a c i d  w ere  c a l c u l a t e d  f ro m  d e n s i t y  d a t a  i n  t h e  I n t e r ­

n a t i o n a l  C r i t i c a l  T a b l e s  ( I .  C. T. V o l . I l l ,  p .  1 5 6 ) .

C a l c u l a t i o n  o f  t h e  C e r i c - c e r o u s  E l e c t r o d e C o r r e c t i o n s : -  

The r e a c t i o n  w h ic h  w o u ld  o c c u r  i n  t h e  c e r i u m  h a l f - c e l l  i f  

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

i s :

Ce • "  ' ( c" X a " ) -V- e — > C e " ' ( c '  X a ' )
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7cO

720

3 5 °

700

690
000U 00060002 0012ooos 0010

E ( v o l t s )  to  be added to  E o f  c e l l

ELa;. ? . P re s su re  and te m p e ra tu re  c o r r e c t io n s  fo r  
hydrogen e le c tr o d e .



-  14  -

S u b s t i t u t i n g  i n  t h e  H e r n s t  e q u a t i o n :

E o ~ M  Cg..,..t * ( c f ) (H o te  2 )
NF Uer r » ' ( c* J

E = E -  . 0 5 9 1  l o g  Ce ' » »( c 1) a t  25°C .
Ce ' ' * ’T c ^ )

C a l c u l a t i o n  o f  -  A F  a n d  -  AH:  By e x t r a p o l a t i n g  t o  z e r o ,  t h e

e . m . f .  v a l u e s  a t  z e r o  c o n c e n t r a t i o n  o f  c e r i u m  were  ^ o u n d .  These  

t h r e e  p o t e n t i a l s  w e re  f o u n d  t o  c o n f o rm  to  t h e  e q u a t i o n  t y p e :  

y ^ a + b x + c x 2 . When y s l  ( 1 5 ° ) ,  0 ( 2 5 ° ) ,  a n d  - 1  ( 3 5 ° ) ,  a n d  

x  t h e  p o t e n t i a l s  i n  i n c r e a s i n g  o r d e r ,  t h e  c o n s t a n t s  w ere  ; 

a a 1 . 4 6 2 6 ,  b a  0 . 0 0 2 6 5 ,  a n d  c = 0 . 0 0 0 3 5 .  From t h i s  e q u a t i o n  a n d  

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

p l o t t e d  w i t h  t h e  e x p e r i m e n t a l  v a l u e s  ( F i g .  3 ) ,  An e m p i r i c a l  

e q u a t i o n  was f i t t e d  t o  t h e s e  data*.

E = 1 . 8 6 0 4 8  -  0 . 0 0 2 4 0 5 T  0 .0 0 0 0 0 3 5 9 T 2
dE

From t h i s  e q u a t i o n  v a l u e s  o f  t h e  t e m p e r a t u r e  c o e f f i c i e n t ,  ^

w ere  c a l c u l a t e d  a t  1 5 ° ,  2 5 ° ,  a n d  3 5 ° C . :
rili1

- . 0 0 2 4 0 5  •+• 2 ( . 0 0 0 0 0 3 5 9 T)

From t h e  G ib b s  -  H e l m h o l t z  e q u a t i o n :

-  a R = n f (e  -  T

H ote  2 .  S i n c e  t h e  a c t i v i t i e s  o f  t h e  c e r o u s  a n d  c e r i c  i o n s  

a r e  n o t  known,  i t  m u s t  be a s su m e d  t h a t  t h e s e  a c t i v i t i e s  a r e  

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

v a l e n c y .  C e ' l , ( c ' )  a n d  C e " " ( c * )  w i l l ,  t h e r e f o r e ,  be 

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

t r i v a l e n t  a n d  q u a d r i v a l e n t  f o r m s ,  r e s p e c t i v e l y ,  e x p r e s s e d  

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

t
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determ ined exp erim en ta lly  
c a lc u la te d  from e q u a tio n

35

l.Uol
E ( v o l t e )

F ig . T em peratu re  -  p o t e n t i a l  cu rve  a t  zero  
c o n c e n tr a t io n  o f  c e r iu n .

J



-  16  -

v a l u e s  o f  -  AH a t  t h e  t h r e e  t e m p e r a t u r e s  and  z e r o  c o n c e n t r a ­

t i o n  o f  c e r i u m  i n  0 . 5  f o r m a l  s u l f u r i c  a c i d  w ere  c a l c u l a t e d  

f o r  t h e  r e a c t i o n  C e , , l ,  -v-e —̂ C e ' ' * .  Prom t h e  f r e e  e n e r g y  

e q u a t i o n  :

-AF -  ENF
v a l u e s  o f  -  A F  v/ere c a l c u l a t e d  f o r  t h e  same r e a c t i o n .

EXPERIMENTAL DATA AND DISCUSSION

From t h e  d a t a . o f  t h e  i n d i v i d u a l  c e l l s  i t  may h e  n o ­

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

c e r o u s  e l e c t r o d e  d r i f t e d  downward o v e r  a  p e r i o d  o f  t i m e .

I t  was d e t e r m i n e d  by a n a l y s i s  t h a t  t h i s  d e c r e a s e  i n  p o t e n t i a l  

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

c e l l ,  w h i c h  i s  e x p r e s s e d  by t h e  r e a c t i o n  C e ' 11 ' + e —> C e , f ' .  

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

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

t i a l  d r i f t ,  was r a r e l y  g r e a t e r  t h a n  0 . 0 1  m i l l i v o l t  p e r  h o u r ,  

and  was u s u a l l y  much l e s s .  I n  a  few  c a s e s  t h e  p o t e n t i a l  o f  

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

was due t o  t h e  f a c t  t h a t  t h e  h y d r o g e n  e l e c t r o d e  h a d  n o t  

y e t  come t o  e q u i l i b r i u m .

The f i n a l  p o t e n t i a l  o f  e a c h  c e l l  was c a l c u l a t e d  f ro m  

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

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

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

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

v a r i e d  s l i g h t l y ,  j u s t i f i e d  t h i s  t r e a t m e n t  o f  r e s u l t s .  The
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C e l l No. 1 Ce e l e c t r o d e No. I
t im e tem p . b a r .  p . p r e s s .

E wo b s .
E

(h»u) ( ° o . ) c o r r . t o  
0 C,

c o r r ' n .  
(E)

c o r r . t o
760 mm.

22 15 7 4 0 . 1 0 .0 0 0 5 1 1 . 4 6 0 4 1 1 .4 6 0 9 2
23 7 3 9 .7 0 . 0 0 0 5 2 1 .4 6 0 3 8 1 .4 6 0 9 0
25 7 3 9 . 1 0 . 0 0 0 5 2 1 .4 6 0 3 5 1 .4 6 0 8 7
2 6 . 5 7 3 9 . 1 0 . 0 0 0 5 2 1 . 4  6035 1 .4 6 0 8 7
39 25 7 3 5 . 7 0 .0 0 0 8 0 1 .4 5 7 1 2 1 .4 5 7 9 2
40 7 3 5 . 6 0 .0 0 0 8 0 1 .4 5 7 1 0 1 .4 5 7 9 0
41 7 3 5 .0 0 . 0 0 0 8 1 1 .4 5 7 0 8 1 .4 5 7 8 9
68 35 7 2 8 . 8 0 .0 0 1 2 8 1 .4 5 4 0 1 1 .4 5 5 2 9
71 7 3 2 .0 0 .0 0 1 2 3 1 .4 5 4 0 5 1 .4 5 5 2 8
72 7 33 .1 . 0 .0 0 1 2 2 1 .4 5 4 0 5 1 .4 5 5 2 7  1

E

1 .4 5 5 8

A n a l y s i s  o f  c e r i u m  s o l u t i o n
■before f i l l -  a f t e r  m ea s -  

i n g  c e l l  u r . in g  c e l l
9 . 8 6 2  

. 9 . 9 8 1
1 9 . 8 4 3
1.012

Ce ’ ' '
C e ' ’ ’ ’
C e ' ' ’ + C e ' ' "  
C e ’ .' ' /  Ce '  "  '

' l o g
c o r r e c t i o n

1 0 .0 5 5  
9 . 8 5 5  

1^910 
1 .0 2 0  
0 . 0 0 8 6 0  
0 .0 0 0 5 2

C e l l No. 2 . Ce e l e c t r o d e No. I l l
t im e te m p . b a r . p . p r e s s .

•®obs.
E

( h r s ) ' ( ° C . ) c o r r , t o • c o r  r ' n . c o r r . - t o  E 0
0°C . (E) 760 mm.

22 15 7 4 0 . 1 0 . 0 0 0 5 1 1 .4 6 0 2 7 1 .4 6 0 7 8
23 7 3 9 . 7 0 . 0 0 0 5 2 1 . 4 6 0 2 6 1 .4 6 0 7 8
2 6 . 5 7 3 9 . 1 0 . 0 0 0 5 2 1 .4 6 0 4 0 1 .4 6 0 9 2  1 .4 6 1 2

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

i n g  c e l l  u r i n g  c e l l  
C e ' "  9 . 8 6 2  9 . 9 8 5
C e " "  9 . 9 8 1  9 . 8 5 3
Ce "  ' +  Ce * "  * 1 9 . 8 4 3  1 9 .8 3 8
Ce ' " /  Ce "  "  1 . 0 1 2  1 .0 1 3
l o g  0 .0 0 5 6 1
c o r r e c t i o n  0 . 0 0 0 3 2



C e l l No. 3 Ce e l e c t r o d e No. IV
t im e  / ̂  \

t e m p . b a r .  p . p r e s s . E
( h r s ) ( ° C . ) c o r r . t o c o r r ’ n . ® o b s . c o r r . t o  E '

0°C. (E) 760 mm.
22 15 7 4 0 . 1 0 .0 0 0 5 1 1 .4 6 0 2 7 1 .4 6 0 7 8
23 7 3 9 .7 0 . 0 0 0 5 2 1 .4 6 0 2 6 1 .4 6 0 7 8
2 6 .  5 7 3 9 . 1 0 . 0 0 0 5 2 1 .4 6 0 4 0 1 .4 6 0 9 2
39 25 • 7 3 5 .7 0 .0 0 0 8 0 1 . 4 5 7 0 2 1 .4 5 7 8 2
40 7 3 5 . 6 0 .0 0 0 8 0 1 .4 5 7 0 0 1 .4 5 7 8 0
41 7 3 5 .0 0 .0 0 0 8 1 1 .4 5 6 9 8 1 .4 5 7 S 9  1 .4 5 8 2

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

i n g  c e l l
9 . 8 6 2  
9 . 9 8 1

1 9 . 8 4 3
1 . 0 1 2

Ce • "
C e ' ' ' ’
C e 1 • 1 + Ge ' * 1 * 
Ce • ’ ' /  Ce «• • •
l o g
c o r r e c t i o n

u r i n g  c e l l  
9 .9 8 8  
9 . 8 5 8  

19.8.46 
1 . 0 1 3  
0 .0 0 5 6 1  
0 . 0 0 0 3 2

t im e
( h r s )

1 . 5
1 8 . 5
1 9 . 5

C e l l  No. '  4 Ce e l e c t r o d e  E o .  I
tem p .
( ° C . )

' 15

b a r .  p .  
c o r r . t o  

0°C.
7 3 9 .0  
7 3 3 . 8
7 3 4 . 1

p r e s s .
c o r r ’ n .

(E)
0 . 0 0 0 5 3
0 . 0 0 0 6 2
0 . 0 0 0 6 0

E obs

1 .4 6 0 7 3
1 .4 6 0 7 6
1 . 4 6 0 7 6

E
c o r r , t o  
760 mm. 

1 . 4 6 1 2 6  
1 .4 6 1 3 8  
1 .4 6 1 3 6

E,

1 .4 6 1 7

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

Ce* "
Ce ' ' '  »
Ce »' ' + Ce "  1 ' 
Ce 1 ’ ’/  Ce * ' » •
l o g
c o r r e c t i o n

b e f o r e  f i l l -  a f t e r  m e a s -
i n g  c e l l  

7 . 9 6 2  
7 . 8 7 9  

1 5 .8 4 1  
1.011

u r i n g  c e l l  
7 . 9 8 0  
7 . 8 8 1  

1 5 . 8 6 1  
1 . 0 1 3  
0 .0 0 5 6 1  
0 . 0 0 0 3 2
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C e l l No. 5 Ce e l e c t r o d e No. I I
t im e te m p . b a r .  p . p r e s s .

® obs .
E

( h r s ) ( ° C . ) c o r r . t o  
0 °C .

c o r r ’ n .
(E)

c o r r . t o  E0 
760 mm.

14 35 7 3 8 . 0 0 .0 0 1 1 0 1 .4 5 4 0 7 1 .4 5 5 1 7
1 4 . 5 7 3 7 . 6 0 .0 0 1 1 0 1 .4 5 4 1 4 1 .4 5 5 2 4
15 7 3 7 . 8 0 .0 0 1 1 0 1 .4 5 4 1 4 1 .4 5 5 2 4
16 7 3 7 . 3 0 .0 0 1 1 1 1 .4 5 4 1 4 1 .4 5 5 2 5
2 2 . 5 15 7 3 5 . 2 0 . 0 0 0 5 6 1 .4 5 9 9 7 1 .4 6 0 5 3
23 7 3 5 . 2 0 .0 0 0 5 6 1 .4 6 0 0 5 1 .4 6 0 6 1
2 5 . 5 7 3 5 . 9 0 . 0 0 0 5 5 1 .4 6 0 3 8 1.4-6093
29 7 3 7 . 9 0 .0 0 0 5 1 1 .4 6 0 6 1 1 .4 6 1 0 2
39 25 7 3 9 . 8 0 .0 0 0 7 0 1 .4 5 7 8 3 1 .4 5 8 5 3 ’
40 74010 0 .0 0 0 7 0 1 . 4 5 7 7 6 1 .4 5 8 4 6
41 7 4 0 . 1 0 .0 0 0 7 0 1 .4 5 7 7 6 1 .4 5 8 4 6
42 7 4 0 . 4 0 .0 0 0 6 9 1 .4 5 7 8 0 1 .4 5 8 4 9
4 3 . 5 7 4 0 .4 0*00069 1 . 4 5 7 8 1 1 .4 5 8 5 0  1 . 4 5 8 9

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

i n g  c e l l  u r i n g  c e l l
C e ’ • • 8 . 0 6 7 8 .'085
C e ' 1 " 7 . 9 6 9 7 . 960

- Ce ' ’ • +~Ce * * • • 1 6 . 0 3 6 16 . '045
Ce 1 * * /  Ce ’. ’ * 1 1 .0 1 2 1 . 016
l o g 0 . 00689 ; ' 0.v.W
c o r r e c t i o n 0 . 00040 J

C e l l No. 6 Ce e l e c t r o d e No. I l l
t im e tem p. b a r .  p . p r e s s . TP E
( h r s ) ( ° C . ) c o r r . t o c o r r ’ n . •^obs. c o r r . t o  E 0

0 °C . (E) 760 mm.
4 35 7 3 4 . 4 0 .0 0 1 2 0 1 .4 5 5 1 4 1 .4 5 6 3 4
6 7 3 4 . 1 0 .0 0 1 2 1 1 . 4 5 5 0 5 1 .4 5 6 2 6

2 2 . 5 7 3 6 . 4 0 . 0 0 1 1 8 1 .4 5 5 0 7 1 .4 5 6 2 5
23 7 3 6 . 3 0 . 0 0 1 1 8 1.4-5509 1 .4 5 6 2 7
2 3 . 5 7 3 6 . 3 0 . 0 0 1 1 8 1 . 4 5 5 0 8 1 .4 5 6 2 6
2 8 . 5 25 7 3 5 . 1 .0 .0 0 0 8 3 1 .4 5 7 8 4 1 .4 5 8 6 7
30 7 3 4 . 5 0 .0 0 0 8 4 1 .4 5 7 8 4 1 .4 5 8 6 8
4 6 . 5 7 3 3 . 0 0 .0 0 0 8 6 1 . 4 5 7 7 6 1 .4 5 8 6 2
47 7 3 2 . 9 0 .0 0 0 8 6 1 .4 5 7 7 7 1 .4 5 8 6 3
4 7 . 5 7 3 2 . 8 0 . 0 0 0 8 5 1 .4 5 7 7 7 1 . 4 5 8 6 2  1 . 4 5 8 8

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

i n g  c e l l  
8 . 0 5 7  
7 . 9 6 5  

1 6 .0 2 2  
1 .0 1 1 5

C e '« *
Ce • ’ • *
Ce ’ ' ' +-Ce* • 1 * 
C e ' ' ' /  C e ' » f •
log
correction

u r i n g  c e l l  
8 .0 1 0  
7 . 9 6 8  

1 5 . 9 7 8  
1 . 0 0 5  
0 .0 0 2 1 7  
0 .0 0 0 1 3
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t im e  
( h r s )

4
6

2 2 . 5  
23
2 3 . 5

C e l l  No. 7
t em p .
( ° C . )

h a r .  p .  
c o r r . t o  

0 °C .
7 3 4 .4  
7 3 4 . 1
7 3 6 .4
7 3 6 . 3
7 3 6 . 3

Ce e l e c t r o d e  No. IV
p r e s s ,  
c o r r  * n .

(E)
0 .0 0 1 2 0
0 . 0 0 1 2 1
0 . 0 0 1 1 8
0 . 0 0 1 1 8
0 . 0 0 1 1 8

•®obs.

1 . 4 5 5 1 5
1 .4 5 5 0 8
1 .4 5 5 1 1  
1 .4 5 5 1 4
1 .4 5 5 1 1

E
c o r r . t o  
760 mm. 
1 .4 5 6 3 5
1 .4 5 6 2 9
1 .4 5 6 2 9  
1.4-5632
1 .4 5 6 2 9

E,

1 . 4 5 6 5

A n a l y s i s  o f  C e r iu m  s o l u t i o n
b e f o r e  f i l l -  a f t e r  m ea s -  

i n g  c e l l  u r i n g  c e l l  
C e ' ”  8 . 0 5 7  8 . 0 3 0
C e ” ”  7 . 9 6 5  7 . 9 7 2
Ce ”  * Ce ”  ”  1 6 . 0 2 2  1 6 . 0 0 2
C e ”  ’/  C e ”  ”  1 . 0 1 1 5  1 . 0 0 7
l o g  0 . 0 0 3 0 3  . 3 '/£
c o r r e c t i o n  0 . 0 0 0 1 8

Ce 11 No. 8 Ce e l e c t r o d e No. I
t im e te m p . b a r . p . p r e s s .

E o b s .
E

( h r s ) ( ° c . ) c o r r .  t o c o r r ' n . c o r r . t o  E_ 
760 mm. 00° C. (E)

1 8 . 5 25 7 4 5 .4 0 .0 0 0 6 0 1 .4 5 8 4 3 1 .4 5 9 0 3
19 744.  6 0 . 0 0 0 6 2 1 . 4 5 8 4 2 1 .4 5 9 0 4
21 7 4 4 . 1 0 . 0 0 0 6 2 1 . 4 5 8 4 2 1 . 4 5 9 0 4 ,
23 15 . 7 4 2 . 6 0 . 0 0 0 4 5 1 .4 6 1 4 1 1 .4 6 1 8 6
4 2 . 5 7 3 4 . 1 0 . 0 0 0 6 0 1 .4 6 1 0 4 1 .4 6 1 6 4
66 7 4 1 . 8 0 . 0 0 0 4 6 1 . 4 6 1 0 5 1 .4 6 1 5 1
67 7 4 1 . 5 0 .0 0 0 4 7 1.4-6106 1 . 4 6 1 5 3
68 7 4 0 . 5 0 . 0 0 0 4 8 1 .4 6 1 0 0 1 .4 6 1 4 8
6 9 . 5 35 7 4 0 . 1 0 .0 0 1 0 6 1 . 4 5 5 5 5 1 .4 5 6 6 1
7 0 . 5 7 3 9 . 8 0 . 0 0 1 0 7 1 . 4 5 5 3 2 1 .4 5 6 3 7
7 1 . 5 7 3 9 . 4 0 . 0 0 1 0 7 1 .4 5 5 L 1 1 .4 5 6 1 8
88 7 4 2 . 1 0 .0 0 1 0 2 1 .4 5 4 8 0 1 .4 5 5 8 2
89 7 4 2 . 1 0 .0 0 1 0 2 1 . 4 5 4 7 9 1.4-5581•- 1 . 4 5 7 2

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

i n g  c e l l  u r i n g  c e l l
C e ' ”  6 . 0 3 7  6 . 2 2 8
C e ” ”  5 . 9 8 5  5 .9 1 4
C e ” , + C e ” ”  1 2 . 0 2 2  1 2 . 1 4 1
Ce ' ” /  Ce ”  ”  1 . 0 0 9  1 . 0 5 3
l o g  0 . 0 2 2 4 3
c o r r e c t i o n  0 .0 0 1 3 7

( '
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C e l l Ho. 9 Ce e l e c t r o d e Ho. I I
t im e tem p. b a r .  p . p r e s s . E
( h r s ) ( ° C . ) c o r r . t o c o r r ' n . ® obs . c o r r . t o

0°C . (E) 760 mm.
1 8 . 5 25 7 4 5 .4 0 .0 0 0 6 0 1 .4 5 8 5 5 1 .4 5 9 1 5
19 7 4 4 . 6 0 .0 0 0 6 2 1 .4 5 8 5 3 1 .4 5 9 1 5
21 7 4 4 .1 0 .0 0 0 6 2 1 .4 5 8 5 6 1 .4 5 9 1 8
23 15 7 4 2 . 6 0 .0 0 0 4 5 1 .4 6 1 5 5 1 .4 6 2 0 0
4 2 .  5 7 3 4 .1 0 .0 0 0 6 0 1 .4 6 1 2 5 1 .4 6 1 8 5
66 7 4 1 . 8 0 .0 0 0 4 6 1 .4 6 1 3 9 1 .4 6 1 8 5
67 7 4 1 .5 0 .0 0 0 4 7 1 .4 6 1 4 0 1 .4 6 1 8 7
68 7 4 0 . 5 0 .0 0 0 4 8 1 .4 6 1 3 7 1 .4 6 1 8 5
6 9 . 5 35 7 4 0 . 1 0 .0 0 1 0 6 1 . 4 5 5 8 8 1 .4 5 6 9 4
7 0 . 5 7 3 9 . 8 0 .0 0 1 0 7 1 .4 5 5 8 1 1 .4 5 6 8 8
88 7 4 2 . 1 0 .0 0 1 0 2 1 .4 5 5 4 4 1 .4 5 6 4 6
89 7 4 2 . 1 0 .0 0 1 0 2 1 .4 5 5 4 9 1 .4 5 6 5 1

E,

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

i n g  c e l l  u r i n g  c e l l  
6 .0 3 7  
5 .9 8 5  

1 2 .0 2 2  
1 .0 0 9

Ce "  ’
Ce » ' 11
Ce ' 1 * ■+■ C e ’ »'  * 
Ce "  » /  Ce • »»«
l o g
c o r r e c t i o n

6.121 
5 .9 6 1  

1 2 . 0 8 2  
1 .0 2 7  
0 .0 1 1 5 7  
o . 00070

C e l l Ho. 10 Ce e l e c t r o d e Ho. I l l
t im e tem p . , b a r .  p . p r e s s . E
( h r s ) (°c . ) c o r r . t o c o r r ’ n . ^ o b s . c o r r . t o

0°C . (E) 760 mm.
1 8 . 5 25 . 745.4- 0 .0 0 0 6 0 1 . 4 5 8 5 3 1 .4 5 9 1 3
19 7 4 4 .6 0 .0 0 0 6 2 1 .4 5 8 5 1 1 .4 5 9 1 3
21 7 4 4 . 1 0 .0 0 0 6 2 1 .4 5 8 5 4 1 .4 5 9 1 6
23 15 7 4 2 .6 0 .0 0 0 4 5 1 .4 6 1 6 0 1 .4 6 2 0 5
24 7 4 2 . 1 0 .0 0 0 4 6 1 .4 6 1 5 8 1 .4 6 2 0 4
4 2 . 5 7 3 4 . 1 0 .0 0 0 6 0 1 .4 6 1 2 3 1 .4 6 1 8 3
67 - 7 4 1 . 5 0 .0 0 0 4 7 1 .4 6 1 0 0 1 .4 6 1 4 7
68 7 4 0 . 5 0 .0 0 0 4 8 1 .4 6 1 3 4 1 .4 6 1 8 2
6 9 . 5 35 7 4 0 . 1 0 .0 0 1 0 6 1 . 4 5 4 1 9 1 .4 5 5 2 5
89 7 4 2 . 1 0 .0 0 1 0 2 1 . 4 5 5 5 1 1 .4 5 6 5 3
93 7 4 1 .7 0 .0 0 1 0 3 1 .4 5 5 4 4 1 .4 5 6 4 7

E.

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

i n g  c e l l  u r i n g  c e l l
G e 1 ’ * 6 .0 3 7  6 .1 1 8
C e ' " ’ 5 . 9 8 5  5 .9 5 9
C e 1 • ' + C e » 1 ' • 1 2 .0 2 2  1 2 .0 7 7
Ce * ' • /  Ce ' ’ • • 1 .0 0 9  1 .0 2 7
l o g  0 .0 1 1 5 7
c o r r e c t i o n  0 .0 0 0 7 0
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C e l l No. 12 Ce e l e c t r o d e Nq. IV
t im e tem p . b a r .  p . p r e s s .

® obs .
E

( h r s ) ( °c . ) c o r r . t o c o r r 1n . c o r r . t o
0°c. (1 ) 760 mm

1 8 . 5 25 7 4 5 . 4 0 . 0 0 0 6 0 1 . 4 5 8 4 1 1 . 4 5 9 0 1
19 7 4 4 . 6 0 . 0 0 0 6 2 1 .4 5 8 4 1 1 .4 5 9 0 3
21 7 4 4 . 1 0 . 0 0 0 6 2 1.4-5846 1 .4 5 9 0 8
23 15 7 4 2 . 6 0 . 0 0 0 4 5 1 .4 6 1 5 0 1 . 4 6 1 9 5
24 7 4 2 . 1 0 . 0 0 0 4 6 1 .4 6 1 5 4 1 .4 6 2 0 0
4 2 . 5 7 3 4 . 1 C .00060 1 .4 6 1 1 7 1 .4 6 1 7 7
68 7 4 0 . 5 0 . 0 0 0 4 8 1 .4 6 1 3 0 1 .4 6 1 7 8
6 9 . 5 35 7 4 0 . 1 0 . 0 0 1 0 6 1 . 4 5 4 0 2 1 .4 5 5 0 8
89 7 4 2 . 1 0 .0 0 1 0 2 1 . 4 5 5 4 4 1 .4 5 6 4 6
93 7 4 1 .7 0 . 0 0 1 0 3 1 .4 5 5 4 8 1 .4 5 6 5 1

E 0

1 . 4 5 7 2

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

i n g  c e l l  u r i n g  c e l l
Ce* » • 6 . 0 3 7  6 . 1 0 7
C e 1 ’ 1 ’ 5 . 9 8 5  5 . 9 4 2
Ce 1 ' 14* Ce ’ ’ * ' 1 2 . 0 2 2  1 2 .0 4 9
C e , , , / C e , , , ‘ 1 . 0 0 9  1 . 0 2 8
l o g  0 . 0 1 1 9 9
c o r r e c t i o n  0 . 0 0 0 7 3

C e l l No. 13 C e e e l e c t r o d e No.  I
t im e tem p. b a r .  ...p. p r e s s .

E o b s .
E

( h r s ) ( °c . ) c o r r . t o c o r r ' n . c o r r . t o
0°C . (E) 760 mm.

4 35 7 3 4 . 4 0 .0 0 1 2 0 1 . 4 5 5 8 3 1 .4 5 7 0 3
6 7 3 4 . 1 0 .0 0 1 2 1 1 . 4 5 5 6 8 1 .4 5 6 8 9

2 2 . 5 7 3 6 .4 0 . 0 0 1 1 8 1 .4 5 5 6 0 1 . 4 5 6 7 8
23 7 3 6 . 3 0 . 0 0 1 1 8 1 .4 5 5 6 5 1 .4 5 6 8 3
2 3 . 5 7 3 6 . 3 0 . 0 0 1 1 8 1 .4 5 5 6 7 1 .4 5 6 8 5
2 8 . 5 25 7 3 5 . 1 0 . 0 0 0 8 3 1 . 4 5 8 4 2 1 .4 5 9 2 5
30 7 3 4 . 5 0 .0 0 0 8 4 1 . 4 5 8 4 0 1 .4 5 9 2 4
4 6 . 5 7 3 3 . 0 0 . 0 0 0 8 6 1 . 4 5 8 3 2 1 .4 5 9 1 8
47 7 3 2 . 9 0 . 0 0 0 8 6 1 . 4 5 8 3 2 1 .4 5 9 1 8
4 7 . 5 7 3 2 . 8 0 . 0 0 0 8 5 1 . 4 5 8 3 2 1 .4 5 9 1 7

E.

1 . 4 5 9 5

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

i n g  c e l l  u r i n g  c e l l
C e ' ' * 6 . 0 0 5  6 . 0 0 8
Ce * ’ ' ' 5 . 9 2 9  5 . 9 3 6
Ce * ' '  +• C e '  • ”  1 1 . 9 3 4  1 1 .9 4 4
C e * * ' /  C e '  ' * 1 1 . 0 1 3  1 . 0 1 2
l o g  0 . 0 0 5 1 8
c o r r e c t i o n  . 0 . 0 0 0 3 1



C e l l No. 14 Ce e l e c t r o d e No. I I
t im e tem p . b a r . p . p r e s s . E
( h r s ) ( °c . ) c o r r . t o c o r r ' n . ® obs . c o r r . t o

0°C . (E) 760 mm.
4 35 7 3 4 .4 0 .0 0 1 2 0 1 .4 5 5 8 4 1 .4 5 7 0 4
6 7 3 4 . 1 0 .0 0 1 2 1 1 .4 5 5 7 0 1 .4 5 6 9 1

2 2 . 5 7 3 6 .4 0 . 0 0 1 1 8 1 .4 5 5 6 8 1 .4 5 6 8 6
23 7 3 6 . 3 0 . 0 0 1 1 8 1 . 4 5 5 6 9 1 .4 5 6 8 7
2 3 . 5 7 3 6 . 3 0 . 0 0 1 1 8 1 .4 5 5 7 0 1 .4 5 6 8 8

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

i n g  c e l l  u r i n g  c e l l
C e 1 1 * 6 . 0 0 5  6 . 0 2 2
C e ’ " ’ 5 . 9 2 9  5 . 9 3 1
Ce ’ ' ' + Ce ’ 1 1 ' 1 1 .9 3 4  1 1 . 9 5 3
Ce » ’ ’/  C e 1 *»• 1 . 0 1 3  1 . 0 1 5
l o g  0 .0 0 6 4 7
c o r r e c t i o n  0 .0 0 0 4 0

C e l l  No. 15 Ce e l e c t r o d e  N o . . I l l
t im e t e m p . b a r . p . p r e s s .

® obs .
E

( h r s ) (°c. ) c o r r . t o c o r r ' n . c o r r . t o
0°C. (E) 760 mm.

8 35 7 4 2 . 3 0 .0 0 1 0 2 1 . 4 5 6 8 0 1 .4 5 7 8 2
1 2 . 5 7 4 2 . 9 0 .0 0 1 0 1 1 . 4 5 6 8 0 1 . 4 5 7 8 1
2 1 . 5 25 7 4 4 . 9 0 .0 0 0 6 1 1 . 4 5 9 3 1 1 .4 5 9 9 2
23 7 4 4 . 7 0 . 0 0 0 6 2 1 . 4 5 9 2 9 1 .4 5 9 9 1
2 3 . 5 7 4 4 .7 0 . 0 0 0 6 2 1 .4 5 9 2 7 1 .4 5 9 8 9
41 15 7 4 5 . 2 0 . 0 0 0 4 0 1 . 4 6 2 1 4 1 .4 6 2 5 4
50 7 4 4 . 9 0 . 0 0 0 4 1 1 . 4 6 1 9 6 1 .4 6 2 3 7
5 1 . 5 7 4 4 . 3 0 .0 0 0 4 2 1 . 4 6 1 9 2 1 .4 6 2 3 4
7 3 . 5 7 4 0 . 5 0 . 0 0 0 4 8 1 . 4 6 1 7 7 1 .4 6 2 2 5

A n a l y s i s  o f  c e r i u m  s o l u t i o n
b e f o r e  f i l l -  a f t e r  meas^

i n g  c e l l  u r i e g  c e l l  
C e 1 * 1 4 . 0 2 8  4 . 0 9 6
C e ’ * ”  3 . 9 9 5  3 . 9 6 3
Ce ' 1' + Ce ’ »»» 8 . 0 2 3  8 . 0 5 9
Ce » ' » /  Ce »•• • 1 . 0 0 8  1 .0 3 4
l o g  0 . 0 1 4 5 2
c o r r e c t i o n  0 . 0 0 0 8 3
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C e l l Ho. 16 Ce e l e c t r o d e Ho. IV
t im e te m p . b a r . . p . p r e s s . E o b s .

E
( h r s ) (°c. ) c o r r . t o  

0 °C .
c o r r ' n .

(E)
c o r r . t o  
760 ram.

8 35 7 4 2 . 3 0 .0 0 1 0 2 1 . 4 5 6 8 5 1 .4 5 7 8 7
1 2 . 5 7 4 2 . 9 0 .0 0 1 0 1 1 . 4 5 6 8 6 1 .4 5 7 8 5
2 1 . 5 25 7 4 4 . 9 0 . 0 0 0 6 1 1 .4 5 9 4 8 1 .4 6 0 0 9
23 744 .  7 0 . 0 0 0 6 2 1 .4 5 9 4 8 1 .4 6 0 1 0
2 3 . 5 7 4 4 . 7 0 . 0 0 0 6 2 1 . 4 5 9 4 5 1 .4 6 0 0 7
41 15 7 4 5 . 2 0 . 0 0 0 4 0 1 . 4 6 2 4 1 1 .4 6 2 8 1
50 7 4 4 . 9 0 . 0 0 0 4 1 1 . 4 6 2 2 9 1 .4 6 2 6 9
5 1 . 5 7 4 4 . 2 0 . 0 0 0 4 2 1 . 4 6 2 2 5 1 .4 6 2 6 7
7 3 . 5 7 4 0 . 5 0 . 0 0 0 4 8 1 . 4 6 2 1 2 1 .4 6 2 6 0

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

i n g  c e l l  u r i g g  c e l l  
Ce "  ' 4 . 0 2 S  4 . 0 6 3
C e " "  3 . 9 9 5  3 . 9 8 4
C e ' 1 ' ^ Ce "  "  8 . 0 2 3  8 .0 4 7
Ce "  • /  C e "  "  1 . 0 0 8  1 . 0 2 0

l o g  0 . 0 0 8 6 0
c o r r e c t i o n  0 .0 0 0 4 9

C e l l Ho. 17 Ce e l e c t r o d e Ho. I l l
t im e te m p . b a r .  p . p r e s s . TP E
( h r s ) ( ° c . ) c o r r . t o c o r r ' n . o b s . c o r r . t o

0°C . (E) 760 mm.
1 . 5 35 7 3 8 . 9 0 .0 0 1 1 0 1 . 4 5 6 7 6 1 .4 5 7 8 6
2 7 3 8 . 5 0 .0 0 1 1 1 1 . 4 5 6 7 6 1 .4 5 7 8 7
2 . 5 7 3 8 . 0 O.OGW2. 1 .4 5 6 7 3 1 .4 5 7 8 5
4 . 5 7 3 7 . 5 e l& ot  13 1 . 4 5 6 6 9 1 . 4 5 7 8 2

10 7 3 5 . 6 0 . 0 0 1 1 7 1 . 4 5 6 6 2 1 . 4 5 7 7 9
1 0 . 5 7 3 5 . 4 0 .0 0 1 1 7 1 .4 5 6 6 0 1 .4 5 7 7 7
18 25 7 3 4 . 0 0 . 0 0 0 8 3 1 .4 5 9 0 6 1 .4 5 9 8 9
19 7 3 4 . 0 0 . 0 0 0 8 3 1 . 4 5 9 0 5 1 .4 5 9 8 8
20 7 3 4 . 4 0 . 0 0 0 8 2 1 . 4 5 9 0 5 1 .4 5 9 8 7
22 15 7 3 4 . 6 0 . 0 0 0 6 1 1 . 4 6 2 1 3 1 .4 6 2 7 4
2 3 . 5 7 3 4 . 6 0 . 0 0 0 6 1 1 . 4 6 2 1 2 1 .4 6 2 7 3

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

i n g  c e l l  u r i n g  c e l l
Ce "  ' 4 . 0 2 6 4 . '055
Ce 1 " i 4 . 0 0 4 3 . 989
C e "  ' + Ce "  " 8 . 0 3 0 8 . 044
Ce 1 " /  Ce "  " 1 . 0 0 5 1 . 017
l o g 0 . 00732  r- '
c o r r e c t i o n 0 . 00045

1 .4 6 3 1

1 .4 6 3 2
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C e l l No. 18 Ce e l e c t r o d e No. I
t im e  
( h r s )

te m p .
( ° c . )

b a r .  p .  
c o r r , t o  

0°C .

p r e s s . 
c o r r ' n .  

(1 )

E . o b s .
E

c o r r . t o
760 mm.

1 6 . 5 15 7 4 2 . 5 0 .0 0 0 4 7 1 .4 6 2 2 0 1 .4 6 2 6 7
1 7 . 5 7 4 2 . 3 0 .0 0 0 4 7 1 .4 6 2 2 6 1 .4 6 2 7 3
1 8 . 5 7 4 2 . 3 0 .0 0 0 4 7 1 .4 6 2 2 6 1 .4 6 2 7 3  1

E,

1 .4 6 3 2

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

i n g  c e l l  u r i n g  c e l l
Ce * • ' 4 . 0 1 5 4 . 021
C e ' •» t 3 . 9 3 8 3. 942
Ce • ' ' +■ Ce ' »« • 7 . 9 5 3 7. 963
Ce « ' ' /  Ce *' ' ' 1 .0 2 0 1 . 020

’ l o g 0 . 00860 : i-
c o r r e c t i o n 0 . 00049

C e l l No. 19 Ce e l e c t r o d e No. I l l
t im e tem p . b a r .  p . p r e s s .

® obs .
E

( h r s ) ( ° c . ) c o r r . t o c o r r ’ n . c o r r . t o  EQ
0°C . (E) 760 mm.

1 6 . 5 15 7 4 2 . 5 0 .0 0 0 4 7 1 .4 6 1 9 4 1 .4 6 2 4 1
1 7 . 5 7 4 2 . 3 0 .0 0 0 4 7 1 .4 6 1 9 0 1 .4 6 2 3 7
1 8 . 5 7 4 2 . 3 0 .0 0 0 4 7 1 .4 6 1 9 4 1 .4 6 2 4 1
24 25 7 4 1 . 8 0 . 0 0 0 6 9 1 .4 5 9 1 3 1 .4 5 9 8 2
34 7 3 8 . 9 0 .0 0 0 7 4 1 .4 5 9 1 3 1 .4 5 9 8 7
36 7 3 8 . 2 0 . 0 0 0 7 5 1 . 4 5 9 0 9 1 .4 5 9 8 4
38 7 3 7 . 7 0 .0 0 0 7 6 1 .4 5 9 1 0 1 ,4 5 9 8 6
3 9 . 5 7 3 6 . 5 0 . 0 0 0 7 9 1 .4 5 9 0 7 1 .4 5 9 8 6
41 7 3 6 . 1 0 .0 0 0 7 9 1 . 4 5 9 0 5 1 ,4 5 9 8 4  1 .4 6 0 4

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

Ce ’ 1 *
Ce ' ’ ' 1- Ge ’ ’ ’ » 
Ce »* * »
Ce * ' ' /  Ce » ' 1 *
l o g
c o r r e c t i o n

i n g  c e l l  
4 . 0 1 5  
7 . 9 5 3  
3 . 9 3 8  
1 .0 2 0

u r i n g  c e l l  
4 . 0 1 8  
7 . 9 5 4  
3 . 9 3 6  
1 . 0 2 1  
0 .0 0 9 0 3  
0 .0 0 0 5 3

7
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C e l l No. 20 Ce ie l e c t r o d e No. IV
t im e tem p .

( c . )
b a r .  p . p r e s s . E E

( h r s ) c o r r . t o c o r r 1n . o b s . c o r r . t o
0°C. (E) 760 mm.

1 6 . 5 15 7 4 2 . 5 0 .0 0 0 4 7 1 . 4 6 1 9 3 1 .4 6 2 4 0
1 7 . 5 7 4 2 .3 0 .0 0 0 5 7 1 . 4 6 1 8 8 1 .4 6 2 3 5
1 8 . 5 7 4 2 . 3 0 .0 0 0 4 7 1 . 4 6 1 9 2 1 .4 6 2 3 9
2 4 . 0 25 7 4 1 . 8 0 . 0 0 0 6 9 1 . 4 5 9 1 2 1 .4 5 9 8 1
34 7 3 8 . 9 0 . 0 0 0 7 4 1 . 4 5 9 1 2 1 .4 5 9 8 6
36 7 3 8 . 2 0 . 0 0 0 7 5 1 . 4 5 9 0 7 1 .4 5 9 8 2
38 7 3 7 . 7 0 . 0 0 0 7 6 1 .4 5 9 1 0 1 .4 5 9 8 6
3 9 . 5 7 3 6 . 5 0 .0 0 0 7 9 1 . 4 5 9 0 7 1 .4 5 9 8 6
41 7 3 6 . 1 0 . 0 0 0 7 9 1 . 4 5 9 0 4 1 .4 5 9 8 3
47 35 . 7 3 3 . 5 0 .0 0 1 2 1 1 .4 5 6 3 7 1 .4 5 7 5 8
58 7 3 0 . 2 0 .0 0 1 2 7 1 . 4 5 6 2 1 1 .4 5 7 4 8
60 7 3 1 . 5 0 . 0 0 1 2 5 1 . 4 5 6 2 1 1 .4 5 7 4 6
62 7 3 1 .7 0 . 0 0 1 2 4 1 . 4 5 6 2 3 1 .4 5 7 4 7
64 7 3 2 . 3 0 .0 0 1 2 2 1 . 4 5 6 2 5 1 .4 5 7 4 7
65 7 3 2 . 6 0 . 0 0 1 2 3 1 . 4 5 6 2 6 1 .4 5 7 4 9

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

i n g  c e l l  u r i n g  c e l l  
C e ” » 4 . 0 1 5  4 . 0 5 3
C e ” ”  3 . 9 3 8  3 . 9 2 9
Ce ”  * + Ce ”  ”  7 . 9 5 3  7 . 9 6 2
C e ’ ” /  Ce * ” T 1 . 0 2 0  1 . 0 2 6
l o g  0 . 0 1 1 1 5
c o r r e c t i o n  0 . 0 0 0 6 8



-  2.7 -

C e l l i—iC\2.o Ce e l e c t r o d e No. I
t im e

)
tem p . b a r .  p . p r e s s .

® obs .
E

( h r s ( ° G . ) c o r r . t o c o r r ’n . c o r r . t o  E
0°C. (E) 760 mm. 0

3 15 7 3 4 . 6 0 . 0 0 0 6 1 1 .4 5 0 0 4 1 .4 5 9 6 5
16 7 3 7 . 6 0 . 0 0 0 5 5 1 . 4 5 0 1 2 1 .4 5 0 6 7
17 7 3 8 . 6 0 .0 0 0 5 4 1 .4 5 0 1 7 1 .4 5 0 7 1
1 8 . 5 7 3 8 . 8 0 . 0 0 0 5 3 1 .4 5 0 1 8 1 .4 5 0 7 1
20 7 3 9 . 0 0 .0 0 0 5 3 1 . 4  5020 1 .4 5 0 7 3
22 7 4 0 . 6 0 .0 0 0 5 0 1 . 4 5 0 2 0 1 .4 5 0 7 0
40 25 7 4 6 . 1 0 . 0 0 0 6 1 1 . 4 4 6 8 9 1 .4 4 7 5 0
41 7 4 5 . 3 0 . 0 0 0 6 3 1 .4 4 6 8 6 1 .4 4 7 4 9
45 7 4 2 . 6 0 .0 0 0 6 8 1 .4 4 6 8 0 1 .4 4 7 4 8
4 6 . 5 7 4 1 .7 0 . 0 0 0 6 9 1 .4 4 6 8 0 1 .4 4 7 4 9
51 35 7 4 0 .7 0 .0 0 0 9 0 f t . 44373 1 .4 4 4 6 3
63 7 4 1 . 2 0 . 0 0 0 8 9 1 .4 4 3 7 2 1 .4 4 4 6 1
6 4 . 5 7 4 1 . 3 0 . 0 0 0 8 9 1 .4 4 3 7 1 1 .4 4 4 6 0  1 .4 5 8 7

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

i n g  c e l l  u r i n g  c e l l
Ce ' ’ ’ 3 . 3 4 6  3 . 3 4 2
C e " ”  1 . 9 6 5  1 . 9 6 6
Ce "  ’ + Ce "  "  5 . 3 1 1  5 . 3 0 8
Ce* " /  C e "  "  1 . 7 0 3  1 . 7 0 0
l o g  0 . 2 3 0 4 5
c o r r e c t i o n  0 .0 1 4 0 8

C e l l No. 22 Ce e l e c t r o d e No. II
t im e tem p . b a r .  p . p r e s s .

® o b s .
E

( h r s ) (°c. ) c o r r . t o c o r r ’n . c o r r . t o
0 °C .  ' (E) 760 mm.

3 15 7 3 4 . 6 0 . 0 0 0 6 1 1 . 4 5 0 0 5 1 .4 5 0 6 6
16 7 3 7 . 6 0 . 0 0 0 5 5 1 . 4 5 0 1 3 1 .4 5 0 6 8
17 7 3 8 . 6 0 . 0 0 0 5 4 1 . 4 5 0 1 6 1 .4 5 0 7 0
1 8 . 5 7 3 8 . 8 0 . 0 0 0 5 3 1 . 4 5 0 1 8 1 .4 5 0 7 1
20 7 8 9 . 0 0 . 0 0 0 5 3 1 .4 5 0 2 0 1 .4 5 0 7 3
22 7 4 0 . 6 0 . 0 0 0 5 0 1 . 4 5 0 1 9 1 .4 5 0 6 9

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

i n g  c e l l  u r i n g  c e l l
C e " ’ 3 . 3 4 6  3 . 3 3 4
C e " "  1 . 9 6 5  1 . 9 6 2
Ce ’ "  + Ce ’ ’ "  5 . 3 1 1  5 . 2 9 6
C e " ’/  C e " "  1 . 7 0 3  1 . 6 9 9
l o g  0 . 2 3 0 1 9
c o r r e c t i o n  0 . 0 1 3 1 6



C e l l No. 23 Ce e l e c t r o d e No. I l l
t im e tem p. b a r .  p . p r e s s . E( h r s ) (°c. ) c o r r . t o c o r r ’n . ® o b s . c o r r . t o

0°C. (E) 760 mm.
3 15 7 3 4 . 6 0 . 0 0 0 6 1 1 .4 4 9 9 9 1 .4 5 0 6 0

16 7 3 7 .6 0 . 0 0 0 5 5 1 . 4 5 0 0 1 1 .4 5 0 5 6
17 7 3 8 .6 0 .0 0 0 5 4 1 .4 5 0 0 6 1 .4 5 0 6 0
1 8 . 5 7 3 9 .0 0 . 0 0 0 5 3 1 . 4 5 0 1 2 1 .4 5 0 6 5
22 7 4 0 . 6 0 .0 0 0 5 0 1 .4 5 0 1 1 1 .4 5 0 6 4
40 25 7 4 6 . 1 0 . 0 0 0 6 1 1 .4 4 6 8 2 1 .4 4 7 4 3
41 7 4 5 . 3 0 . 0 0 0 6 3 1 .4 4 6 8 0 1 .4 4 7 4 3
45 7 4 2 .6 0 . 0 0 0 6 8 1 .4 4 6 7 3 1 .4 4 7 4 1
4 6 . 5 7 4 1 .7 0 .0 0 0 6 9 1 .4 4 6 7 4 1 .4 4 7 4 3
51 35 7 4 0 .7 0 .0 0 0 9 0 1 .4 4 3 6 6 1 .4 4 4 5 6
63 7 4 1 . 2 0 .0 0 0 8 9 1 .4 4 3 6 4 1 .4 4 4 5 3
6 4 . 5 7 4 1 . 3 0 . 0 0 0 8 9 1 . 4 4 3 6 3 1 .4 4 4 5 2

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

i n g  c e l l  u r i n g  c e l l
G e ” ’ 3 . 3 4 6  3 .3 3 7
C e * ' 1’ 1 . 9 6 5  1 . 9 6 2
Ce ' ’ ’ +  Ce ’ ”  ’ 5 . 3 1 1  5 . 2 2 9
Ce ’ ’ • /  Ce ’ ' ' ' 1 . 7 0 3  1 . 7 0 1
l o g  0 .2 3 0 7 0
c o r r e c t i o n  0 .0 1 4 1 0

C e l l No. 24 Ce e l e c t r o d e No. IV
t im e te m p . b a r .  p . p r e s s . E o b s .

E
( h r s ) ( ° C . ) c o r r . t o c o r r ’ n . c o r r .  t o  E 0

0°C. (E) 760 mm.
3 15 7 3 4 . 6 0 . 0 0 0 6 1 1 . 4 4 9 9 8 1 .4 5 0 5 9

16 7 3 7 . 6 0 . 0 0 0 5 5 1 . 4 5 0 0 3 1 .4 5 0 5 8
17 7 3 8 . 2 0 .0 0 0 5 4 1 .4 5 0 0 7 1 .4 5 0 6 1
1 8 . 5 7 3 8 . 8 0 . 0 0 0 5 3 1 . 4 5 0 1 1 1 .4 5 0 6 4
20 8 3 9 . 0 0 . 0 0 0 5 3 1 . 4 5 0 1 3 1 .4 5 0 6 6
2 2 . 7 4 0 .6 0 .0 0 0 5 0 1 . 4 5 0 1 2 1 .4 5 0 6 2
40 25 7 4 6 . 1 0 .0 0 0 6 1 1 .4 4 6 8 4 1 .4 4 7 4 5
41 7 4 5 . 3 0 . 0 0 0 6 3 1 . 4 4 6 8 1 1 .4 4 7 4 4
42 7 4 2 . 6 0 .0 0 0 6 8 1 .4 4 6 7 4 1 .4 4 7 4 2
4 6 . 5 7 4 1 .7 0 . 0 0 0 6 9 1 . 4 4 6 7 5 1 .4 4 7 4 4  1 .4 6 1 0

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

i n g  c e l l  u r i n g  c e l l  
G e ' ' * 3 . 3 4 6  3 . 3 4 6
C e ' ” ' 1 . 9 6 5  1 . 9 7 7
C e ' ”  + C e ” ”  5 . 3 1 1  5 . 3 2 3
C e ' ' ’/  Ce » ”  ’ 1 . 7 0 3  • 1 . 6 9 2
l o g  0 •2 2 8 4 0
c o r r e c t i o n  0 . 0 1 3 5 1
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C e l l No. 25 Ce e l e c t r o d e No. I
t im e te m p . b a r .  p . p r e s s . E
( h r s ) ( ° C . ) c o r r . t o c o r r ' n . ® obs . c o r r . t o

0°C . (E) 760 mm.
8 35 7 4 2 . 3 0 .0 0 1 0 2 1 .4 5 6 6 6 1 .4 5 7 8 6

1 2 . 5 7 4 2 . 9 0 .0 0 1 0 1 1 .4 5 7 2 0 1 .4 5 8 2 1
2 1 . 5 25 7 4 4 . 9 0 .0 0 0 6 1 1 .4 5 9 8 7 1 .4 6 0 4 8
23 7 4 4 .7 0 . 0 0 0 6 2 1 . 4 5 9 8 8 1 .4 6 0 5 0
2 3 . 5 744 .  7 0 . 0 0 0 6 2 1 .4 5 9 8 7 1 .4 6 0 4 9
41 . 15 7 4 5 . 2 0 .0 0 0 4 0 1 . 4 6 2 6 6 1 .4 6 3 0 6
50 7 4 4 .9 0 . 0 0 0 4 1 1 .4 6 2 5 6 1 .4 6 2 9 7
5 1 . 5 7 4 4 . 2 0 . 0 0 0 4 2 1 .4 6 2 5 3 1 .4 6 2 9 5
7 3 . 5 7 4 0 . 5 0 . 0 0 0 4 8 1 . 4 6 2 3 3 1 .4 6 2 8 1

E.

1 .4 6 4 1

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

i n g  c e l l  u r i n g  c e l l
Ce 1 * » 2 . 0 3 8 2 . 071
Ce » ’ 1 t 1 . 9 9 1 1 . 971
C e ' ' ' + Ce » 1 1 ' 4 . 0 2 9 4 . 042
C e 1 ’ » /  Ce »'  '» 1 .0 2 4 1 . 051
l o g 0 . 02160
c o r r e c t i o n 0 . 00128

C e l l No. 26 . Ce e l e c t r o d e No. I
t im e "t/GJTip * b a r . p . p r e s s . ■R E
( h r s ) ( ° G . ) c o r r . t o c o r r ’n . o b s . c o r r . t o  E Q

0°C. (E) 760 mm.
20 15 7 4 2 . 0 0 . 0 0 0 4 8 1 . 4 6 3 0 5 1 .4 6 3 5 3
21 7 4 2 . 1 0 . 0 0 0 4 8 1 .4 6 3 0 7 1 ,4 6 3 5 5
22 7 4 2 . 1 0 . 0 0 0 4 8 1 .4 6 3 0 7 1 .4 6 3 5 5
53 25 7 3 7 . 9 0 .0 0 0 7 6 1 . 4 5 9 4 5 1 .4 6 0 1 9
54 7 3 7 . 8 0 . 0 0 0 7 6 1 . 4 5 9 5 8 1 .4 6 0 3 4
55 7 3 8 . 2 0 .0 0 0 7 7 1 . 4 5 9 5 6 1 . 4 6 0 3 3 '
5 5 . 5 7 3 8 . 1 0 . 0 0 0 7 8 1 . 4 5 9 5 5 1 . 4 6 0 3 3
7 4 . 5 35 7 3 7 .7 0 . 0 0 1 1 3 1 .4 5 6 9 6 1 .4 5 8 0 9
7 5 . 5 7 3 7 . 7 0 . 0 0 1 1 3  • 1 . 4 5 6 9 5 1 .4 5 8 0 8
7 6 . 5 7 3 8 .3 0 .0 0 1 1 2 1 .4 5 6 9 7 1 . 4 5 8 0 9  1 . 4 5 9 6

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

i n g  c e l l  
• 1 . 0 3 3 1

0 .9 7 9 4  
2 . 0 1 2 5  
1 . 0 5 5

Ce ’
C e 1 
Ce ’
C e '
l o g
c o r r e c t i o n

'» +  Ce ‘ ' 1 '
, , /  Ce t i »•

u r i n g  c e l l  
1 .0 3 4 3  
0 . 9 7 7 6  
2 .0 1 1 9  
1 . 0 5 8  
0 . 0 2 4 4 9  
0 . 0 0 1 5 0



C e l l No. 27 Ce e l e c t r o d e No. I l l
t im e tem p. b a r .  p . p r e s s .

E obs.( h r s ) ( ° C . ) c o r r . t o c o r r ' n . c o r r . t o
0°C . (E) 760 mm.

20 15 7 4 2 .0 0 .0 0 0 4 8 1 .4 6 2 9 7 1 .4 6 3 4 5
2 1 . 7 4 2 . 1 0 . 0 0 0 4 8 1 .4 6 3 0 1 1 .4 6 3 4 9
22 7 4 2 . 1 0 .0 0 0 4 8 1 .4 6 3 0 1 1 .4 6 3 4 9
53 25 7 3 7 . 9 0 .0 0 0 7 6 . 1 . 4 5 9 5 7 1 .4 6 0 3 1
54 7 3 7 . 8 0 .0 0 0 7 6 1 .4 5 9 6 9 1 .4 6 0 4 5
55 7 3 8 . 2 0 .0 0 0 7 7 1 .4 5 9 6 8 1 .4 6 0 4 5
5 5 . 5 7 3 S .1 0 .0 0 0 7 8 1 .4 5 9 6 8 1 .4 6 0 4 6

E,

1 .4 6 1 9

Analysis of cerium solution

C e "  '
Ce ’ * ' 1
Ge 1 ' * -t Ce* ' ' '
C e ' " /  Ce "  "
l o g
c o r r e c t i o n

b e f o r e  f i l l -  a f t e r  m eas -
ing cell 

1 . 0 3 3 1  
0 .9 7 9 4  
2 . 0 1 2 5  
1 .0 5 5

u r i n g  c e l l  
1 .0 3 1 3  
0 .9 7 5 4  
2 .0 0 6 7  
1 .0 5 7  
0 .0 2 4 0 7  
0 . 0 0 1 4 2

C e l l No. 28 Ce e l e c t r o d e NO. IV
t im e te m p . b a r .  p. p r e s s .

E o b s .
JS

^ h r s ) C°c.) c o r r . t o c o r r ' n . c o r r . t o
0°C . (E) 760 mm.

20 15 7 4 2 . 0 0 .0 0 0 4 8 1 . 4 6 2 9 5 1 . 4 6 3 4 3
21 7 4 2 .1 0 .0 0 0 4 8 1 . 4 6 3 0 0 1 .4 6 3 4 8
22 7 4 2 . 1 0 .0 0 0 4 8 1 .4 6 3 0 0 1 .4 6 3 4 8

Analysis of cerium solution
before fill- after meas-

C e ’
C e '
C e ’
Ce '
l o g  
c o r r e c t i o n

t
i »r 
• +
' /

Ce * *1 ' 
Ce • ' 1 •

ing cell 
1 .0 3 3 1  
0 .9 7 9 4
2 .0 1 2 5
1 . 0 5 5

uring cell 
1 . 0 4 1 2  
0 . 9 8 7 2  
2 .0 2 4 8  
1 . 0 5 5  
0 . 0 2 3 2 5  
,0 .0 0 1 3 3
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C e l l No. 1A Ce e l e c t r o d e No. I
t im e tem p . b a r .  p . p r e s s .

E vObs.
E

( h r s } ( ° C . ) c o r r . t o  
0°C .

c o r r ’n .
(E)

c o r r . t o  
760 mm.

13 15 7 4 9 .7 0 . 0 0 0 3 5 1 .4 6 2 6 4 1 .4 6 2 9 9
14 7 4 9 . 4 0 . 0 0 0 3 5 1 . 4 6 2 6 2 1 .4 6 2 9 7
15 7 4 9 .0 0 .0 0 0 3 6 1 .4 6 2 7 7 1 .4 6 3 1 3
18 7 4 7 . 2 0 .0 0 0 3 9 1 .4 6 2 7 9 1 .4 6 3 1 8
2 0 . 5 7 4 6 . 7 0 .0 0 0 4 0 1 . 4 6 2 8 5 1 .4 6 3 2 5
2 1 . 5 7 4 6 . 6 0 .0 0 0 4 0 1 .4 6 2 8 1 1 .4 6 3 2 1

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

i n g  c e l l  u r i n g  c e l l  
G e * ' 1 5 .9 0 1  5 . 8 7 8
Ce ' ’ ’ ' 5 . 5 8 1  5 . 5 8 1
Ce ' ’ ' + C e ' ’ ’ ' 1 1 . 4 8 2  1 1 .4 5 9
C e ' • ' /  C e '  ' "  1 . 0 5 7  1 . 0 5 3
l o g  0 .0 2 2 4 3  .
c o r r e c t i o n  0 . 0 0 1 2 8

C e l l No. 2A Ce e l e c  t r o d e No. I I
Time tem p. b a r .  p . p r e s s . E E
(bars) ( ° c . ) c o r r . t o c o r r ’n . o b s . c o r r . t o E o-

0°C . . (E) 760 mm.
w

13 15 7 4 9 . 7 0 .0 0 0 3 5 1 .4 6 2 6 7 1 .4 6 3 0 2
15 7 4 9 .0 0 .0 0 0 3 6 1 .4 6 2 7 8 1 .4 6 3 1 4  .
18 7 4 7 . 2 0 . 0 0 0 3 9 1 .4 6 2 7 9 1 .4 6 3 1 8
2 0 . 5 7 4 6 .7 0 .0 0 0 4 0 1 .4 6 2 8 5 1 .4 6 3 2 5
2 1 . 5 7 4 6 .6 0 .0 0 0 4 0 1 . 4 6 2 8 3 1 .4 6 3 2 3
3 4 . 5 25 7 4 1 . 6 0 .0 0 0 7 0 1 .4 5 9 7 7 1 .4 6 0 4 7
3 6 . 5 7 4 0 . 5 0 .0 0 0 7 1 1 .4 5 9 7 4 1 .4 6 0 4 5
38 7 4 0 . 2 0 . 0 0 0 7 2 1 .4 5 9 7 4 1 .4 6 0 4 6
40 7 3 8 . 8 0 .0 0 0 7 4 1 .4 5 9 7 0 1 .4 6 0 4 4
42 7 3 8 . 2 0 . 0 0 0 7 6 1 . 4 5 9 6 9 1 .4 6 0 4 5
64 35 7 4 1 .4 0 . 0 0 1 0 6 1 .4 5 7 1 1 1 .4 5 8 1 7
65 7 4 1 . 3 0 . 0 0 1 0 6 1 .4 5 7 0 5 1.4-5811
66 7 4 1 . 2 0 . 0 0 1 0 6 1 . 4 5 7 0 8 1 .4 5 8 1 4 1 .4 5 9 6

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

in g  c e l l  u r ing :  c e l l  
C e ' "  5 . 9 0 1  5 .8 9 9
G e ’ 111 5 . 5 8 1  5 . 5 7 1
Ce ’ * ’ + C e ' ’ ’ ' 1 1 .4 8 2  1 1 .4 7 0
C e ’ »’/  C e ’ ’ ’ • 1 . 0 5 7  1 . 0 5 8
l o g  0 . 0 2 4 4 9
c o r r e c t i o n  0 .0 0 1 5 0



C e l l Ho. 3A Ce e l e c t r o d e No. I l l
t im e te m p . b a r .  p . p r e s s .

•®obs.
E

( h r s ) (°c. ) c o r r . t o c o r r ' n . c o r r . t o
0 °C. (E) 760 mm.

13 15 7 4 9 .7 0 . 0 0 0 3 5 1 . 4 6 1 8 8 1 .4 6 2 2 3
2 0 . 5 7 4 6 .7 0 .0 0 0 4 0 1 . 4 6 2 7 5 1 . 4 6 3 1 5
2 1 . 5 7 4 6 . 6 0 .0 0 0 4 0 1 .4 6 2 7 6 1 .4 6 3 1 6
3 4 . 5 25 7 4 1 . 6 0 .0 0 0 7 0 1 . 4 5 9 6 6 1 . 4 6 0 3 6
3 6 . 5 7 4 0 . 5 0 . 0 0 0 7 1 1 . 4 5 9 6 5 1 . 4 6 0 3 6
38 7 4 0 . 2 0 . 0 0 0 7 2 1 . 4 5 9 6 6 1 .4 6 0 3 8
39 7 3 9 . 2 0 .0 0 0 7 4 1 . 4 5 9 6 2 1 .4 6 0 3 6
40 7 3 8 . 8 0 . 0 0 0 7 4 1 . 4 5 9 6 0 1 .4 6 0 3 4
42 7 3 8 . 2 0 . 0 0 0 7 6 1 . 4 5 9 5 9 1 . 4 6 0 3 5

E,

1.4-617

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

i n g  c e l l  u r i n g  c e l l  
C e ’ ”  5 . 9 0 1  5 . 8 7 8
C e ' ” ' 5 . 5 8 1  5 . 5 7 3
Ce ' ”  + Ce ' ”  ' 1 1 . 4 8 2  1 1 . 4 5 1
Ce ”  ’/  Ce ’ ”  ’ 1 . 0 5 7  1 . 0 5 5
l o g  0 . 0 2 3 2 5
c o r r e d t i o n  0 .0 0 1 3 7

C e l l No. 4A Ce e l e c t r o d e N o. IV
t im e "fcdfljp • b a r .  p . p r e s s . E u o b s .

E
( h r s ) ( ° C . ) c o r r . t o c o r r 1n . c o r r . t o

0°C . ■(E) 760 mm.
. 1 3  . 15 7 4 9 .7 0 . 0 0 0 3 5 1 . 4 6 1 8 9 1 .4 6 2 2 4

2 0 . 5 7 4 6 .7 0 . 0 0 0 4 0 1 . 4 6 2 7 6 1 .4 6 3 1 6
2 1 . 5 7 4 6 . 6 0 . 0 0 0 4 0 1 . 4 6 2 7 6 1 .4 6 3 1 6
3 6 . 5 25 . 7 4 0 . 5 0 . 0 0 0 7 1 1 . 4 5 9 6 7 1 . 4 6 0 3 8
38 7 4 0 . 2 0 . 0 0 0 7 2 1 .4 5 9 6 6 1 . 4 6 0 3 8
39 7 3 9 . 2 0 . 0 0 0 7 4 1 . 4 5 9 6 5 1 .4 6 0 3 9
40 7 3 8 . 8 0 . 0 0 0 7 4 1 . 4 5 9 6 2 1 .4 6 0 3 6
42 7 3 8 . 2 0 . 0 0 0 7 6 1 . 4 5 9 6 1 1 .4 6 0 3 7
64 35 7 4 1 . 4 0 . 0 0 1 0 6 1 .4 5 6 8 4 1 .4 5 7 9 0
65 7 4 1 . 3 0 . 0 0 1 0 6 1 . 4 5 6 8 6 1 . 4 5 7 9 2
66 7 4 1 . 2 0 . 0 0 1 0 6 1 . 4 5 6 8 7 1 . 4 5 7 9 3

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

i n g  c e l l  u r i n g  c e l l  
C e ” ' 5 . 9 0 1  5 . 8 9 1
C e ” ”  5 . 5 8 1  5 .5 6 7
Ce ’ ”  + Ce ”  ”  1 1 . 4 8 2  1 1 . 4 5 8
Ce ’ ” /  C e ”  ”  1 . 0 5 7  1 . 0 5 8
l o g  0 . 0 2 4 4 9
c o r r e c t i o n  0 . 0 0 1 5 0
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C e l l  No. 5A 
t im e  t e m p .  b a r .  p .
( h r s )  ( ° C . ) c o r r . t o

D°c
12 15 7 4 1 . 2
1 2 . 5  7 4 1 . 1
13 7 4 1 .0
1 3 . 5  7 4 1 . 0
14 7 4 0 . 8

E o b s .

Ce e l e c t r o d e  No. I  
p r e s s ,  
c o r r ' n .

(E)
0 . 0 0 0 5 2  1 .4 6 2 2 7
0 . 0 0 0 5 2  1 .4 6 2 2 4
0 . 0 0 0 5 3  1 . 4 6 2 2 2
0 . 0 0 0 5 3  1 . 4 6 2 2 5
0 . 0 0 0 5 3  1 .4 6 2 2 6

E
c o r r . t o  
760 mm 
1 .4 6 2 7 9  
1 .4 6 2 7 6  
1 .4 6 2 7 5
1 .4 6 2 7 8
1 .4 6 2 7 9

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

i n g  c e l l  u r i n g  c e l l
C e ’ "  0 . 9 9 5  1 . 0 0 5
C e ” "  0 . 9 2 7  0 . 9 2 9
C e "  • + C e "  "  1 . 9 2 2  1 . 9 3 4
C e « " /  G e "  "  1 . 0 7 3  1 . 0 8 2
l o g  0 .0 3 4 i |3
c o r r e c t i o n  0 . 0 0 1 9 5

C e l l No. 6A Ce e l e c t r o d e No. I I
t im e te m p . b a r .  p . p r e s s .

E o b s .
E

( h r s ) (°c.) c o r r . t o c o r r 1n . c o r r . t o
0°C . (E) 760 mm.

12 15 7 4 1 . 2 0 . 0 0 0 5 2 1 . 4 6 2 1 6 1 . 4 6 2 6 8  "
1 2 . 5 7 4 1 . 1 0 . 0 0 0 5 2 1 . 4 6 2 1 2 1 .4 6 2 6 4
13 7 4 1 . 0 0 . 0 0 0 5 3 1 . 4 6 2 1 2 1 . 4 6 2 6 5
1 3 . 5 7 4 1 . 0 0 . 0 0 0 5 3 1 . 4 6 2 1 4 1 .4 6 2 6 7
14 7 4 0 . 8 0 . 0 0 0 5 3 1 . 4 6 2 1 5 1 .4 6 2 6 8
1 9 . 5 25 7 3 7 . 9 0 . 0 0 0 7 9 1 . 4 5 9 1 8 1 .4 5 9 9 7
23 7 3 9 . 4 0 . 0 0 0 8 0 1.4-5913 1 .4 5 9 9 3
4 0 . 5 7 4 3 . 1 0 . 0 0 0 7 0 1 . 4 5 8 9 2 1 . 4 5 9 6 2
41 .7 4 3 .0 0 . 0 0 0 7 0 1 . 4 5 8 9 4 1 .4 5 9 6 4
4 1 . 5 7 4 2 . 5 0 . 0 0 0 7 1 1 . 4 5 8 9 2 1 .4 5 9 6 3
42 7 4 2 . 3 0 . 0 0 0 7 1 1 . 4 5 8 9 1 1 . 4 5 9 6 2
4 2 . 5 7 4 2 . 1 0 . 0 0 0 7 2 1 . 4 5 8 9 0 1 . 4 5 9 6 2
6 4 . 5 35 7 4 1 . 1 0 . 0 0 1 0 6 1 . 4 5 6 1 2 1 . 4 5 7 1 8
65 7 4 1 . 0 0 . 0 0 1 0 6 1 . 4 5 6 1 0 1 .4 5 7 1 6
66 7 4 0 . 4 0 . 0 0 1 0 8 1 .4 5 6 0 4 1 . 4 5 7 1 2
6 6 . 5 7 4 0 . 3 0 . 0 0 1 0 8 1 . 4 5 6 0 4 1 . 4 5 7 1 2

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

i n g  c e l l  u r i n g  c e l l
C e "  ’ 0 . 9 9 5  1 . 0 1 2 ,
C e "  "  0 . 9 2 7  0 . 9 1 6
Ce 1 "  + Ce "  "  1 . 9 2 2  1 . 9 2 8
Ce * " /  Ce "  "  1 . 0 7 3  1 . 1 0 5
l o g  0 . 0 4 3 3 6
c o r r e c t i o n  0 . 0 0 2 6 4

1 .4 6 4 7

Eo

1 .4 5 9 8
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C e l l No. 7A Ce e l e c  t r o d e No. IV
t im e tem p . b a r .  p . p r e s s . E
( h r s ) ( ° G . ) c o r r . t o c o r r ' n . ® o b s . c o r r . t o

0 c C. (E) 760 mm.
12 15 7 4 1 . 2 0 . 0 0 0 5 2 1 .4 6 2 1 7 1 .4 6 2 6 9
1 2 . 5 7 4 1 . 1 0 . 0 0 0 5 2 1 . 4 6 2 1 6 1 .4 6 2 6 8
13 7 4 1 . 0 0 . 0 0 0 5 3 1 . 4 6 2 1 6 1 .4 6 2 6 9
1 3 . 5 7 4 1 . 0 0 . 0 0 0 5 3 1 . 4 6 2 1 8 1 .4 6 2 7 1
14 740 .  -8 0 . 0 0 0 5 3 1 . 4 6 2 1 9 1 .4 6 2 7 2
1 9 . 5 25 7 3 7 . 9 0 . 0 0 0 7 9 1 . 4 5 9 2 6 1 .4 6 0 0 5
23 7 3 9 . 4 0 .0 0 0 8 0 1 . 4 5 9 2 3 1 .4 6 0 0 3
4 0 . 5 7 4 3 . 1 0 . 0 0 0 7 0 1 . 4 5 9 1 5 1 .4 5 9 8 5
41 7 4 3 . 0 0 .0 0 0 7 0 1 . 4 5 9 1 5 1 .4 5 9 8 5
4 1 . 5 7 4 2 . 5 0 .00G 71 1 . 4 5 9 1 3 1 .4 5 9 8 4
42 7 4 2 . 3 0 . 0 0 0 7 1 1 . 4 5 9 1 1 1 . 4 5 9 8 2
4 2 . 5 7 4 2 . 1 0 . 0 0 0 7 2 1 . 4 5 9 1 1 1 .4 5 9 8 3

Eo

1 .4 6 1 9

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

i n g  c e l l  u r i n g  c e l l  
0 . 9 9 5  
0 . 9 2 7  
1 . 9 2 2  
1 . 0 7 3

Ce « ' ’
Ce * 1 ’ 1
Ce ' 11 + C e ’ 1 1 ' 
Ce • ' ' /  Ce » ' •  1
l o g
c o r r e c t i o n

1 , 0 0 2  
0 . 9 2 3  
1 . 9 2 5  
1 . 0 8 6  
0 ,0 3 5 8 3  
0 . 0 0 2 1 2

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

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

e e r i e  ammonium s u l f a t e s  a r e  r e c o r d e d  i n  T a b l e s  I , I I ,  an d  I I I .  

T h e se  d a t a  a r e  e x p r e s s e d  g r a p h i c a l l y  i n  F i g .  4 .  From t h i s  

g r a p h  i t  i s  e v i d e n t  t h a t  t h e  p o t e n t i a l  i s  d e p e n d e n t  upon t h e  

t o t a l  c o n c e n t r a t i o n  o f  e e r i e  an d  c e r o u s  ammonium s u l f a t e s .

Kunz (Kunz ,  J .  Am. Chem. S o c . , jxS, 96 ,  ( 1 9 3 1 ) )  showed t h a t  

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

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

c e n t r a t i o n  o f  c e r i u m  s u l f a t e s .  He a l s o  showed t h a t  i n  a  h i g h ­

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

t r o d e  was l o w e r .  A g r a p h  o f  Kunz* d a t a  i s  shown i n  F i g .  5.

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

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

o f  c e l l s  a t  two w i d e l y  s e p a r a t e d  c o n c e n t r a t i o n s  o f  t o t a l  

c e r i u m  w i t h  t h e  r a t i o  e q u a l  t o  a p c r o x i ' r a a t e l y  o n e ,  u s i n g  e e r i e  

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

0 . 5  f o r m a l  s u l f u r i c  a c i d .  These  s a l t s  w ere  p r e p a r e d  by i g ­

n i t i n g  some e e r i e  ammonium s u l f a t e  s t r o n g l y  f o r  s e v e r a l  h o u r s  

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

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

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

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

an d  c e r o u s  s u l f a t e s .  T a b le  IY shows t h e  d a t a  f rom  t h e s e  

c e l l s ,  a n d  t h e y  a r e  e x p r e s s e d  g r a p h i c a l l y  i n  F i g .  6 .

A f t e r  m e a s u r e m e n t  and  a n a l y s i s  o f - t h e s e  c e l l s  was com-
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T a b le I .  ( 1 5 ° C . )

C e l l  No. T o t a l  Ce Ce * ' ' / C e  ' ' " S c o r r .  
t o  760 mm.

2 1 9 . 8 3 8 1 . 0 1 3 1 . 4 6 0 9
4 1 5 . 8 6 1 1 . 0 1 3 1 .4 6 1 4

11 1 1 .9 9 9 1 . 0 2 5 1 .4 6 1 8
15 8 . 0 5 9 1 . 0 3 4 1 .4 6 2 3
16 8 . 0 4 7 1 .0 2 0 1 . 4 6 2 6
17 8 . 0 4 4 1 .0 1 7 1 . 4 6 2 7
18 7 . 9 6 3 1 .0 2 0 1 . 4 6 2 7
22 5 . 2 9 6 1 . 6 9 9 1 .4 5 0 7
25 4 . 0 4 2 1 . 0 5 1 1 .4 6 2 8
28 2 . 0 2 5 1 . 0 5 5 1 .4 6 3 5

T a b le  I I  ( 2 5 ° C . )

C e l l  No. T o t a l  Ce Ce ' • ' /C e

3 1 9 . 8 4 6 1 . 0 1 3
-5 1 6 . 0 4 5 1 . 0 1 6
6 1 5 . 9 7 8 1 . 0 0 5

13 1 1 .9 4 4 1 .0 1 2
19 7 . 9 5 4 1 .0 2 1
24 5 . 3 2 3 1 . 6 9 2
27 2 . 0 0 7 1 .0 5 7

. , . ^ c o r r . 
tQ 760 mm.

1 .4 5 7 9
1 . 4 5 8 5
1 .4 5 8 6  
1 . 4 5 9 2  
1 . 4 5 9 8  
1 .4 4 7 4  
1 . 4 6 0 5

T a b le  I I I  ( 3 5 ° C . )

C e l l  No. T o t a l  Ce Ce ' ' ' / C e  ’ ' ’ ' •“■ corr .
t o  760 mm.

1 1 9 . 8 5 5 1 .0 2 0 1 . 4 5 5 3
7 1 6 . 0 0 2 1 .0 0 7 1 . 4 5 6 3
8 1 2 . 1 4 2 1 . 0 5 3 1 . 4 5 5 8
9 1 2 . 0 8 1 . 1 .0 2 7 1 . 4 5 6 5

10 1 2 . 0 7 7 1 . 0 2 7 114565
12 1 2 .0 4 9 1 . 0 2 8 1 . 4 5 6 5
14 1 1 . 9 5 3 1 . 0 1 5 1 .4 5 6 9
20 7 . 9 6 2 1 . 0 2 6 1 .4 5 7 5
21 5 . 3 0 8 1 .7 0 0 1 .4 4 4 6
23 5 . 2 9 9 1 . 7 0 1 1 . 4 4 4 5
26 2 .0 1 2 1 . 0 5 8 1 .4 5 8 1

So

1 . 4 6 1 2
■1.4617
1 .4 6 2 4
1 .4 6 3 1
1 . 4 6 3 1
1 . 4 6 3 2
1 . 4 6 3 2  
1 . 4 6 3 9  
1 . 4 6 4 1  
1 .4 6 4 9

So

1 . 4 5 8 2
1 .4 5 8 9
1 .4 5 8 6
1 .4 5 9 5
1 .4 6 0 4
1 .4 6 1 0
1 . 4 6 1 9

S0
1 . 4 5 5 8
1 . 4 5 6 5
1 . 4 5 7 2  
1 .4572-
1 . 4 5 7 2
1 . 4 5 7 2
1 . 4 5 7 3  
1 . 4 5 8 2  
1 .4 5 8 7  
1 . 4 5 8 6  
1*4596



— -37 —

i t

t.

i;

10

1

Fig ,  ii. C o n c en t r e  l i o n  -  p o t e n t  i p l  c u r r p p  o f  
e e r i e  -  c e r o u s  Gtumanivsb p u l f f i t e  c e l l p  r-1 1;3C , £?50 > •
35-'J C. in 0 , 5  forui/».l s u l f u r i c  e c i d .
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I’ itf:. f-, C o n c e n t r e t i o n  -  p o t e n t i a l  c u r v e?  o f  e e r i e  - 

p u l f p t *  c e l l s  (Kun?)  f i t  ?K°C, in  1 , 0  end  0.  
p u l f u r i c  a c i d ,



T a b l e  IV

C e l l  No. t e m p . T o t a l  Ce Ce • ' ' / C e  "  » ' ® c o r r . E0
to  760 mm

1A 15 1 1 . 4 5 9 1 . 0 5 3 1 .4 6 3 2 1 . 4 6 4 5
5A 1 . 9 3 4 1 . 0 8 2 1 .4 6 2 8 1 .4 6 4 7

3A 25 1 1 . 4 5 1 1 . 0 5 5 1 . 4 6 0 4 1 .4 6 1 7
7A 1 . 9 2 5 1 . 0 8 6 1 .4 5 9 8 1 . 4 6 1 9

2A 35 1 1 . 4 7 0 1 . 0 5 8 1 . 4 5 8 1 1 . 4 5 9 6
4A 1 1 . 4 5 8 1 . 0 5 8 1 . 4 5 8 1 1 . 4 5 9 6
6A 1 . 9 2 8 1 . 1 0 5 1 .4 5 7 1 1 .4 5 9 8

T a b le  V

t im e  
( h r s ) 
8 

26 
55 
72

T o t a l  Ce c o n c e n t r a t i o n  
1 1 . 4 8 2  

a d d i t i o n s  t o  
e l e c t r o d e  I I

none
0 . 0  7 5 g . 
0 . 0 7 5 g .

HH/,;4 I 2 ? ° 4
) 2S04

Ce ' » ' / C e  "  ' 1 
1 . 0 5  

e l e c t r o d e

1 . 4 5 7 0 6
1 . 4 5 6 8 1
1.4564-3

12 d r o p s  c o n c .  H2 SO4 1 . 4 5 6 2 9

I I
1 .4 5 6 9 6
1 .4 5 4 9 3
1 .4 5 2 7 3
1 .4 5 0 8 8

d r o p  i n  E

0 . 0 0 1 7 8
0 . 0 0 1 8 2
0 . 0 0 1 7 1

T a b le  VI

-  a H a n d  -  a F f o r  t h e  r e a c t i o n  C e 1 ' ' '  * e —» C e ' ' '  
i n  0 . 5 f  s u l f u r i c  a c i d  a t  d i f f e r e n t  t e m p e r a t u r e s .

tem p .  E ' dE - A H  -  a ?
( ° C . )  ( v o l t s )  dT ( c a l . )  ( c a l . )

15 1 . 4 6 5 6  0 . 0 0 0 3 3 7  3 6 , 0 3 3  3 3 , 7 9 5
25 1 .4 6 2 6  0 . 0 0 0 2 6 5  3 5 ,5 4 7  3 3 . 7 2 6
35 1 . 4 6 0 3  0 . 0 0 0 1 9 4  3 5 ,0 5 0  3 3 , 6 7 3
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li

a
C)t:

1, ̂ 60 
E ( v o l t e )

6. C o n c e n t r a t i o n  -  p o t e n t i a l  carver- of  c e r t c  - s e r o u s  ?u*i~ 
f e t e  c e l l  6 e t  I ? 0 , ?5° ,  end 35°* - r- 0*5 fcroiel  s u l f u r i c  ecid^-

A
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p l e t e d ,  two o f  t h e  c e r i u m  h a l f - c e l l s  were  r e f i l l e d  with,  t h e  

s o l u t i o n  i n  w h i c h  t h e  t o t a l  c o n c e n t r a t i o n  o f  c e r i u m  was 11.48i3 

m i l l i m o l e s  p e r  t h o u s a n d  g ram s  o f  s o l u t i o n .  When t h e y  h ad  come 

t o  e q u i l i b r i u m ,  a  q u a n t i t y  o f  s o l i d  ammonium s u l f a t e  (O.OVbgi!) 

c a l c u l a t e d  t o  be  e q u a l  t o  t h e  q u a n t i t y  w h i c h  w ou ld  h a v e  o ee n  

p r e s e n t  h a d  th e  s o l u t i o n  o r i g i n a l l y  b e e n . p r e p a r e d  f rom  e e r i e  

and c e r o u s  ammonium /s u l f a t e s , was a d d e d  to  t h e  s o l u t i o n  i n  one 

o f  t h e  c e r i u m  h a l f - c e l l s .  When t h e  s o l i d  was c o m p l e t e l y  

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

c e l l  (when t h e  p o t e n t i a l  h a d  c e a s e d  t o  v a r y ) ,  a n o t h e r  e q u a l  

a d d i t i o n  was m ade .  When e q u i l i b r i u m  was a g a i n  e s t a b l i s h e d ,  

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

h a l f - c e l l .  E q u i l i b r i u m  v a l u e s  o f  p o t e n t i a l  c o r r e c t e d  t o  

760 mm. p r e s s u r e  a r e  r e c o r d e d  i n  T a b le  V. Erom t h e s e  d a t a  i t  

may be  s e e n  t h a t  t h e  a d d i t i o n  o f  s u l f a t e  i o n  t o  t h e  s o l u t i o n  

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

be  a d d e d  a s  ammonium s u l f a t e  o r  s u l f u r i c  a c i d .  The e x p l a n a t i o n  

o f  t h i s  b e h a v i o r  may be a s  f o l l o w s :  S i n c e  t h e  p o t e n t i a l  o f

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

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

C e 1 "  ( c 1 X a * )
C e "  ' ’ (c«  X a w)

( a ’ an d  a ” b e i n g  t h e  a c t i v i t i e s  o f  t h e  e e r i e  and  c e r o u s  i o n s ,  

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

i t s  i n f l u e n c e  on t h e  p o t e n t i a l  b y  e f f e c t i n g  a  change '  i n  t h e  

a c t i v i t i e s  o f  one o r  b o t h  o f  t h e s e  two i o n s .  The e f f e c t ,  a s  

s t a t e d  p r e v i o u s l y ,  i s  a  d e c r e a s e  i n  p o t e n t i a l ,  w h i c h  i s  c a u s e d
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by a n  i n c r e a s e  i n  t h e  a b o v e  r a t i o .  T h i s  r a t i o ' i n c r e a s e  may 

be  D r o u g h t  a b o u t  by e i t h e r  o r  Doth o f  two c h a n g e s :  f i r s t ,  by

i n c r e a s i n g  t h e  a c t i v i t y  o f  t h e  c e r o u s  i o n ;  and. second.,  by d e ­

c r e a s i n g  t h e  a c t i v i t y  o f  t h e  e e r i e  . ion. T h i s  l a t t e r  seem s 

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

t o  h y d r o l y z e  an d  fo rm  c o m p le x e s  i s  much more p r o n o u n c e d  t h a n  

- th a t  o f  t h e  c e r o u s  i o n .  '

The c h a n g e  i n  p o t e n t i a l  w i t h  r e s p e c t  t o  t o t a l  c o n c e n ­

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

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

o p p o s i t e  d i r e c t i o n .  A c c o r d i n g  t o  Kunz,  t h e  p o t e n t i a l  i n  O.b 

f o r m a l  a c i d  d e c r e a s e d  0 . 8  m i l l i v o l t s  a s  t h e  c o n c e n t r a t i o n  o f  

c e r i u m  d e c r e a s e d  f rom  11 t o  0 m i l l i m o l e s  o f  c e r i u m  p e r  t h o u ­

s a n d  g ram s  o f  s o l u t i o n .  I n  t h e  p r e s e n t  w ork ,  o v e r  t h e  same 

c o n c e n t r a t i o n  r a n g e ,  t h e  p o t e n t i a l  i n c r e a s e d  0 . 3  m i l l i v o l t s .  

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

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

a t  2 5 °  C. when e x t r a p o l a t e d  t o  z e r o  c o n c e n t r a t i o n  o f  c e r i u m ,  

K u n z '  v a l u e  b e i n g  1 . 4 6 0 2  v o l t s ,  a n d  t h a t  o f  t h i s  e x p e r i m e n t ,  

1 . 4 6 2 0  v o l t s .

A t  z e r o  c o n c e n t r a t i o n  o f  e e r i e  and  c e r o u s  ammonium s u l ­

f a t e s ,  t h e  e f f e c t  o f  t h e  ammonium s u l f a t e  a s  w e l l  a s  t h a t  o£ 

t h e  j u n c t i o n  p o t e n t i a l  s h o u l d  become z e r o ,  so  t h e  e x t r a p o l a ­

t i o n  o f  t h e  c u r v e s  i n  F i g .  4 g i v e s  t h e  n o r m a l  o x i d a t i o n - r e d u c -  

t i o n  p o t e n t i a l  o f '  t h e  c e r i c - c e r o u s  e l e c t r o d e  i n  0 . 5  f o r m a l  

s u l f u r i c  a c i d  a t  1 5 ° ,  2 5 ° ,  and  3 5 °  C . ,  m e a s u r e d * a g a i n s t  a
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h y d r o g e n  e l e c t r o d e  a t  25°C .  an d  760 mm. o f  m e r c u ry  i n  0 . 5  

f o r m a l  s u l f u r i c  a c i d .

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

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

m e n ts  o f  t h e  c e r i u m  ammonium s u l f a t e  c e l l s ,  and  t h o s e  f ro m  t h e  

c e r i u m  s u l f a t e  c e l l s  d i f f e r  by a p p r o x i m a t e l y .  0 . 5  m v . ,  t h e  temp­

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

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

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

c o n t e n t  ( -  A F  and  -  AH) r e c o r d e d  i n  T a b le  VI a r e  l a r g e ,  a s  

w ou ld  be e x p e c t e d  f ro m  a  s y s t e m  w i t h  s u c h  a  h i g h  p o t e n t i a l .

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

C e , , , , + e  C e , , ,  i s  p o s i t i v e ,  d e n o t e s  t h a t  t h e  r e a c t i o n

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

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

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

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

m in e d  c a l o r i m e t r i c a l l y  a r e  n o t  a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .

SUMMARY

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

e l e c t r o d e  i n  0 . 5  f o r m a l  s u l f u r i c  a c i d  h a s  b e e n  d e t e r m i n e d ' a t
. I

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

0 . 5  f o r m a l  s u l f u r i c  a c i d  a t  760 mm. p r e s s u r e  an d  25°  

v a l u e s  a r e :  a t  15°  - 1 . 4 6 5 6 ;  a t  2 5 °  - 1 . 4 6 2 6 ;  a t  35

1 . 4 6 0 3  v o l t s .
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2 .  The e f f e c t  o f  ammonium s u l f a t e  o r  s u l f u r i c  a c i d  on th e

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

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

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

d e t e r m i n e d ,  a t  t h r e e  t e m p e r a t u r e s .  The v a l u e s  a r e  a t  15°  ' -

0 . 0 0 0 3 3 ;  a t  2 5 °  -  0 . 0 0 0 2 7 ;  a t  3 5 °  -  0 . 0 0 0 2 0  v o l t s  p e r

d e g r e e . .

4 .  The d e c r e a s e  i n  h e a t  c o n t e n t  ( -  AH) f o r  t h e  r e a c t i o n

C e , , , 1  + e — > C e 111 h a s  b e e n  d e t e r m i n e d  a t  t h r e e  t e m p e r a t u r e s .

The v a l u e s  a r e :  a t  15°  -  3 6 , 0 3 3  c a l . ;  a t  25°  -  3 5 , 5 4 7  c a l . ;

a t  35°  -  3 5 , 0 SO c a l .

5 .  The f r e e  e n e r g y  d e c r e a . s e  ( -  AS1) f o r  t h e . a b o v e  r e a c t i o n

h a s  b e e n  d e t e r m i n e d  a t  t h r e e  t e m p e r a t u r e s .  T h e - v a l u e s  a r e :

at-  15°  -  3 3 , 7 9 5  c a l . ;  a t  2 5 °  -  33 ,  726 c a l . ;  a t  35°  -  3 3 , 6 7 3

Cdili *


