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V ^ T R ACT.

The p r o g r e s s  o f  th e  o x id a t io n  o f  t h i o e u l p h a t e  "by 

f e r r i c y a n i d e  io n  h a s  b e e n  fo l lo w e d  s p e c t r o p h o t o m e t r i c a l l y  

i n  b u f f e r e d  s o l u t i o n  o v e r t h e  pH ra n g e  14. -  7« T r a c e r  

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

th e  m a jo r  p ro d u c t  o f  o x i d a t i o n ,  some s u lp h a te  b e in g  fo rm ed  

when e q u iv a le n t  c o n c e n t r a t i o n s  o f  t h e  r e a c t a n t s  w ere  u s e d .

The r e a c t i o n  was fo u n d  t o  b e  c a t a l y s e d  b y  t e t r a t h i o n a t e ,  

and  k i n e t i c s  i n  t h e  a b se n c e  o f  p r o d u c t s  w ere  s t u d i e d  a s  

i n i t i a l  r a t e s .  Two r a t e  la w s ,  b o t h  in d e p e n d e n t  o f  

f e r r i c y a n i d e ,  w ere  fo u n d  t o  a p p ly .  One o f  t h e s e ,  f i r s t  o r d e r  

w i t h  r e s p e c t  t o  h y d ro g e n  and  se co n d  o r d e r  w i th  r e s p e c t  t o  

t h i o s u l p h a t e  was shown t o  p ro c e e d  by  a  m echanism  w h ic h  h a s  

p r e v i o u s ly  b e e n  o b se rv e d  f o r  t h e  i n i t i a l  s t a g e s  o f  t h e  a c id  

c a t a l y s e d  d e c o m p o s it io n  o f  t h i o s u l p h a t e .  No d e t a i l e d  

m echanism  was p ro p o s e d  f o r  t h e  se c o n d  c o n t r i b u t o r  v /h ich  

a p p e a re d  t o  b e  d o m in an t a t  h ig h  c a t i o n  c o n c e n t r a t i o n  w here  

t h e  o r d e r  v / i th  r e s p e c t  t o  h y d ro g e n , t h i o s u l p h a t e  an d  c a t i o n  

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

r e s o lv e d  by  f i t t i n g  r a t e - [ s ^ O ^ ^ ’~] d a t a  t o  a  se c o n d  d e g re e  

p o ly n o m ia l  i n  t e t r a t h i o n a t e  c o n c e n t r a t i o n .  T h is  e x p r e s s io n  

was fo u n d  t o  b e  e q u iv a le n t  t o  a  r a t e  law  o f  f i r s t  o r d e r  

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

a g re em e n t w i th  p r e v i o u s ly  r e p o r t e d  w o rk .

K in e t i c  d a t a  f o r  t h e  o x id a t io n  o f  t h i o s u l p h a t e  by  

io d a t e  and  by  b ro m a te  io n s  a r e  p r e s e n t e d ,  t h e  fo rm e r  r e a c t i o n  

show ing  c a t a l y s i s  by  p o ta s s iu m  and c a e s iu m  io n s  b u t  n o t  

sodium  i o n .  The l a t t e r  r e a c t i o n ,  f o r  w h ic h  o n ly  a  

p r e l im in a r y  s tu d y  was m ade, show ed g e n e r a l  a c id  c a t a l y s i s .
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B o th  p r o c e s s e s  gave  r a t e  la w s , w i th  r e s p e c t  t o  t h i o s u l p h a t e ,  

h y d ro g e n  and h a l a t e  i o n s ,  v /h ich  w ere  th e  same a s  th o s e  

r e p o r t e d  by  p r e v io u s  a u th o r s  and  t h e  o b se rv e d  r e s u l t s  w ere  

e x p la in e d  i n  te rm s  o f  w e l l  e s t a b l i s h e d  m ech an ism s.



h.

AGIOîOWLEDGEMEI^TS.

I  w ou ld  l i k e  t o  th a n k  P r o f e s s o r  G, H, W il l ia m s  f o r  

o f f e r i n g  me a  p l a c e  i n  th e  C h e m is try  D e p a rtm en t a t  B e d fo rd  

C o lle g e  t o  c a r r y  o u t t h e  w ork  d e s c r ib e d  i n  t h i s  t h e s i s .

My th a n k s  a r e  a l s o  d u e  t o  my s u p e r v i s o r .

D r . K. E , H o w ie t t , f o r  h i s  c o n s t a n t  h e lp  and  e n c o u ra g e m e n t, 

and  f o r  h i s  a s s i s t a n c e  w i th  t h e  t h e o r e t i c a l  i n t e r p r e t a t i o n  

o f  th e  r e s u l t s ,

I  w is h  t o  th a n k  t h e  T e c h n ic a l  S t a f f  i n  t h e  D e p a rtm en t 

o f  C h e m is try  f o r  t h e i r  a s s i s t a n c e  d u r in g  t h e  c o u rs e  o f  

th e  w o rk ,

F i n a l l y ,  I  g r a t e f u l l y  acknow ledge  a  S c ie n c e  R e s e a rc h  

C o u n c il  S tu d e n ts h ip  w h ic h  made t h i s  w ork  p o s s i b l e .

B .L.W .



CONTENTS.

5 .

S e c t io n  I . I n t r o d u c t i o n , 6 .

The r e a c t i o n  b e tw e e n  t h i o s u ln h a t e  

and f e r r i c y a n id e  i o n s .

S e c t io n  I I ,  E x p e r im e n ta l  R e s u l t s

S e c t io n  I I I ,  G e n e ra l  D i s c u s s io n ,

S e c t io n  IV , C o n c lu s io n .

2 3 .

1 1 9 .

1 3 4 .

The r e a c t i o n  b e tw e e n  

and  h a l a t e  i o n s .

S e c t io n  V . E x p e r im e n ta l  R e s u l t s ,

S e c t io n  V I . G e n e ra l  D i s c u s s io n ,

S e c t io n  V I I ,  C o n c lu s io n .

138 ,

2 0 4 .

2 1 7 .

A p p e n d ic e s ,

B ib l io g r a p h y .

220,

2 2 4 .



s  E G T I  0 K

I N T R O D U G T I  0 N.



7 .

INTRODUCTION.

T h io s u lp h a te  io n  h a s  b e e n  w id e ly  u s e d  i n  aqu eo u s 

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

b e in g ,  p e r h a p s ,  t h a t  w i th  i o d i n e .  Some o f  i t s  r e a c t i o n s  

have  b e e n  re v ie w e d  by  E dw ards ( 1 ) .

G e n e ra l C o n s id e r a t io n s .

T h ere  a r e  s e v e r a l  a p p a r e n t ly  d i s c o n n e c te d  b a ck g ro u n d  

p i e c e s  o f  e v id e n c e  w h ic h  o u g h t t o  b e  c o n s id e r e d  b e f o r e  

e i t h e r  th e  k i n e t i c  i n v e s t i g a t i o n  i s  b eg u n  o r  any  r e s u l t s  

i n t e r p r e t e d .

The s t r u c t u r e  o f  t h e  io n  i s  p f  im p o r ta n c e  i n  a  

m e c h a n is t ic  p ro b le m . Sodium  m ethy11 h io s u lp h o n a te  

(N a(S-SO ^C H ^)) h a s  b e e n  exam ined  b y  m eans o f  X -ra y  

c r y s t a l l o g r a p h y  ( 2 ) ,  The s u lp h u r  -o x y g e n  bond  l e n g t h s  o f  

1 .4 5  -  0 .0 2  £  a r e  s i m i l a r  t o  t h e  mean v a lu e  o f  1 ,4 9  S. 

m easu red  f o r  CaSO^^.RHgO ( 3 ) .  The s u lp h u r - s u lp h u r  bond  

l e n g t h  was fo u n d  t o  b e  1 .9 8  £ ,  c lo s e  t o  1 , 9 7  -  0 . 0 6  S. 

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

The n a tu r e  o f  t h e  l a t t e r  bond  i s  o f  i n t e r e s t .  F o rc e  

c o n s ta n t s  o b ta in e d  from  m easu rem en ts  made w i t h  aq u eo u s 

sodium  t h i o s u l p h a t e  s o l u t i o n s  h ave  s u g g e s te d  t h a t  t h e  8 -8  

bond  p o s s e s s e s  c o n s id e r a b le  d o u b le  bond  c h a r a c t e r .

T h ere  i s  some u n c e r t a i n t y  a s  t o  th e  l e n g t h  o f  an  

8 -8  s i n g l e  b o n d , A braham s h a s  re v ie w e d  th e  s t e r e o c h e m is t r y  

o f  s u lp h u r  ( 4 ) .  P a u l in g  p ro p o s e d  a  v a lu e  o f  2 ,0 8  S., w h e re a s  

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

d i s t a n c e  8 -8 0 ^  c h a n g e s  from  1 ,9 7  S. t o  a  mean v a lu e  o f  

2 .11  R» A num ber o f  compounds 82^2  h ave  bond l e n g t h s  o f  

2 , 0 4  -  2 .0 7  Rf w h i l s t  t h e  l e n g t h  2.21 & i n  w ou ld  b e
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e x p e c te d  t o  c o r r e s p o n d  t o  an  u n u s u a l ly  lo n g  s i n g l e  bond  

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

i s  e x p e c te d .  2 ,0 4  ^  i s  fo u n d  i n  Sg b u t  some d o u b le  bond  

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

o f  o p e n in g  o f  th e  r i n g .

The d o u b le  bond  l e n g t h  i s  p ro b a b ly  a s  i n  th e  Sg 

m o le c u le  i n  t h e  g ro u n d  s t a t e ,  1 ,8 9  5 .  30  -  60% d o u b le  bond  

c h a r a c t e r  i s  th u s  e x p e c te d  f o r  t h e  s u l p h u r - s u lp h u r  bond  

i n  t h i o s u l p h a t e , som ewhat l e s s  th a n  th e  90% e s t im a te d  f o r  

th e  8 -0  b o n d .

The f i r s t  and  se c o n d  d i s s o c i a t i o n  c o n s t a n t s  ( c o r r e c t e d  

t o  z e ro  i o n i c  s t r e n g t h  and  o f  c o u rs e  a s s ig n in g  u n i t  a c t i v i t y  

f o r  w a te r )  f o r  t h i o s u l p h u r i c  a c id  w ere  d e te rm in e d  a t  23^0 

by  P age  ( 3 ) .

H^P + HgSgO^ ^ = ±  H^O"  ̂ + H8gO "  = 0 ,2 3  M,

HgO + HSgO " = 0 .0 1 8  M,

A c o m p a riso n  o f  th e  se c o n d  d i s s o c i a t i o n  c o n s t a n t  (Kg)

w i th  t h a t  f o r  s u l p h u r i c  a c i d  (Kg = 0 ,0 1 2  M, a t  2 3 ^ 0 ) show s

t h a t  a l th o u g h  H8g0^** i s  a  s l i g h t l y  s t r o n g e r  a c id  th a n  HSÔ ^*",

t h e  tw o s t r u c t u r e s  c l o s e l y  re s e m b le  e a c h  o th e r  >

T h ere  i s  no  s u c h  a g re e m e n t b e tw e e n  th 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 .  P age  comm ents t h a t  d i b a s i c  a c i d s  w i th

tw o e q u iv a le n t  i o n i s i n g  g ro u p s  n o rm a l ly  h a v e  f i r s t  and

se co n d  d i s s o c i a t i o n  c o n s t a n t s  d i f f e r i n g  b y  a  f a c t o r  o f  a b o u t 
15

lO r ,  so  t h a t  b o th  a c id s  s h o u ld  h av e  EL| v a lu e s  o f  a b o u t 1000

i f  th e y  h a v e  e q u iv a le n t  p r o t o n s .

Two s t r u c t u r e s  h av e  b e e n  p ro p o s e d  f o r  t h i o s u l p h u r i c

a c id :
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3 ^  OH 0  SH

0 OH 0 ^ O H

( I )  ( I I )

t h e  sy m m etric  s t r u c t u r e  ( I )  i n  w h ic h  th e  i o n i s a b l e  

h y d ro g en  a to m s a r e  b o th  a t t a c h e d  t o  oxygen  a tom s and  th e  

a sy m m e tric  s t r u c t u r e  ( I I )  i n  w h ic h  one h y d ro g e n  i s  a t t a c h e d  

t o  a  s u lp h u r  a to m . The e v id e n c e  o f  th e  d i s s o c i a t i o n  c o n s t a n t s  

i s  t h e r e f o r e  i n  f a v o u r  o f  t h e  u n s y m m e tr ic a l  s t r u c t u r e  f o r  

t h i o s u l p h u r i c  a c i d .

Bond m easu rem en ts  f o r  t h i o s u l p h a t e  s u g g e s t  an  e q u a l

c o n t r i b u t i o n  fro m  e a c h  s t r u c t u r e ,  b u t  t h e  a sy m m e tric  fo rm u la

i s  s t r o n g l y  s u p p o r te d  b y  s t u d i e s  on th e  f o r m a t io n  o f

o rg a n ic  t h i o s u l p h a t e s  from  t h i o l s  and  c h io r o s u lp h o n ic  a c i d .

The h ig h ly  c o lo u re d  f e r r i c  t h i o s u l p h a t e  com plex  io n  i s
‘5+t y p i c a l  o f  t h e  com plexes fo rm ed  b e tw e e n  Pe and  com pounds 

c o n ta in in g  t h e  t h i o l  g ro u p .

The d i s s o c i a t i o n  c o n s t a n t s  o f  p h e n o l  and  th io p h e n o l  

h av e  b e e n  m easu red  u n d e r  s i m i l a r  c o n d i t io n s  and  th e  l a t t e r  

i s  t h e  s t r o n g e r  a c id  b y  3»3 u n i t s  o f  pK. I f  t h i o s u l p h u r i c  

a c id  h a s  t h e  a sy m m e tric  f o rm u la ,  th e  u s u a l  e m p i r i c a l  r u l e s  

w i l l  n o t  a p p ly ,  s in c e  th e  tw o i o n i s a b l e  h y d ro g e n s  a r e  n o t  

e q u iv a l e n t ,  b u t  th e  S-H bond  s h o u ld  b e  p r e f e r e n t i a l l y  

b ro k e n .

A f e a t u r e  o f  r a u l t iv a l e n t  io n s  i s  th e  e a s e  w i t h  v /h ic h  

th e y  fo rm  io n  p a i r s  i n  s o l u t i o n  w i th  c a t i o n s .  D enney and  

Monk (6 )  m easu red  th e  s o l u b i l i t y  o f  t h e  s p a r i n g l y  s o l u b l e  

b a riu m  t h i o s u l p h a t e  i n  a  num ber o f  s o l u t i o n s  o f  m e ta l  

c h l o r i d e s ,  i n  o r d e r  t o  d e te rm in e  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  th e  t h i o s u l p h a t e s  o f  t h e  c o r r e s p o n d in g  c a t i o n s .  Sodium
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and p o ta s s iu m  fo rm  io n  p a i r s  a c c o rd in g  t o  th e  e q u i l ib r iu m ;

2—MSgO^ f = ±  + SgO^

w h i le  th e  b i v a l e n t  c a t i o n s  s t u d i e d  fo rm  o v e r a l l  n e u t r a l  

io n  p a i r e d  s p e c i e s  MSgO^. The l a t t e r  w ere  n o t  a p p l i c a b l e  

i n  th e  sy s te m s  t o  be  d e s c r ib e d  a s  b i v a l e n t  c a t i o n s  w ould  l e a d  

t o  th e  p r e c i p i t a t i o n  o f  one o r  more com ponen ts o f  r e a c t i o n  

m ix tu r e s .

D a v ie s  (7 )  h a s  p o in te d  o u t t h a t  th e  mean i o n i c  a c t i v i t y  

c o e f f i c i e n t s  o f  many e l e c t r o l y t e s  i n  aq u eo u s s o l u t i o n  a t  

23^0 c an  b e  r e p r e s e n te d  o v e r a  c o n s id e r a b le  r a n g e  o f  i o n i c  

s t r e n g t h  b y  th e  e q u a t io n s

-  l o g  f  = 0 .5 0 5  z .  Z„ ——  " —  -  0 .2  I
± ^ 1 + / i

w here  2^ and Zg a r e  th e  m a g n itu d e s  o f  th e  c h a rg e s  o f  th e

io n s  and  I  i s  t h e  i o n i c  s t r e n g t h  i n  m o la r i t y  t e r m s .  He 

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

p ro v id e d  t h a t  t h e  i o n i c  s t r e n g t h  was n o t  to o  g r e a t ;  and  l a t e r  

q u e s t io n e d  w h e th e r  0 ,3  was n o t  a  b e t t e r  e m p i r i c a l  c o n s t a n t  

th a n  0 .2  i n  f i t t i n g  t h e  d a t a .

D enney and Monk a p p l i e d  th e  o r i g i n a l  fo rm u la  t o  t h e i r  

s y s te m . D i s s o c i a t i o n  c o n s t a n t s  w ere  r e p o r t e d ,  c o r r e c t e d  t o  

z e ro  i o n i c  s t r e n g t h ,  a s  0 .1 2  and 0 .21  M. f o r  KSgO^“  and  

NaSgO^" r e s p e c t i v e l y .

T hese  r e s u l t s  w e re  l a t e r  u s e d  b y  P age  i n  o r d e r  t o  

c o r r e c t  f o r  t h e  f o r m a t io n  o f  NaSgO^ i n  h i s  e x p e r im e n ts  t o  

d e te rm in e  th e  s t a b i l i t y  c o n s ta n t  f o r  t h i o s u l p h u r i c  a c id  ( 3 ) .

He assum ed t h e  D a v ie s  e q u a t io n  t o  b e  a p p l i c a b l e  ev en  a t  

i o n i c  s t r e n g t h s  a s  h ig h  a s  0 .9 .  The a s s u m p tio n  seem ed
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j u s t i f i e d  s in c e  c a l c u l a t e d  v a lu e s  f o r  e q u i l i b r iu m  c o n s t a n t s  

a t  z e r o  i o n i c  s t r e n g t h ,

2-1

"  [H S g V J

( f ^  i s  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  d i v a l e n t  io n )  

w ere  c lo s e  o v e r th e  r a n g e  o f  c o n c e n t r a t i o n  s t u d i e d .

F u r th e r  t h e  s t a b i l i t y  c o n s t a n t s  d e te rm in e d  b y  D enney 

and Monk a r e  i n  e x c e l l e n t  a g re e m e n t w i th  c o n d u c ta n c e  d a t a  

o f  J e n k in s  and Monk ( 8 )  f o r  th e  s t a b i l i t y  o f  io n  p a i r s  

fo rm ed  from  th e  c o r r e s p o n d in g  c a t i o n s  and  s u l p h a t e .  T hese  

w ere  fo u n d  t o  be  0 .11  and 0 .1 9  M. r e s p e c t i v e l y .

The o x id a t io n  o f  t h i o s u l p h a t e  i s  o f t e n  a c c o m p lish e d  

i n  a c i d i c  m ed ia  and k i n e t i c  i n v e s t i g a t i o n s  g e n e r a l l y  

r e q u i r e  th e  u s e  o f  b u f f e r e d  s o l u t i o n s  t o  " f i x "  th e  

h y d ro g en  io n  c o n c e n t r a t i o n .  The s t a b i l i t i e s  o f  f r e e  

t h i o s u l p h a t e  io n  and  o f  HSgO^”  n e ed  c o n s i d e r a t i o n .

A c c o rd in g  t o  S id g w ic k  ( 9 ) ,  t h i o s u l p h a t e s  a r e

decom posed r a p i d l y  i n  a c id  s o l u t i o n  t o  g iv e  s u lp h u r ,

s u l p h i t e  and  o th e r  p r o a u c t s  i n c lu d in g  h y d ro g e n  s u lp h id e  and

v a r io u s  p o l y t h i o n a t e s .  Above pH 5 th e  t h i o s u l p h a t e  io n  i s
2__

p r e s e n t  m a in ly  a s  SgO^ “ w h ic h  i s  f a i r l y  s t a b l e  b u t  a t  

h ig h e r  h y d ro g en  io n  c o n c e n t r a t i o n s  th e  u n s t a b l e  HSgO^” 

i s  fo rm ed  w h ic h  decom poses " im m e d ia te ly "  and  " i r r e v e r s i b l y "  

a c c o rd in g  t o ;

HSgO, ------- > HSO " + S

S tu b b in s  (1 0 )  p e rfo rm e d  a  num ber o f  e x p e r im e n ts  t o  

c h e c k  t h e  s t a b i l i t y  o f  t h i o s u l p h a t e  i n  a c id  s o l u t i o n .  A t 

pH 3 .5 8  th e  d e c o m p o s it io n  f o r  d e c im o la r  s o l u t i o n s  w as
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c h ec k ed  t i t r i m e t r l c a l l y  w i th  i o d in e  and  fo u n d  t o  b e  o f  t h e  

o r d e r  o f  1% i n  an  h o u r .  The i n f r a r e d  s p e c t r a  o f  s u c h  

decom posing  s o l u t i o n s  w ere  r e c o r d e d  a f t e r  p r e c i p i t a t i o n  

w i t h  a l c o h o l .  I t  was shown t h a t ,  u n d e r  t h e s e  c o n d i t i o n s ,  

o v e r  a  p e r io d  o f  tw e n ty  m in u te s ,  l i t t l e ,  i f  a n y , s u l p h i t e  

v/as fo rm ed . Page ( 5 )  r e a c h e d  s i m i l a r  c o n c lu s io n s  a b o u t t h e  

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

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

Tne R e a c t io n  b e tw ee n  F e r r i c y a n id e  and T h io s u lp h a te Io n s .

The o x id a t io n  o f  t h i o s u l p h a t e  by  f e r r i c y a n i d e  was 

shown by  S andved  ( l i )  t o  p ro c e e d  a t  a  m e a s u ra b le  r a t e  i n  

aq u eo u s s o l u t i o n .

U sin g  a  t i t r i m e t r i c  te c h n iq u e  t o  s tu d y  t h e  k i n e t i c s ,  

Sandved  and H o lte  (1 2 )  c o n c lu d e d  t h a t  t h e  r e a c t i o n  was o f  

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

a p p r o p r i a t e  p l o t s  w ere  n o t  l i n e a r  b u t  8 - s h a p e d . The c u rv e d  

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

w ere  in v o lv e d  i n  some s o r t  o f  p r e - e q u i l i b r i u m ,  a. f e a t u r e  

w h ic h  w as rem oved b y  t h e  a d d i t i o n  o f  f e r r i c y a n i d e  i o n .  The

a c c e l e r a t i o n  to w a rd s  t h e  end o f  th e  r e a c t i o n  w as t r a c e d  t o

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

B a ts to n e  (1 3 )  d i s c u s s e d  t h e  s i g n i f i c a n c e  o f  t h e  

f e r r i c y a n i d e - t h i o s u l p h a t e  r e a c t i o n  i n  t h e  H a re o u r t  and  

E sso n  (1 4 )  t e c h n iq u e  f o r  f o l lo w in g  th e  fo rw a rd  r e a c t i o n  

b e tw e e n  f e r r i c y a n i d e  and io d id e  io n ;

2 Pe(CH)g^“ + 2 1" 2 Pe(CN)g^" +

The e q u i l i b r iu m  p o s i t i o n  f o r  k i n e t i c a l l y  s u i t a b l e  

m ix tu r e s  i s  o n ly  some 2 -  10% t o  th e  r i g h t  ( 1 5 ) and  i n  

o r d e r  t h a t  t h e  fo rw a rd  r e a c t i o n  may be  f o l lo w e d ,  i r r e v e r s i b l e
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c o n d i t io n s  m ust b e  a p p ro a c h e d . T h is  i s  e a s i l y  a c c o m p lish e d  

by  th e  a d d i t i o n  o f  t h i o s u l p h a t e  t o  rem ove io d in e  a s  io d id e  

io n .  F u r t h e r ,  i f  s u c c e s s iv e  q u a n t i t i e s  o f  t h i o s u l p h a t e  

a r e  added  t o  t h e  r e a c t i o n  m ix tu re  and  t h e  t im e  l a p s e  

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

i s  o b s e rv e d , th e  p r o g r e s s  o f  t h e  r e a c t i o n  may b e  f o l lo w e d .  

C l e a r l y ,  t h e  s u c c e s s  o f  t h e  m ethod d e p en d s  on th e  

l a c k  o f  any  i n t e r a c t i o n ,  u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s ,  

b e tw e e n  f e r r i c y a n i d e  and  t h i o s u l p h a t e  i o n s .  I n  v ie w  o f  th e  

v a r i a b i l i t y  o f  r e p o r t e d  r e s u l t s  and  s in c e  p o s s i b l e  e f f e c t s  

a r i s i n g  from  th e  p r e s e n c e  o f  t e t r a t h i o n a t e  io n s  do  n o f  

a p p e a r  t o  h ave  b e e n  ta k e n  i n t o  c o n s i d e r a t i o n ,  B a ts to n e  (1 3 )  

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

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

The r e s u l t s  w ere  i n  g e n e r a l  a g re e m e n t w i th  th o s e  o f  

Sandved  and H o lte  ( 1 2 ) .  The r e a c t i o n  was fo u n d  t o  b e  o f  

f i r s t  o rd e r  w i t h  r e s p e c t  t o  t h e  r e a c t a n t s  o v e r  t h e  pH 

ra n g e  7 .4  -  1 1 .2 ;  t h e  o r d e r  w i th  r e s p e c t  t o  h y d ro g e n  io n  

w as o n e . The f o l lo w in g  m echanism  w as p ro p o s e d  a s  a  q u a l i t a t i v e  

th o u g h  n o t  c o m p le te ly  q u a n t i t a t i v e  e x p la n a t io n ;

HSgO^" + Pe(C N )g^“  ; -----  ̂ 8^0  "  + HFe(CN)g^~

HS^Og" • Pe(C N )g^“  8 , Og" + HPe(CN)g^“

+ S2 O32 -  S^OgZ- + S2 O3 -

2 S2O3-   > 8 i^0g2-

The a c c e l e r a t i n g  and  r e t a r d i n g  e f f e c t s  o f  ad d ed  

t e t r a t h i o n a t e  and  f e r r o c y a n id e  w ere  e x p la in e d  b y  t h i s  

m echanism  b u t  a t  low  pH v a lu e s  th e  r a t e s  o f  r e a c t i o n  w ere  

much l e s s  th a n  th o s e  p r e d i c t e d  from  th e  r a t e  e q u a t io n .  A
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l a r g e  p r im a ry  s a l t  e f f e c t  w as o b s e rv e d .

The s t o i c h e io m e t r y  o f  th e  r e a c t i o n  w as d e te rm in e d  

b y  a  m ethod  o r i g i n a l l y  a d o p te d  b y  S andved  and  H o l te  ( 1 2 ) ,  

A ssum ing  th e  p r o d u c t s  t o  b e  f e r r o c y a n id e  and  t e t r a t h i o n a t e  

a lo n e ,  s y n t h e t i c  r e a c t i o n  m ix tu r e s ,  c o r r e s p o n d in g  t o  v a r i o u s  

s t a g e s  o f  c o m p le t io n , w ere  p r e p a r e d .  When s t a r t e d  t h e s e  

r e a c t i o n s  p ro c e e d e d  a t  t h e  r a t e  e x p e c te d  f o r  a  n o rm a l 

k i n e t i c  r u n .

H ow ever, i n  n e u t r a l ,  w e a k ly  a l k a l i n e  and  w e ak ly  

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

i n t o  t r i t h i o n a t  e and  p e n t  a t  h i  o n a t  e ,

,8 0  ~

2 I  > S'^ + S '^

-  ' = “3

N u c le o p h i l i c  d i s p la c e m e n ts  o f  s u l p h i t e  g ro u p s  from  

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

p o l y t h i o n a t e s  h av e  b e e n  c o n s id e r e d  b y  F o s s  (1 6 )  t o  be  

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

d e c o m p o s it io n  o f  t e t r a t h i o n a t e .

In  g e n e r a l ;

( 1 ) 8 , 0g2 -  + ^  Sn+1 ° 6^ "  + SO jZ -

( i i )  3 0 3 ^ -  + S ^pg2 -  ^  S ^ _ ^ 0g2 -  +

N o rm a lly , e q u i l i b r iu m  ( l )  l i e s  w e l l  t o  t h e  l e f t  u n l e s s

a  r e a g e n t  c a p a b le  o f  re m o v in g  s u l p h i t e  io n s  i s  p r e s e n t  o r

i s  a d d e d .

F o s s  and  K r in g le b o tn  (1 7 )  s t u d i e d  t h e  r e a c t i o n  

b e tw ee n  t h i o s u l p h a t e  and t e t r a t h i o n a t e  w i th  ad d ed  fo rm a ld e h y d e  

t o  rem ove s u l p h i t e  a s  h y d ro x y  me th a n e  s u lp h o n a te .  T h e i r
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r e s u l t s  obeyed  th e  f o l lo w in g  r a t e  law ;

a [ 8 _0 _2- ]  2-1 r 2 -1
 —i  -  k [initial 8,0g  ̂ jL̂ gÔ  J

k  = 0 ,0 7 8  M.” "' m in“ '̂  a t  25°C and  I  = 1 .1 5

E = 1 2 ,0  K c a l/m o le

T h is  r a t e  law  v/as i n t e r p r e t e d  by  th e  f o l lo w in g  

se q u e n c e  o f  r e a c t i o n s ;

^ 4 °6 ^ + S 2O32  - + ^ ^ 3 ~

+ S 2O32  - ^ 2^ +

+ ^ 2 ° 3 ^ “ - 3 - > S 7 °6 ^ " + 8 O32 -

+ . . . .

^1  ̂ ^2  ̂ . ,  a r e a l l  o f s i m i l a r v a l u e .

< 8203^ -

d t
— == k [ 82032 - + [S 5 '

h e n c e , r a t e  = k  [ 8 2 0 ^^"*][ T o t a l  p o l y t h i o n a t e ]

F o r  any  r u n  th e  r a t i o s  o f  c o n c e n t r a t i o n s  o f  8^  p o l y t h i o n a t e  

p r o d u c ts  a f t e r  some 20% r e a c t i o n  h a s  o c c u r r e d .

w ere  c a l c u l a t e d  a s  1 ,0  ; 0 ,2  ; 0 ,0 2  ; 0 , 0 0 1 3 .

D i th io n a t e  was fo u n d  n o t  t o  r e a c t  u n d e r  t h e s e  c o n d i t i o n s  

and th e  b im o le c u la r  r a t e  c o n s t a n t  f o r  t h e  r e a c t i o n  w i th  

t r i t h i o n a t e  showed a  som ewhat lo w e r  v a lu e  o f  0 ,0 0 6 6  m in"^ ,

The r e a c t i o n  b e tw e e n  h y d ro g e n  s u l p h i t e  and

t h i o s u l p h a t e  h a s  b e e n  shown t o  o c c u r  ( 1 8 ) :
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k  H SO ~ + + 2 H'*’  ^ + 3  HgO

with - = k [hsô "] [S2032"J3 [-JJ+J3

b u t  a t  70^0 and  pH 3 .6  -  4 .1  i t  i s  s lo w , so  t h a t  one c an  

r e g a r d  i t  a s  an  u n l i k e l y  c o n t r i b u t o r  t o  t h e  ab o v e  sy s te m  

u n d e r  th e  n e a r  n e u t r a l  c o n d i t i o n s  n o rm a l ly  u s e d .

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

o f  t h i o s u l p h a t e  to w a rd s  a  p a r t i c u l a r  o x i d i s in g  a g e n t  i s  

known, t h e  c o n t r i b u t i o n  o f  th e  d is p la c e m e n t  o f  s u l p h i t e  

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

c an  b e  d e te r m in e d .  S andved  and  H o lte  (1 2 )  s u g g e s te d  f o r  t h e  

a u t o c a t a l y s i s  by  t e t r a t h i o n a t e  a  m echanism  s i m i l a r  t o  t h a t  

im p l ie d  by  th e  r e a c t i o n  i n v o lv in g  k^ a b o v e . They a rg u e d  t h a t  

t h i s  w ould  b e  so  p ro v id e d  t h a t  t h e  r e a c t i v i t y  o f  t h e  h y d ro g e n  

s u l p h i t e  io n  to w a rd s  f e r r i c y a n i d e  w as n o t  l e s s  th a n  one h a l f  

o f  t h a t  o f  t h i o s u l p h a t e .

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

exam ined  b y  S v /in e h a r t  (1 9 )  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s .

The r a t e  law  w as fo u n d  t o  b e  a s  f o l lo w s :

3-1 2-1R a te  = k  [Fe(C H )g^‘“]  [sO , ] [ m*̂ ]

w h e re , f o r  I  0 ,1  -  0 ,7  a t  2 5 %

i f  M"*" = Na"  ̂ k  = 30  min"*”̂

E = 1 1 . 7 - 1 . 0  K c a l/m o le

M**" = K**" k  = 72 m in“ ^

E = 1 2 ,6  -  1 ,0  K c a l/m o le  

The m a jo r s u lp h u r  c o n ta in in g  p r o d u c t s  w ere  fo u n d  a s  d i t h i o n a t e  

o r s u lp h a te  a c c o rd in g  t o  t h e  e x p e r im e n ta l  c o n d i t i o n s .

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

r e a c t i o n  have  b e e n  a n a ly s e d  a s  r a t e  c o n s t a n t s  i n  t h e  r e g i o n
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w here  t h e  se co n d  o rd e r  r a t e  law  a p p e a re d  t o  a p p ly .  H ere  t h e  

p ro d u c t  t e t r a t h i o n a t e  o r p e rh a p s  m ore a c c u r a t e l y ,  p o l y t h i o n a t e ,  

i s  p r e s e n t  t o  some e x t e n t  so  t h e  a p p a r e n t  r a t e  i s  a  c o m b in a t io n  

o f  c a t a l y s e d  and  u n c a t a ly s e d  p r o c e s s e s .  P e rh a p s  a  m ore 

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

tim e  d a ta  o v e r  a s  much o f  th e  c o u r s e  o f  r e a c t i o n  a s  p o s s i b l e ,  

i n  te rm s  o f  a  tw o o r m ore te rm  e x p r e s s io n .

T h is  p o l i c y  was a d o p te d  b y  S p i r o  and  B a r r e i r a  (2 0 )  w ho, 

i n  o rd e r  t o  a v o id  th e  a n a l y t i c a l  c o m p l ic a t io n s  i n h e r e n t  i n  

th e  t i t r i m e t r i c  m ethods o f  th e  p r e v io u s  a u th o r s  ( 1 2 ,1 3 )

fo l lo w e d  th e  r e a c t i o n  s p e c t r o p h o t o m e t r i c a l l y  b y  m e a su r in g
—1th e  a b so rb a n c e  due t o  f e r r i c y a n i d e  i o n  a t  2 3 ,8 1 0  cm" w here

—1 —1i t  h a s  a  m o la r  e x t i n c t i o n  c o e f f i c i e n t  o f  1020 M~ cm" .

The d i r e c t  r e a c t i o n  b e tw e e n  th e  tv;o r e a g e n t s  w as fo u n d  

t o  be  o f  f i r s t  o r d e r  w i th  r e s p e c t  t o  t h i o s u l p h a t e  and o f  

h a l f  o rd e r  w i th  r e s p e c t  t o  f e r r i c y a n i d e .  A com plex  te rm  w as 

d e v is e d  t o  i n c lu d e  th e  a p p a r e n t  r e t a r d a t i o n  due t o  

f e r r o c y a n i d e :

-a [F e (C N )g 3 ~ ] ^  [g e(C T )g ^~ ][S g O ^^~ ]

[s’e (C N )g 3 -]4  + [p e (C M )g 4 -] i

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

th e  sum o f  tw o te r m s ,  th e  f i r s t  b e in g  a p p l i c a b l e  a t  h ig h e r  

c o n c e n t r a t i o n s ,  t h e  se co n d  a t  lo w e r  c o n c e n t r a t i o n s ,

—   ̂ [840g 2- ] t [ 820 j 2 - ]  + k ^

The t e t r a t h i o n a t e  te rm s  w ere  in d e p e n d e n t  o f  h y d ro g e n  

io n  c o n c e n t r a t i o n  w h e re a s  th e  p r im a ry  r e a c t i o n  showed an  

a c c e l e r a t i o n  w i th  r i s i n g  a c i d i t y  by  a  f a c t o r  o f  , The
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a d d i t i o n  o f  EDTA ( e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d )  r e s u l t e d  

i n  a  m arked i n c r e a s e  i n  r a t e .

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

a u th o r s  shows t h a t  a  r e i n v e s t i g a t i o n  o f  t h e  k i n e t i c s  o f  t h e  

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

A p r im a ry  o b j e c t i v e  s h o u ld  b e  t o  i s o l a t e  t h e  r a t e  

e x p r e s s io n  c o r r e s p o n d in g  t o  th e  d i r e c t  r e a c t i o n  b e tw e e n  

f e r r i c y a n i d e  and t h i o s u l p h a t e .  S in c e  c o m p l ic a t io n s  a r i s e  

from  t h e  p r e s e n c e  o f  p r o d u c t s ,  m easu rem en t o f  i n i t i a l  r a t e s  

s h o u ld  a f f o r d  a  s o l u t i o n .  Many s p e c t r o p h o to m e te r s  a r e  now 

e q u ip p e d  w i t h  c h a r t  e x p a n s io n  f a c i l i t i e s ^  w h ic h  s h o u ld  e n a b le  

a c c u r a t e  m easu rem en ts  t o  b e  made o v e r  t h e  f i r s t  few  p e r c e n t  

o f  r e a c t i o n .

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

some e v id e n c e ,  w h ic h  may s u p p o r t  f u r t h e r  k i n e t i c  

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

The O x id a t io n  o f  T h io s u lp h a te  b y  H a la te  I o n .

O xyanion  O x id a t io n s .

E dw ards h a s  r e v ie w e d  a  num ber o f  m e c h a n is t i c  f e a t u r e s  

common t o  o x y a n io n  o x i d a t io n s  ( 2 1 ) ,

The r a t e s  o f  o x y a n io n  r e a c t i o n s  a r e  m a rk e d ly  d e p e n d e n t 

on a c id  c o n c e n t r a t i o n .  T h is  i s  t r u e  b o th  f o r  r e p la c e m e n t  

r e a c t i o n s  su c h  a s  oxygen  e x ch an g e  w i t h  s o l v e n t  w a te r  an d  f o r  

r e d o x  r e a c t i o n s .  P re su m a b ly  th e  r o l e  o f  th e  p r o to n  i s  t o  

l a b i l i s e  oxygen by  c o n v e r t in g  i t  fro m  o x id e  i o n  i n t o  h y d ro x id e  

io n  and on t o  w a te r .  The a d d i t i o n  o f  p r o to n s  t o  an  o x id e  

io n  i n  an  oxy a n io n  s h o u ld  make i t  e a s i e r  t o  b r e a k  t h e  bond  

b e tw ee n  th e  oxygen and  t h e  c e n t r a l  atom * T h e re  i s  a  c lo s e  

c o r r e l a t i o n  b e tw e e n  re p la c e m e n t  and  re d o x  r e a c t i o n  r a t e s .
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The o n ly  re p la c e m e n t  p r o c e s s  I n v o lv in g  o x y a n io n s  f o r  

vi^hich t h e r e  i s  a d e q u a te  d a t a  i s  t h e  e x ch a n g e  o f  oxygen a tom s 

w i th  w a t e r .  The r a t e  law  f o r  t h e  ex ch an g e  i s :

R a te  = k

h u t  f o r  th e  l a r g e r  c e n t r a l  a tom s i n  low  o x id a t io n  s t a t e s  

an  e x p r e s s io n  o f  f i r s t  o r d e r  w i t h  r e s p e c t  t o  h y d ro g e n  io n  

i s  a p p l i c a b l e .

The r a t e  o f  ex ch an g e  i s  p r i m a r i l y  a  f u n c t i o n  o f  t h e  

o x id a t io n  s t a t e  o f  t h e  c e n t r a l  a to m , t h e  r a t e  i n c r e a s i n g  

w i th  i n c r e a s e  i n  o x i d a t io n  n u m b er. H ow ever, f o r  a  s e t  o f  

oxy a n io n s  w i t h  t h e  c e n t r a l  atom  i n  t h e  same o x i d a t i o n  s t a t e ,  

a s  i n  t h e  h a l a t e s ,  t h e  s i z e  o f  t h e  h a lo g e n  w i l l  be  th e  

d e c id in g  f a c t o r .  Thus i o d a t e  e x c h a n g e s  f a s t e r  th a n  c h l o r a t e .  

The same t r e n d  i s  o b se rv e d  i n  t h e  r a t e s  o f  o x i d a t i o n s  b y  

t h e s e  s p e c i e s  and may b e  e x p la in e d  i f  r e p la c e m e n t  by  t h e  

r e d u c in g  a g e n t  i n  t h e  c o o r d in a t io n  s p h e re  o f  t h e  oxy a n io n  

i s  an  im p o r ta n t  p r e - r e q u i s i t e  t o  e l e c t r o n  t r a n s f e r .  I f  t h e  

re m o v a l o f  an  o x id e  io n  o u t o f  an  oxy a n io n  c o o r d i n a t i o n  

s p h e re  i s  an  im p o r ta n t  p a r t  o f  t h e  e n e r g e t i c s  o f  t h e  r e a c t i o n  

th e n  th e  i n f l u e n c e s  o f  c e n t r a l  atom  c h a rg e  and  s i z e  and  o f  

a c i d i t y  on r a t e  a r e  r e a d i l y  u n d e r s to o d .

The h y d ro g e n  io n  d e p en d e n ce  i s  known t o  in v o lv e  a  

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

Lgpp th e  r e a c t i o n  h a s  a lw ay s  b e e n  fo u n d  t o  b e  f a s t e r  th a n  

i n  H^O. I f  p r o t o n a t i o n  i n  th e  t r a n s i t i o n  s t a t e  w as o c c u r r in g  

t h e  r a t e  s h o u ld  b e  s lo w e r  i n  th a n  i n  H^O. The m ore 

r a p i d  r a t e  i s  o b s e rv e d  b e c a u s e  D^O*  ̂ i n  D^O i s  a  s t r o n g e r  a c id  

th a n  H^O* i n  HgO. I t  i s  fo u n d  t h a t  t h e  r a t e  o f  oxygen  e x ch an g e  

b e tw e e n  b ro m a te  and  w a te r  i s  f a s t e r  i n  DgO th a n  i n  H2 O and  

i t  i s  l i k e l y  t h a t  m ost oxy a n io n  r a t e s  o f  r e p la c e m e n t  f o l lo w
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t h i s  e x am p le . A s i m i l a r  s o lv e n t  I s o to p e  e f f e c t  i s  e x p e c te d  

i n  re d o x  r e a c t i o n s  i f  r e p la c e m e n t  i s  an  im p o r ta n t  a s p e c t  

o f  th e  m echanism .

The B ro m a te -T h io s u ln h a te  R e a c t io n .

I n  a  p r e v io u s  r e v ie w  (1 )  E dw ards d i s c u s s e d  t h e  m echanism  

o f  th e  o x i d a t i o n  o f  t h i o s u l p h a t e  b y  b ro m a te  i o n .

The r a t e  o f  change  o f  pH w i th  r e a c t i o n  w as m ea su re d  

i n  p h t h a l a t e  b u f f e r s  o v e r t h e  r a n g e  pH 4 .1  -  6 ,5  and  r e s u l t s  

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

b ro m a te  i o n ,  t h i o s u l p h a t e  and  h y d ro g e n  i o n .  I t  was fo u n d  

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

k i n e t i c s  d id  n o t  c o r r e s p o n d  t o  t h e  g e n e r a l  m echanism s 

known f o r  b ro m a te  o x i d a t i o n s .

The l o d a t e - T h lo s u lp h a t e  R e a c t io n .

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

r e p r e s e n t e d  b y  t h e  f o l lo w in g  s to i c h e io m e t r y :

6  + IO3 " + 6   > 3  HgO + 1“  + 3  S.

R e id e r  (2 2 )  h a s  m ea su re d  i n i t i a l  r a t e s  f o r  t h e  r e a c t i o n  

b y  a  t i t r i m e t r i c  m eth o d , fo l lo w in g , t h e  r a t e  o f  d i s a p p e a r a n c e  

o f  h y d ro g e n  i o n .  The m ea su re m e n ts  w ere  c a r r i e d  o u t  i n  

b u f f e r e d  s o l u t i o n  and  t h e  f o l lo w in g  r a t e  law  w as p ro p o s e d :

2 - i 2R a te  =  k [H+] [SgÔ  J

A c e ta te  b u f f e r s  w ere  u s e d  w i t h  s a l t  c o n c e n t r a t i o n  i n  

h u n d r e d f o ld  e x c e s s  o v e r  a c i d  t o  b r i n g  th e  h y d ro g e n  io n  

c o n c e n t r a t i o n  t o  a  s u i t a b l e  v a lu e  f o r  c o n v e n ie n t  r a t e  

m e a su re m e n ts . T h is  c o n c e n t r a t i o n  was c a l c u l a t e d  fro m  th e
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f o l lo w in g  e x p r e s s io n ;

H'*’ = 1 . 8 5 X 1 0 “ ^
[ ch , cooh]

[CH^COONa]

S uch  a  fo rm u la , h o w ev er, i s  n o rm a l ly  a p p l i c a b l e  o n ly  a t  

pH c lo s e  t o  th e  pK o f  t h e  a c id  i n  q u e s t io n  ( 4 .7  f o r  a c e t i c  

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

be  u n d e r ta k e n  w i t h  c e r t a i n t y .  T h is  i s  e s p e c i a l l y  v a l i d  i n  

t h i s  c a s e  w here  t h e  r a t e  i s  a p p a r e n t ly  v e r y  s e n s i t i v e  t o  

h y d ro g e n  io n  c o n c e n t r a t i o n .

E dw ards ( l ) h a s  s u g g e s te d  t h e  f o l lo w in g  m echanism ;

IO3 "  + 2  ( f a s t )

H2 IO3+ + ' ^ 2^3 ^ "  %— ^ + ^ 2 °  ( f a s t )

+ 8 2 0 , ^ "   > IO2 "  + Sj^Og^~ ( r a t e
d e te r m in in g )

He f u r t h e r  r e p o r t s  t h a t  m easu rem en ts  o f  p H -tim e  c u rv e s  

showed th e  p r o c e s s e s  a f t e r  t h e  r a t e  d e te r m in in g  s t e p  t o  b e  

b y  no  m eans i n s t a n t a n e o u s .

The e x p e r im e n ta l  r e s u l t s  f o r  k i n e t i c s  o f  t h e  o x i d a t io n  

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

an  e le m e n t o f  d o u b t .  I n  one i n s t a n c e  t h e  k i n e t i c s  a r e  n o t  

r e l a t e d  t o  a  r e l i a b l y  known h y d ro g e n  io n  c o n c e n t r a t i o n .  I n  

a n o th e r  t h e  i n d i r e c t  m ethod  o f  pH m easu rem en t i s  em ployed  t o  

f o l lo w  t h e  p r o g r e s s  o f  th e  r e a c t i o n .  I t  i s  w e l l  known t h a t  

many r e d o x  sy s te m s  a r e  c a t a l y s e d  b y  th e  p r e s e n c e  o f  c o n d u c t in g  

s u r f a c e s ,  and  t h e  i n t r o d u c t i o n  o f  an  e l e c t r o d e  f o r  pH 

m easu rem en ts  may h av e  su c h  a n  e f f e c t .

F u r t h e r  w ork  on b o th  sy s te m s  i s  d e s i r a b l e  b u t  an
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e m p h a s is  s h o u ld  b e  p la c e d  on t h e  u s e  o f  d i r e c t  a n a l y t i c a l  

t e c h n iq u e s  t o  m easu re  th e  r a t e .
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P u r i i ^  o f  M a t e r i a l s .

W henever p o s s i b l e  "A nalar* ' g ra d e  r e a g e n t s  w ere  used, 

w i th o u t  f u r t h e r  p u r i f i c a t i o n .  S o lu t io n s  o f  p o ta s s iu m  

f e r r i c y a n id .e  w ore p r e p a r e d  by  w e ig h t  and  u s e d  w i th o u t  

s t a n d a r d i s a t i o n .

P o ta s s iu m  t h i o s u l p h a t e  (96%) w as r e c r y s t a l l i s e d  tw ic e  

from  w a te r  made s l i g h t l y  a l k a l i n e  w i th  p o ta s s iu m  h y d r o x id e .  

S u lp h u r  was fo u n d  t o  be  t h e  m a jo r im p u r i ty .  The p r o d u c t  

was d r i e d  i n  v acu o  and i t s  p u r i t y  w as d e te rm in e d  

i o d i m e t r i c a l l y . iu ia ly s e s  showed n o t  l e s s  th a n  9 9 . 7%

S o lu t io n s  o f  sodium  and  p o ta s s iu m  a c e t a t e  w ere  

p r e p a r e d  by  n e u t r a l i s i n g  s ta n d a r d  N a l k a l i  w i th  r e a g e n t  

g ra d e  g l a c i a l  a c e t i c  a c i d .  The fo rm e r  w as p r e p a r e d  by  

d i l u t i o n  o f  "V o lucon" s ta n d a r d  v o lu m e tr ic  c o n c e n t r a t e s ,  

s u p p l i e d  b y  May and  B ak er L t d . ,  Dagenham .

P ré p a r a t i o n  o f  T h io s u lp h a te  S o l u t i o n s .

A queous t h i o s u l p h a t e  s o l u t i o n s  o f  c o n c e n t r a t i o n  above 

a b o u t 0 .0 5  M. te n d  t o  decom pose s lo v /ly  d e p o s i t i n g  s u lp h u r .

I f  th e  s o l u t i o n  i s  made s l i g h t l y  a l k a l i n e  t h e  r a t e  o f  

d e c o m p o s it io n  i s  r e d u c e d .  D is s o lv e d  oxygen a c c e l e r a t e s  th e  

r e a c t i o n  and s o l u t i o n s  made up  w i th  c o n d u c t iv i t y  w a te r  i n  

an  i n e r t  a tm o sp h e re  te n d  t o  b e  more s t a b l e .

The u s u a l  p ro c e d u re  f o r  m ak ing  up t h i o s u l p h a t e  

s o l u t i o n s  w as t o  add t o  th e  w e ig h ed  s o l i d  s u f f i c i e n t  sodium  

t e t r a b o r a t e  t o  make t h e  s o l u t i o n  5 X 10*"^ M. i n  b o ra x  and 

t o  make up  t o  th e  m ark w i th  c o n d u c t iv i t y  w a te r  u n d e r  

n i t r o g e n .  The c o n c e n t r a t i o n  was c h ec k ed  by  t i t r a t i o n  a g a i n s t  

p o ta s s iu m  i o d a t e .

When u s e d  fo r. k i n e t i c  s t u d i e s  th e  r e a g e n t  was d i s c a r d e d  

a f t e r  tv/o d a y s  a l th o u g h  s o l u t i o n s  re m a in e d  s t a b l e  f o r  many
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w e ek s .

P r e p a r a t i o n  o f  P o ta s s iu m  F e r r i c y a n l d e S o l u t i o n s .

S o lu t io n s  o f  p o ta s s iu m  f e r r 1 c y a n id e  w ere  p r e p a r e d  

Im m e d ia te ly  b e f o r e  u s e .  T h is  was t o  e l i m in a te  any  

c o m p l ic a t io n s  which, may a r i s e  f o l lo w in g  th e  d is p la c e m e n t  

o f  c y a n id e  Io n  b y  w a t e r .  In d e e d , a f t e r  s e v e r a l  d a y s ,  

s o l u t i o n s  w ere  fo u n d  t o  s m e ll  d i s t i n c t l y  o f  c y a n id e .
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Dete r m in a t io n  o f  t he  P ro d u c t s  o f  R e a c t i o n .

I t  w as c o n s id e r e d  t h a t  th e  m ost l i k e l y  r e a c t i o n  

p r o d u c t s  f o r  th e  o x id a t io n  o f  t h i o s u l p h a t e  by  f e r r i c y a n i d e  

w ould  b e  s u lp h a te  and v a r i o u s  p o l y t h l o n a t e s ,  on th e  f o l lo w in g  

g ro u n d s :

( a )  P r e v io u s  w o rk e rs  ( 1 2 ,1 3 ,2 0 )  have  r e p o r t e d  f i n d in g  

t e t r a t h l o n a t e  a s  t h e  o n ly  o x id a t io n  p ro d u c t  I n  a g re e m e n t 

w i th  t h e  a c c e p te d  g e n e r a l i s a t i o n  ( 2 3 ) t h a t  t h i o s u l p h a t e  

I s  o x id is e d  t o  s u lp h a te  by  s t r o n g  o x id i s in g  a g e n ts  and  t o  

t e t r a t h l o n a t e  by  w e ak e r o n e s . The r e a c t i o n  o f  t h l o s u l p h a t e  

w i th  f e r r i c  io n  g iv e s  t e t r a t h l o n a t e  a lo n e  ( 2i+).

(b )  F o s s  (1 7 )  h a s  shown t h a t  t e t r a t h l o n a t e  c an  u n d e rg o  

r e a c t i o n  w i th  t h l o s u l p h a t e  p ro d u c in g  s u l p h i t e  and  h ig h e r  

p o l y th l o n a t e s  w h ic h  may s u b s e q u e n t ly  d i s p r o p o r t i o n a t e .  The 

o x id a t io n  o f  s u l p h i t e  b y  f e r r l c y a n t d e  y i e l d s  s u lp h a te  and  

d l t h l o n a t e  ( 1 9 ) .

R a d io c h e m ic a l  M ethod u s in g  .

I f  t h l o s u l p h a t e  I o n ,  l a b e l l e d  w i t h  s u lp h u r -359  I s  

u s e d  f o r  r e a c t i o n  th e n  t h e  p r o d u c ts  w i l l  b e  a c t i v e  t o  an  

e x t e n t  d e p e n d e n t on t h e i r  r e s p e c t i v e  c o n c e n t r a t i o n s  a n d , 

p e r h a p s ,  som etim es u pon  w h ic h  8 -a to m  I s  l a b e l l e d .

Ames and  W il la r d  (2 5 )  h ave  shown t h a t  t h e  tw o s u lp h u r  

a tom s o f  t h l o s u l p h a t e  a r e  c h e m ic a l ly  non  e q u iv a le n t  and  t h a t  

ex ch an g e  b e tw ee n  th e  tw o p o s i t i o n s  d o e s  n o t  o c c u r .  

C o n s e q u e n tly , I f  t h l o s u l p h a t e  I s  u s e d  w i th  one o r  o th e r  

o f  th e  s u lp h u r  a tom s l a b e l l e d ,  t h e  f a t e  o f  t h a t  p a r t i c u l a r  

atom  d u r in g  th e  c o u rs e  o f  r e a c t i o n  may b e  d e te rm in e d .  I t  

was d e c id e d  t o  u s e  t h e  sodium  s a l t  w h ic h  h ad  -̂ *̂ 8 a s  th e  

I n n e r  s u lp h u r  a to m .

S u lp h u r -3 5  i s  a. weak b e t a  e m i t t e r  o f  e n e rg y  s i m i l a r
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t o  c a rb o n - 114.. T hese  n u c l i d e s  c an  c o n v e n ie n t ly  b e  c o u n te d  

u s in g  l i q u i d  s c i n t i l l a t i o n  t e c h n iq u e s .

D escr i p t i o n  o f  th e . C o u n tin g  A p p a r a tu s .

The eq u ip m en t u s e d  w as an  Echo " U n iv e r s a l"  S c i n t i l l a t i o n  

C o u n te r  ( ty p e  N66I4A) w h ic h  I s  a  s h i e ld e d  In s t r u m e n t  f o r  

" I n  v i t r o "  c o u n t in g  o f  b e t a  and gamma e m i t t e r s .  The c o u n te r  

c o m p ris e s  a  t h i r t e e n  s t a g e  p h o t o m u l t i p l i e r  tu b e  w h ic h , 

t o g e t h e r  w i t h  a  s o u rc e  c o u p l in g  u n i t ,  i s  c o n ta in e d  i n  a  l e a d  

s h i e l d .  The a sse m b ly  I s  m ounted  I n  a  s t e e l  c a s e  t o g e t h e r  

w i th  a  w id eb an d  a m p l i f i e r .  The s o u rc e  c o u p l in g  u n i t  

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

c a r r i e r  t o  h o ld  th e  p y re x  sam ple  v e s s e l s .  To Im prove  l i g h t  

c o l l e c t i o n  a  l i q u i d  c o u p l in g  medium ( s i l i c o n e  o i l )  I s  u s e d  

b e tw ee n  th e  sam p le  c o n ta in e r  and th e  tu b e  f a c e .  The u n i t  

w as u s e d  I n  c o n ju n c t io n  w i th  an  Ecko A u to m a tic  S c a le r  

( ty p e  N53OG) w h ic h  a l s o  p ro v id e d  s t a b i l i s e d  v o l t a g e  s u p p l i e s  

f o r  th e  c o u n te r .

P r i n c i p l e  o f  O p e ra t io n .

L ig h t  e m i t te d  a s  a  r e s u l t  o f  b e t a  p a r t i c l e  I n t e r a c t i o n  

w i th  t h e  p h o sp h o r  I s  a llo w e d  t o  f a l l  o n to  th e  t a r g e t  o f  t h e  

p h o t o m u l t i p l i e r  tu b e  w here  I t  c a u s e s  t h e  r e l e a s e  o f  e l e c t r o n s .  

T h is  c u r r e n t  I s  m u l t i p l i e d  w i t h in  t h e  tu b e  and o b s e rv e d  a t  

th e  c o l l e c t o r  a s  a n  e l e c t r i c a l  Im p u lse  o f  a m p li tu d e  

p r o p o r t i o n a l  t o  th e  e n e rg y  ex ch an g e  b e tw e e n  th e  b e t a  r a y  

and th e  p h o s p h o r . The o u tp u t  I s  p r o c e s s e d  b y  t h e  w id eb an d  

a m p l i f i e r ,  th e  g a in  o f  w h ic h  may b e  a d ju s te d  t o  g iv e  t h e  

b e s t  s l g n a l - t o - n o l s e  r a t i o ,  f o r  t h e  o u tp u t  t o  t h e  s c a l e r .

The Ecko N530G I n c o r p o r a te s  an  a m p li tu d e  d i s c r i m i n a t o r  

w h ic h  w i l l  o n ly  p a s s  I n p u t  p u l s e s  above a  s e t  l e v e l ,  

c o n t in u o u s ly  v a r i a b l e  b e tw e e n  5 and  50 v o l t s ,  t h e r e b y
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e l i m in a t i n g  th e  g r e a t e r  p a r t  o f  t h e  th e r m a l  n o i s e  p u l s e s ,  

a l th o u g h  th e  h ig h  e n e rg y  b ack g ro u n d  w i l l  s t i l l  b e  r e c o r d e d .

S e l e c t i o n  o f  a  S u i t a b l e  P h o sp h o r M ix tu re .

The p r o d u c ts  o f  th e  r e a c t i o n  b e tw ee n  G r(V l)  and 

t h l o s u l p h a t e  h ave  b e e n  exam ined  by  a  r a d io c h e m ic a l  te c h n iq u e  

( 1 0 ) u s in g  t h l o s u l p h a t e  w i th  o u te r  s u lp h u r  atom  l a b e l l e d .

The p r o d u c ts  w ere  s u lp h a te  and t e t r a t h l o n a t e .

D i f f i c u l t y  was e n c o u n te re d  i n  o p t im is in g  c o u n tin g  

e f f i c i e n c y  and  h o m o g en e ity  o f  th e  s o l u t i o n  t o  b e  c o u n te d . 

C o n s i s te n t  r e s u l t s  w ere  o b ta in e d  by  m ix in g  aq u eo u s s o l u t i o n s  

1 :2 0  w i th  th e  d lo x a n -b a s e d  "220" p h o sp h o r  s u p p l ie d  by  

H u c le a r  E n t e r p r i s e s  L td ,  o r 1 :4 0  w i th  a  n a p h th a le n e -P P O -  

POPOP m ix tu re  i n  x y i e n e - d lo x a n - e th a n o l .  A 1.;20 m ix tu re  

w i th  naph thalene-P PO -PO P O P I n  d io x a n  t o  w h ic h  was added  

10^ w a te r  w as fo u n d  t o  b e  e f f e c t i v e  and u se d  w i th  s u c e s s
A

f o r  th e  c o u n tin g  o f  aq u eo u s s o l u t i o n s .

The d lo x a n -b a s e d  p h o sp h o r  w as u s e d  i n  t h e  c u r r e n t  

w ork . 1 g , PPO, 0 .0 2 5  g . POPOP and 1 2 .5  g .  s c i n t i l l a t i o n  

g ra d e  n a p h th a le n e  w ere  ad d ed  t o  a  f r e s h l y  opened  250  m l, 

b o t t l e  o f  d io x a n  (A nalaR  g r a d e ) .  N i t r o g e n  w as b u b b le d  th ro u g h  

th e  s o l u t i o n ,  th e  b o t t l e  was s e a le d  and m e c h a n ic a l ly  sh a k en  

f o r  an  h o u r .  The p h o sp h o r  w as s t o r e d  u n d e r  n i t r o g e n  I n  a  

s e a l e d  d a rk  b o t t l e .

P r e p a r a t i o n  o f  S to c k  ^^3 L a b e l le d  T h lo s u lp h a te  S o l u t i o n .

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

by  d i s s o l v i n g  I n  50 m l, w a te r ,  made s l i g h t l y  a l k a l i n e  w i th  

b o ra x  (pH 9 ) ,  11 mg. sod ium  t h l o s u l p h a t e  w i th  I n n e r  s u lp h u r  

atom  l a b e l l e d  and h a v in g  a  s p e c i f i c  a c t i v i t y  o f  1 5 .7  mCi/mM. 

The s o l u t i o n  had  an  a c t i v i t y  o f  20 u C i/m l .  when w ork 

commenced.
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P r e p a r a t i o n  o f  M ix tu r e s  f o r  C o u n t in g ,

"Ecko" coated , p y r e x  c o n t a i n e r s  (N617A) w ere  u s e d  t o  

h o ld  t h e  sam ple  f o r  c o u n t i n g ,  20 m l,  o f  t h e  p h o sp h o r  

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

sam ple  c o n t a i n e r  f o l lo w e d  by  2 m l,  w a te r  and 1 m l,  o f  t h e  

s o l u t i o n  u n d e r  t e s t .  S in c e  d i s s o l v e d  oxygen h a s  b e e n  known 

t o  e x h i b i t  a  s t r o n g  q u e n c h in g  e f f e c t ,  t h e  s o l u t i o n  was 

d e g a s s e d  and s t i r r e d  by  p a s s i n g  n i t r o g e n  f o r  two m in u te s  

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

d a r k  a d a p t  f o r  one h o u r ,  i n s i d e  t h e  i n s t r u m e n t ,  p r i o r  t o  

c o u n t i n g .

S e l e c t i o n  o f  Optimum 77 or k in g  C o n d i t i o n s ,

The b e s t  w o rk in g  c o n d i t i o n s  o f  any c o u n te r  a r e  t h o s e  

w h ic h  g iv e  t h e  a c t i v i t y  o f  any  sam ple  t o  a  g iv e n  a c c u r a c y  

i n  t h e  s h o r t e s t  t im e .  I f  Hs i s  t h e  c o u n t  r a t e  f rom  t h e  sam ple

a lo n e  and Rb i s  t h e  b a c k g ro u n d  c o u n t  r a t e ,  i t  c a n  be  shown
p

t h a t  t h e s e  optimum c o n d i t i o n s  o c c u r  when Rs /R b  i s  a  maximum. 

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

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

( a )  P h o t o m u l t i p l i e r  dynode p o t e n t i a l  (HV)

(b )  The a m p l i f i e r  g a in

( c )  The p u l s e  h e i g h t  d i s c r i m i n a t o r  v o l t a g e  (DB).

A s e t  o f  o b s e r v a t i o n s  f o r  t h e  t o t a l  ( R t )  and

b a c k g ro u n d  c o u n t  r a t e s  was made a s  a  f u n c t i o n  o f  t h e  

p h o t o m u l t i p l i e r  dynode v o l t a g e  a t  v a r i o u s  a m p l i f i e r  g a in  

s e t t i n g s .  G raphs o f  Rs^/R b v s .  HV w ere  p l o t t e d  (Rs = Rt -  R b ) .  

T a b le  1 su m m arise s  t h e  r e s u l t s  o b t a i n e d  fro m  t h e  c u r v e s ,  

w h ic h  i n d i c a t e  t h a t  t h e  b e s t  s e t t i n g s  f o r  t h e  two v a r i a b l e s  

w e re :

G ain  = 100; HV = 1185 v o l t s .
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ïay._e j1.

V a r i a t i o n  o f  E f f i c i e n c y  

w ith_D ynode  P o t e n t i a l .

D i s c r i m i n a t o r  b i a s  = 5 v o l t s .

2
G a in  Es /R b  max. HV a t  max,

25 1 8 0 ,0 0 0  1375 V.

50 2 5 0 ,0 0 0  1250 V.

100 > > 2 5 0 ,0 0 0  1185 V.

250 1 0 0 ,0 0 0  1125 V.

500 -  ( 1 0 0 0  V.

1000 -  <1000 V.

The optimum s e t t i n g  f o r  t h e  d i s c r i m i n a t o r  b i a s  was 

fo u n d  b y  m e a s u r in g  t h e  t o t a l  and  b a c k g ro u n d  c o u n t  r a t e s  a s  

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

h e l d  c o n s t a n t  a t  t h e i r  optimum v a l u e s .  A c u rv e  o f  Rs /R b  v s .  DB
D6

showed a  b r o a d  maximum a t  db  = 5 v o l t s ,  w h ic h  was t a k e n  a s  

t h e  b e s t  v a l u e .

I t  s h o u ld  b e  n o t e d  t h a t ,  s i n c e  a  s c i n t i l l a t i o n  c o u n te r  

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

maximum R s^/R b w i l l  d i f f e r  and m ust be  e s t a b l i s h e d  s e p a r a t e l y  

f o r  d i f f e r e n t  i s o t o p e s ,  b u t  once  s e t  a r e  in d e p e n d e n t  o f  t h e  

a c t i v i t y  p r e s e n t .

To T e s t  t h e  P r o p o r t i o n a l i t y  b e tw e e n  C ount R a te  and D i l u t i o n .

The s t o c k  a c t i v e  t h l o s u l p h a t e  (20  u C i / m l , ) was d i l u t e d  

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

r a n g e  i -  10 n C i /m l .  1000 se co n d  c o u n ts  w ere  r e c o r d e d  f o r  

1 m l,  sam p le s  and t a b l e  2 shows t h a t  t h e  c o u n t  r a t e  was 

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  o f  a c t i v e  s p e c i e s .
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The maximum c o u n t  r a t e  was 163 c . p . s .  and u n d e r  t h e  

c o n d i t i o n s  o f  t h e  e x p e r im e n t  t h e  c o u n t i n g  e f f i c i e n c y  was 

fo u n d  t o  be  U7 %*

D i l u t i o n

2 0 ,0 0 0

1 0 , 0 0 0

4 ,0 0 0  

2,000

T a b le  2 ,

I s o t ope D i l u t i o n ,

T o t a l  c o u n t  
p e r  1000 s e c ,

1 8 ,4 8 7

3 3 ,7 3 2

90,960

1 6 4 ,0 5 7

Count above 
b a c k g ro u n d

1 7 ,9 7 0

3 3 ,2 1 5

9 0 ,4 4 3

1 6 3 ,5 4 0

1 0~^ X c o u n t  
X d i l u t i o n

359»4  

3 3 2 .2  

361.8 

327 .1

I s o t ope D i l u t i o n  f o r  i ^ ^ t i t a t i v e  P ro d u c t  A n a l y s i s .

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

i o n  i s  added  a  l a r g e  e x c e s s  ( 5 0 : 1 )  o f  t h e  i n a c t i v e  s a l t ,  

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

a d d i t i v e .  The e x t e n t  o f  t h i s  d i l u t i o n  i s  d e p e n d e n t  on t h e  

r a t i o :

M + m i f  M» m

w h ere  M i s  t h e  w e ig h t  i n  gram s o f  t h e  i n a c t i v e  s a l t  ad ded  

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

sa m p le .

Some o f  t h e  s a l t  may b e  r e c o v e r e d  b y  p a r t i a l  

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

( t h a t  i s ,  t h e  a c t i v i t y  p e r  gram) o f  t h e  p r o d u c t  i s  d e te r m in e d ,  

t h e n  t h e  a c t i v i t y  o r i g i n a l l y  p r e s e n t  i n  t h e  sam ple  may be  

c a l c u l a t e d .  I f  on t h e  o t h e r  h a n d ,  t h e  a c t i v i t y  o f  t h e  sam ple  

i s  knov/n t h e n  i t s  w e i g h t ,  o r  c o n c e n t r a t i o n  may b e  f o u n d .
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T h is  t e c h n iq u e  may be u s e d  t o  d e te r m in e  t h e  

c o n c e n t r a t i o n  o f  a p a r t i c u l a r  component i n  a  m ix tu r e  so  lo n g  

a s  two c o n d i t i o n s  a r e  f u l f i l l e d :

F i r s t ,  t h e  p a r t i a l  c r y s t a l l i s a t i o n  o r  p r e c i p i t a t i o n  

o f  an  added  s a l t  s h o u ld ,  on s u b s e q u e n t  r e c r y s t a l l i s a t i o n ,  

y i e l d  a  p r o d u c t  f r e e  f rom  any  c o n t a m i n a n t s , S u b s i d i a r y  

e x p e r im e n t s  have  shown (1 0 )  t h a t  when p o ta s s iu m  s u l p h a t e ,  

d i t h i o n a t e  o r  t e t r a t h l o n a t e  w ere  s e p a r a t e l y  d i s s o l v e d  i n  

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

sp e c t ru m  o f  t h e  r e c o v e r e d  m a t e r i a l  was i d e n t i c a l  w i t h  t h a t  

o f  an  a u t h e n t i c  sp e c im e n .

S e c o n d ly ,  t h e  ex change  o f  r a d i o a c t i v e  l a b e l  i n v o l v i n g  

any o f  t h e  s p e c i e s  t o  b e  a n a ly s e d  s h o u ld  n o t  be  o b s e r v a b l e .

I t  h a s  b e e n  shown (2 6 )  t h a t  l a b e l l e d  s u lp h u r  a tom s a r e  

r a p i d l y  e x ch an g ed  a t  6 0 %  from  b o t h  s u l p h i d e  and s u l p h i t e  

p o s i t i o n s  b e tw e e n  t r i -  and  t e t r a t h l o n a t e  and b e tw e e n  t e t r a -  

and p e n t a t h i o n a t e .  A f t e r  2 h o u r s  a t  6 0 %  no e x ch an g e  was 

o b s e rv e d  b e tw e e n  d i -  and  t r i t h i o n a t e .

C o n s e q u e n t ly  t h e  p o s s i b i l i t y  o f  a  q u a n t i t a t i v e  

d e t e r m i n a t i o n  o f  p o l y t h i o n a t e s  f rom  m ix tu r e s  i s  i m p o s s i b l e  

by  t h i s  m eth od . How ever, i t  was c o n s i d e r e d  w o r th w h i le  t o  

m ea su re  t h e  am ounts ( i f  any ) o f  s u l p h a t e ,  d i t h i o n a t e  and 

" t e t r a t h l o n a t e "  p ro d u c e d  d u r i n g  t h e  r e a c t i o n .  The l a s t  

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

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

P o ta s s iu m  s a l t s  w ere  u s e d  t h r o u g h o u t  a s  t h e y  r e a d i l y  

c r y s t a l l i s e  w i t h  no  w a te r  o f  c r y s t a l l i s a t i o n .  Sam ples  o f  

p o ta s s iu m  s a l t s  o f  d i -  and t e t r a t h i o n i c  a c i d s  w ere  p r e p a r e d  

a s  d e s c r i b e d  i n  A ppend ix  1 .
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R e a c t i o n  M ix tu r e .

I t  was c o n s i d e r e d  t h a t  t h e  number o f  s u lp h u r  c o n t a i n i n g  

s p e c i e s  i n  t h e  p r o d u c t  m ix tu r e  s h o u ld  be  k e p t  t o  a  minimum. 

C o n s e q u e n t ly ,  t h e  r e a c t i o n  m ix t u r e s  w ere  p r e p a r e d  c o n t a i n i n g  

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

t h l o s u l p h a t e  m igh t b e  consum ed.

[iCgSgO^] = 0 .0 4 5  M; [K ,Pe(CN )g] = 0 .0 4 6 M,

The t o t a l  volume was 50 m l. The m ix tu r e  i n c l u d e d  2 m l. 

s t o c k  a c t i v e  t h l o s u l p h a t e  and h y d ro g e n  i o n  was s u p p l i e d  by  

an  a c e t i c  a c i d / p o t a s s i u m  a c e t a t e  b u f f e r  a t  pH 5 .1  M ix tu r e s  

w ere  a l lo w e d  t o  r e a c t  a t  25 %  f o r  24  h o u r s .

I n i t i a l  T re a tm e n t  o f  R e a c t io n  M ix tu r e s .

P r e l i m i n a r y  e x p e r im e n t s  showed t h a t  t h e  a d d i t i o n  o f  

p o t a s s iu m  t e t r a t h l o n a t e  t o  t h e  r e a c t e d  m ix tu r e  y i e l d s  an  

i n t e n s e  b l u e  c o l o u r a t i o n  on w arm ing and  c r y s t a l s  o b t a i n e d  

by  p a r t i a l  p r e c i p i t a t i o n  w i t h  a l c o h o l  a r e  g r e e n  i n  c o l o u r .

T h is  was a t t r i b u t e d  t o  t h e  r e p la c e m e n t  o f  one o r  more 

c y a n id e  g ro u p s  from  f e r r o c y a n i d e  by  t e t r a t h l o n a t e .  Com plexes 

o f  t h i s  ty p e  have  b e e n  p r o p o s e d  t o  e x p l a i n  t h e  a p p e a ra n c e  

o f  a  b l u e  c o lo u r  to w a rd s  t h e  end  o f  a  number o f  f e r r i c y a n i d e  

o x i d a t i o n s .  T hese  i n c l u d e  t h e  r e a c t i o n  v / i t h  s u l p h i t e  (1 9 )  

and  w i t h  t h l o s u l p h a t e  ( 2 0 ) .  T h e r e f o r e  i t  i s  i m p o r t a n t  t o  

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

c an  be a n a ly s e d  f o r  p r o d u c t s .  P r e c i p i t a t i o n  a s  t h e  c u p r i c  

compound o f f e r s  an  e f f i c i e n t  m ethod .

I n t o  e a c h  o f  tv/o 35  m l.  c a p a c i t y  c e n t r i f u g e  t u b e s ,  

f i t t e d  w i t h  g ro u n d  g l a s s  s t o p p e r s ,  w ere  p l a c e d  20 m l. o f  t h e  

r e a c t e d  m ix tu r e  f o l lo w e d  by  10 m l. 0 . 2  M. c u p r i c  a c e t a t e  

s o l u t i o n .  The t u b e s  w ere  sh a k en  f o r  s e v e r a l  m in u te s  and  t h e
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p r e c i p i t a t e  was rem oved i n  a  c e n t r i f u g e  a t  1500 r - ,p ,m .

F i n a l l y ,  t h e  s o l u t i o n  was f i l t e r e d  t o  rem ove l a s t  t r a c e s  

o f  s o l i d .  S in c e  c o p p e r  i s  e x p e c te d  t o  i n t e r f e r e  i n  much t h e  

same way a s  i r o n ,  e x c e s s  c u p r i c  i o n  was rem oved  by  

p r e c i p i t a t i o n  a s  t h e  h y d r o x i d e .  E ach  o f  two 20 m l,  p o r t i o n s  

o f  f i l t r a t e  w ere  t r e a t e d  v / i t h  2 m l.  10% p o ta s s iu m  h y d ro x id e  

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

a t  1500  r . p . m .  A f t e r  f i l t r a t i o n ,  t h e  s o l u t i o n ,  10 m l. o f  

w h ic h  w ere  e q u i v a l e n t  t o  n o t  more t h a n  0 .1  m l.  0 .0 1  M i o d i n e ,  

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

E x t r a c t i o n  o f  P r o d u c t s .

To i n d i v i d u a l  5 m l .  p o r t i o n s  o f  r e a c t i o n  m i x t u r e ,  

t r e a t e d  t o  rem ove t h e  i r o n  c o n t a i n i n g  s p e c i e s ,  was added  

a b o u t  1 g .  p o t a s s iu m  s u l p h a t e ,  d i t h i o n a t e  o r  t e t r a t h l o n a t e .

The m ix t u r e s  w ere  warmed t o  5 0 %  and i f  n e c e s s a r y ,  w a te r  

was added  t o  d i s s o l v e  t h e  s o l i d .  A lc o h o l  was add ed  d ro p w ise  

u n t i l  a  s l i g h t  t u r b i d i t y  becam e a p p a r e n t ,  a t  w h ic h  s t a g e  

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

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

on a  H i r s c h  f u n n e l  and r e c r y s t a l l i s e d  from  warm aqu eo us  

e t h a n o l .  The p r o d u c t  was d r i e d  a t  5 0 °  o v e r  CaO i n  v a c u o .

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

c o u n t i n g .  W e ig h ts  shov/n i n  t a b l e s  3 and 5 a r e  t h o s e  p e r  

250  m l.  o f  s o l u t i o n ,  a l t h o u g h  i n  many i n s t a n c e s  s m a l l e r  

vo lum es w ere  p r e p a r e d .

Commenting on t h e  r e s u l t s  shown i n  t a b l e  3 ,  we c an  

s a y  t h a t  no d i t h i o n a t e  was p r e s e n t  i n  t h e  r e a c t i o n  m i x t u r e ..

The a c t i v i t y  o b s e rv e d  a s  s u l p h a t e  am ounted  t o  a b o u t  6% and  

t h e  t o t a l  r e c o v e r e d  a c c o u n te d  f o r  72% o f  t h a t  p u t  i n .

The p r o c e d u r e  a d o p te d  f o r  t h e  rem o v a l  o f  t h e  i r o n
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c o n t a i n i n g  p r o d u c t s  r e s u l t e d  i n  a  4% l o s s  o f  a c t i v i t y .

T a b le  3 .

Ana l y s i s  o f . R e a c t i o n . M i x t u r e s .

B ackground  = 3773 c o u n ts /3 0 0 0  s e c .

S p e c ie s W t. added  
t o  5 m l.  
e x t r a c t *

Y /t/250 m l.
f o r

c o u n t in g

3000  s e c  
c o u n t

Diae t o  
sam ple

10~b X 
a c t i v i t y  
i n  r x n .

G O / -  : 1 .0 9 3  g . 0 .1 5 6 3  g . 4,371 598 1 7 .2

I I 1 .031  g . 0 .1 5 3 0  g . 4 , 4 3 4 661 1 8 .4

GgOgZ- I 1 .0 0 2  g . 0 .1 9 6 5  g . 3 , 7 3 3 -

I I 1 .0 2 5  g . 0 .2 3 1 6  g . 3 ,8 5 3 - -

: 1 .3 6 8  g . 0 .8 9 1 0  g . 3 4 ,7 7 4 31 ,001 1 9 6 .3

I I 1 .0 2 3  g . 0 .0 6 2 5  g . 6 ,5 5 9 2 ,7 8 6 188.1

Sample D i l u t i o n  3000  s e c  Due t o  10"^  X
c o u n t  sam ple  a c t i v i t y

1 m l. s t o c k
a c t i v e  1 ,0 0 0
t M o s u l p h a t e

1 m l,  e x t r a c t *  500

149,891

1 0 ,5 5 6

146,118

6 ,7 8 3

i n  r x n .

2 9 2 .2

2 7 9 .8

* The e x t r a c t  i s  t h e  r e a c t e d  m ix tu r e  a f t e r  t r e a t m e n t  t o  

rem ove i r o n  c o n t a i n i n g  s p e c i e s .

To T e s t  f o r  S u ln h u r  i n  t h e  I r o n  C o n t a i n i n g  P r o d u c t s .

P r e c i p i t a t e s  o f  C u ( l l )  f e r r i -  and f e r r o c y a n i d e  w ere  

w ashed  f r e e  from  Einy a d s o r b e d  s u lp h u r  c o n t a i n i n g  s p e c i e s  

by  s u s p e n d in g  i n  10% sodium  p e r c h l o r a t e  s o l u t i o n .  The s o l i d  

v/as rem oved  i n  a  c e n t r i f u g e .

T h in  f i l m s  w ere  d e p o s i t e d  on p l a n c h e t s  by  a l l o w in g  

t h e  w a te r  f ro m  s e v e r a l  d r o p s  o f  a  s u s p e n s io n  t o  e v a p o r a t e  

u n d e r  an  i n f r a r e d  lam p . F o r  c o u n t i n g ,  s a m p le s  w ere  h e l d
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c l o s e  t o  t h e  f a c e  o f  an  "end  on" G e ig e r  M u l le r  t u b e ,  

e s p e c i a l l y  s u i t e d  f o r  t h e  c o u n t in g  o f  a  and  low e n e rg y  

B p a r t i c l e s .

The r e s u l t s  ( t a b l e  4 )  show t h a t  no  a c t i v i t y  was 

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

A il

A n a l y s i s  o f  P r e c i p i t a t e s .

1 8 ,0 0 0  s e c  c o u n t s .

B ackgr ound 4 ,401

T h in  f i l m  I  4 ,3 5 2

I I  4 ,4 7 5

To T e s t  t h e  I s o t ope D i l u t i o n  T e c h n iq u e ,

I n  v iew  o f  t h e  low  r e c o v e r y  o f  S i t  was d e c id e d  

t o  c h ec k  t h e  e f f i c i e n c y  o f  t h e  i s o t o p e  d i l u t i o n  t e c h n i q u e .

R e a c t i o n  m ix t u r e s  w ere  p r e p a r e d  a s  b e f o r e  b u t  i n  

p l a c e  o f  f e r r i c y a n i d e  th e  e x a c t  amount o f  i o d i n e  r e q u i r e d  

f o r  e q u iv a l e n c e  was a d d e d ,  U n^der t h e s e  c o n d i t i o n s  t h l o s u l p h a t e  

i s  q u a n t i t a t i v e l y  o x i d i s e d  t o  t e t r a t h l o n a t e  ( 2 7 ) .  The 

m ix tu r e  was d i l u t e d  by  a  f a c t o r  o f  1 . 6 5  w i t h  w a t e r  c o n t a i n i n g  

2 m l.  10% p o ta s s iu m  h y d r o x id e .  The r e s u l t i n g  s o l u t i o n  was 

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

The r e s u l t s  ( t a b l e  5) show c o m p le te  r e c o v e r y  o f  

t e t r a t h l o n a t e  a c t i v i t y  b u t  none was fo u n d  i n  t h e  

r e c r y s t a l l i s e d  s u l p h a t e .
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C o n t ro l ,  E x p e r im e n ts .  

Backgrounci = 3773 c o u n ts /3 0 0 0  s e c

T o ta l  a c t i v i t y  
p r e s e n t = 2 9 2 .2  X 10^ c o u n ts / 3 0 0 0  s e c

S p e c ie s W t. ad ded  
t o  5 m l.  
s o l n .

Wt/ 2 5 0  m l.
f o r

c o u n t in g

3000  s e c  
c o u n t

Due t o  
sam ple

bo/ -  X 1 .2 2 5  g . 0 .1 3 1 9  g . 3 ,781 -

I I 1 . 0 1 4  g . 0 .1 3 6 9  g . 3 ,7 4 2 -
2 -

: 1.721  g . 1 .2 3 9 0  g . 5 4 ,7 7 6 5 1 ,0 0 3

I I 1 .9 2 6  g . 1 .4 7 1 5  g . 5 4 ,8 9 0 5 1 ,1 1 7

10~^ X
t o t a l
a c t i v i t y

2 9 2 .2

276.0

D i s c u s s i o n .

A ro u g h  e s t i m a t e  o f  t h e  " a c t i v e "  t h l o s u l p h a t e  s u g g e s t s  

t h a t ,  a t  t h e  t im e  o f  t h e  e x p e r im e n t ,  a b o u t  1 i n  1000 m o les  

c o n t a i n  Thus when t h l o s u l p h a t e  i s  o x i d i s e d  t o

t e t r a t h l o n a t e  t h e  v a s t  m a j o r i t y  o f  a c t i v e  t e t r a t h l o n a t e  

c o n t a i n s  one atom  p re s u m a b ly  a s  * 3 0 ^ - 3 - 3 - 3 0 ^ .

F o s s  (1 7 )  s u g g e s t s  t h a t

-  + SO3
2-

can  o c c u r  w i t h  e q u l i b r iu m  l y i n g  w e l l  t o  t h e  l e f t ,  i f  

u n d i s t u r b e d .

One m ig h t  n e e d  t o  n o t i c e  a  d i s t i n c t i o n  i n  t h e  r e a c t i o n

c o n d i t i o n s  b e tw e e n  t h o s e  u s e d  f o r  k i n e t i c  p u r p o s e s  and

t h o s e  u s e d  f o r  r a d i o c h e m i s t r y  e x p e r i m e n t s .  S in c e  we t e n d

t o  u s e  d i l u t e  s o l u t i o n s  and t h e  r e v e r s e  r e a c t i o n  c o u ld  b e

f a s t  com pared w i t h  t h e  fo rv /a rd  o n e ,  t h e r e  w i l l  t e n d  t o  b e
2—l i t t l e  re m o v a l  o f  S^Og by  t h l o s u l p h a t e  ( a )  b e c a u s e  o f  t h e  

r e v e r s i b i l i t y  and (b )  b e c a u s e  s o l v e n t  c a g e s  w i l l  t e n d  t o
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2— 2 —make and  30^ r e a c t  t o g e t h e r  a g a i n  r a t h e r  t h a n

a l lo w in g  s u l p h i t e  t o  s e p a r a t e  and be  rem oved i n  some o t h e r  

way.

The fo r w a r d  r e a c t i o n  b e tw ee n  t h l o s u l p h a t e  and 

t e t r a t h l o n a t e  can  b e  w r i t t e n  t o  i n v o lv e  a  v a r i e t y  o f  a c t i v e  

and i n a c t i v e  p a r t n e r s .
o _

I f  8 ^  r e p r e s e n t s  a  p o l y t h i o n a t e  8^0^

( I ) 5 - 8 0 3G-
+ ^ 4 -------> D + 8 0 j 2 "

( I I ) s - » s o , ^ “ + ®4 --------> * 8 - 8 4 + 8 0 j 2 -

( I I I ) 8 - S 03G- + *8 - 8 ,3 -------- > =>=8 - 8^ + 3 0 ^ 2 -

8 ^ + *80=2"
5 3

(IV ) S-*SO,G " + *8 - 8 ? — * 3 - 8 ^ + * 8 cy 2"

* 3 - 8 ^ - 8* + 8 0 j 2 -

Of t h e s e  (IV ) w i l l  be  n e g l i g i b l e  by  a  f a c t o r  o f  

1 t o  1000 com pared  w i t h  ( l l )  and  ( i l l ) .  S in c e  t h e  f a t e  o f  

t h e  l a b e l l e d  s u lp h u r  i s  b e in g  so u g h t  e n c o u n t e r s  w here  b o t h  

s p e c i e s  a r e  i n a c t i v e  may b e  i g n o r e d .  The l a t t e r  a r e  p r e s e n t

a s  d i l u e n t s  and h e n c e  o n ly  r e a c t i o n s  ( l l )  and ( i l l )  n e e d  be

c o n s i d e r e d .  A l l  r a t e  c o n s t a n t s  w i l l  be  t h e  same b u t  i t

d o e s  n o t  f o l lo w  t h a t  t h e  r a t e s  w i l l  be  e q u a l .  Y/hen

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

o f  t h e  p r o d u c t  w i l l  b e  a c t i v e  a s  o f  r e a c t a n t ,  t h a t  i s ,  1 i n  

1000 m o le s  w i l l  be  * 8 - 8 ^ .

2 - -

1000

R a te  ( i l l )  = k
1000
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I n  o t h e r  w o rd s  t h e  two r a t e s  w i l l  be  t h e  same and

t h e r e f o r e  b o t h  p r o c e s s e s  w i l l  be  e q u a l l y  p r o b a b l e .  One

q u a r t e r  o f  t h e  s u l p h i t e  fo rm ed  i n  t h i s  way w i l l  be a c t i v e ,
2 —  2 “Suppose  t h a t  0^ and SO^ do s e p a r a t e  and  t h a t  

t h e  l a t t e r  h a s  a  c h an ce  o f  r e a c t i n g  w i t h  p e n t a t h i o n a t e  i o n .

The o n ly  s o u r c e  o f  t h e  tv/o s p e c i e s  a r e  r e a c t i o n s  ( l l )  and  ( i l l )  

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

and s u l p h i t e  i n  t h e  r a t i o  3 : 1 .

(V) + s   > * 8 - 8 j  + 8 - 8 0 2 ^ -

(V I) SOjG- + * 8 -8 ^   ) « 8 - 3 ,  + 8 - 8 o / "

S + 8 -*80 , 2 -

R a te  e q u a t i o n s  may be  w r i t t e n ,

[ s  0 , 2 - j [8  1
H a te (V )  = k  —— U —. 5

4000

[S  0 ,G -J  3 [ s  ]
R a te  (V I)  = k  ^ — 2 ^

4000

h e n ce  3 / 4  o f  t h e  o v e r a l l  change  w i l l  go th r o u g h  ( V I ) ,  I n  

t h i s  w ay, u p o n  r e v e r s a l  o f  r e a c t i o n s  ( l l )  and ( i l l )  o n ly  

3 /8  o f  t h e  a c t i v i t y  w i l l  be  r e t u r n e d  a s  t h l o s u l p h a t e  and 

5 /8  a s  t e t r a t h l o n a t e .  T h is  r e p r e s e n t s  a  s l i g h t  e n r ic h m e n t  

o f  t e t r a t h l o n a t e  a c t i v i t y .  I f  t h e  c a l c u l a t i o n  f o r  t h e  f o r w a rd  

r e a c t i o n  i s  r e p e a t e d  i t  w i l l  be  fo u n d  t h a t  s u l p h i t e  w i l l  

now c o n t a i n  5 /1 6  o f  t h e  l a b e l ,  c l o s e  t o  t h e  l i m i t i n g  v a lu e  

o f  1 /3  e x p e c te d  a f t e r  c o n t in u e d  e x c h a n g e .  I n  p r a c t i c e ,  

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

s i t u a t i o n  w ould  o n ly  b e  r e a c h e d  i f  t h e  exchang e  was v e r y  

f a s t .  T h is  i s  n o t  s o .

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

p ro p o s e d  by F o s s  and may be  r e p r e s e n t e d  by  r e a c t i o n s  ( I I ) and  

( i l l )  i f  i s  r e p l a c e d  by  t h e  g e n e r a l  p o l y t h i o n a t e  S ^ ,

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

i n i t i a l  s t e p  a l r e a d y  d i s c u s s e d ,  ( a )  i f  no  r e v e r s a l  h a s  

o c c u r r e d  and p e n t a t h i o n a t e  a c t i v i t y  i s  t h e r e f o r e  3 / 4  o f  i t s  

c o n c e n t r a t i o n  and  (b )  i f  r e p e a t e d  ex ch an ge  h a s  r e d u c e d  t h i s  

r a t i o  t o  2 / 3 .

I n  th e  f i r s t  c a s e

R a t e ( l l l )  3

and h e n ce  3 / 4  o f  t h e  r e a c t i o n  w i l l  go b y  way o f  ( i l l )  t o
2—g iv e  a  p r o d u c t  i n  w h ic h  SO^ ~ w i l l  c o n t a i n  3 / 8  o f  t h e  

a c t i v i t y ,  t h e  r e m a in in g  5 /8  b e in g  fo u n d  a s  S ^ .  I f  t h e  

r e v e r s e  o f  t h i s  r e a c t i o n  o c c u r s  t h e n  a  1 :2  d i s t r i b u t i o n  

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

e v e n t u a l l y  be  r e a c h e d .

I n  t h e  s e c o n d  c a s e

M t e i n L  _ 1
E a t e ( I I I )  2

and t h e  p r o d u c t s  w ould  c o r r e s p o n d  t o  t h o s e  o b t a i n e d  a f t e r  

p r o lo n g e d  e x c h a n g e .  I n  t h i s  c a s e  t h e  r e v e r s e  r e a c t i o n  i s  o f  

no  c o n se q u e n c e .

A c c o rd in g  t o  F o s s  a f t e r  a b o u t  20% s u l p h i t e  h a s  b e e n  

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

G4  • G5 !

i s  1 ,0  : 0 .2  : 0 .0 2  ; 0 ,0 0 1 3

aj.id p o l y t h l o n a t e s  h i g h e r  t h a n  a r e  n o t  e x p e c te d  t o  malce
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a  s i g n i f i c a n t  c o n t r i b u t i o n .

One f u r t h e r  c o n s i d e r a t i o n  i s  r e q u i r e d .  I f  t e t r a t h i o n a t e  

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

t r i t h i o n a t e .  F o s s  h a s  shov/n th e . t  t h e  r a t e  c o n s t a n t  f o r  t h e  

r e a c t i o n  o f  t h e  l a t t e r  w i t h  t h l o s u l p h a t e  i s  one pow er o f  t e n  

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

S o , from  t h e  p o i n t  o f  v iew  o f  a c t i n g  a s  a  s o u r c e  o f  s u l p h i t e  

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

i n e r t .  I t  w i l l ,  h o w ev er ,  b e  fo rm ed  n e a r l y  two t h i r d s  l a b e l l e d .

T u rn in g  now t o  c o n s i d e r  t h e  c o u r s e  o f  t h e  r e a c t i o n  

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

s u l p h i t e  b y  f e r r i c y a n i d e  h a s  b e e n  i n v e s t i g a t e d  by  S w in e h a r t  

( 1 9 ) .  He fo u n d  t h a t  i f  t h e  l a t t e r  was i n  e x c e s s ,  t h e  m a jo r  

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

p r e s e n t  i n v e s t i g a t i o n  and  in d e e d  no  d i t h i o n a t e  was d e t e c t e d .  

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

d e p en d s  on two f a c t o r s .

F i r s t ,  on t h e  c o n t r i b u t i o n  t h a t  t h e  " t e t r a t h i o n a t e  

c a t a l y s e d "  r e a c t i o n  makes to w a rd s  t h e  o v e r a l l  r a t e  o f  l o s s  

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

h a s  fo u n d  t h a t  a f t e r  20% o f  t h e  t h i o s u l p h a t e  h a s  r e a c t e d  

w i t h  t e t r a t h i o n a t e  t h e  p r o d u c t s  b e g an  t o  decom pose 

l i b e r a t i n g  s u l p h u r , No s u l p h u r  was d e p o s i t e d  i n  t h e  r e a c t i o n  

s t u d i e d ,  so  t h e  c o n t r i b u t i o n  i s  n o t  e x p e c te d  t o  be  more 

t h a n  some 20%,

S e c o n d ly ,  b u t  t o  a  l e s s e r  e x t e n t ,  t h e  amount o f  

r a d i o a c t i v e  s u l p h a t e  p ro d u c e d  w i l l  d ep en d  on t h e  c o m p e t i t i o n
P__

b e tw e e n  f e r r i c y a n i d e  and p o l y t h i o n a t e  f o r  80^  " ,  I f  

p o l y t h i o n a t e  i s  t h e  b e t t e r  r e a c t a n t  t h e n  i / 3  o f  t h e  a c t i v i t y  

w i l l  e v e n t u a l l y  end up  a s  s u l p h a t e .  O th e rw is e  i / 4  -  1 /3  

w i l l  be  a  more r e a l i s t i c  f i g u r e .
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About 6% o f  t h e  t o t a l  a c t i v i t y  was fo u n d  as s u l p h a t e .

S in c e  e v e ry  a c t  o f  s u l p h i t e  f o r m a t io n  l e a d s  t o  t h e  p r o d u c t i o n  

o f  a  p o l y t h i o n a t e  8^  or h i g h e r  t h e n  some 12 -  18% o f  t h e  

a c t i v i t y  w i l l  be  p r e s e n t  a s  h i g h e r  p o l y t h i o n a t e s .  I n  t h e  

lov/er l i m i t i n g  c a s e  t h e  r e m a in in g  s u lp h u r  c o n t a i n i n g  p r o d u c t s  

w i l l  be  t r i t h i o n a t e  and t e t r a t h i o n a t e ,  t h e  sum o f  t h e i r  

a c t i v i t i e s  am o u n tin g  t o  82% o f  t h e  t o t a l .  I n  t h e  o t h e r  i n s t a n c e  

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

e a c h  p o l y t h i o n a t e  w i l l  b e  n e a r l y  p r o p o r t i o n a l  t o  t h e  m o la r  

c o n c e n t r a t i o n ,  so  we c a n  w r i t e .

I h l i i i i  -  82
[ s . ]  + . . .  12

6 ,8

The a c t i v i t y  due t o  t e t r a t h i o n a t e  v/as fo u n d  t o  be  

66% b u t  t h i s  f i g u r e  c o u ld  b e  h i g h  owing t o  ex ch a n g e  d u r i n g  

t h e  e x t r a c t i o n  p r o c e d u r e .  The e f f i c i e n c y  o f  t h e  t e c h n iq u e  

was c h e c k e d .  I t  c a n  o n ly  b e  c o n c lu d e d  t h a t  n o t  more t h a n  

66% o f  t h e  a c t i v i t y ,  b u t  somev/hat l e s s ,  v/as p r e s e n t  a s  

t e t r a t h i o n a t e .  The s i t u a t i o n  i s  t h e r e f o r e  p e r h a p s  n e a r e r  

t h e  f i r s t  l i m i t i n g  c a s e .

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

18% o f  t h e  o v e r a l l  f e r r i c y a n i d e - t h i o s u l p h a t e  r e a c t i o n  h a s  

gone b y  way o f  s u l p h i t e .  The p r o d u c t  r a t i o s  may t h e r e f o r e  

be  com pared w i t h  t h o s e  c a l c u l a t e d  b y  F o s s  f o r  20% r e a c t i o n .

J h t L .   =    4 . 5
[ s . ]  + . . .  0 . 2 2
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I f  n e c e s s a r y ,  t h e  h i g h e r  v a lu e  o f  6 ,8  o b s e rv e d  i n  

c a s e s  w here  SO^ "  i s  n o t  I n s t a n t l y  rem oved by  f e r r i c y a n i d e  

may be  e x p l a i n e d  b y  t h e  f o r m a t io n  o f  t r i t h i o n a t e .  T h is  w i l l  

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

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

o f  h i g h e r  p o l y t h i o n a t e s .  C o n s e q u e n t ly  t h e  c o n c e n t r a t i o n  

o f  t h e  l a t t e r  w i l l  be  l e s s  t h a n  e x p e c te d  l e a d i n g  t o  t h e  

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

q u a l i t a t i v e  a g re e m e n t  w i t h  t h i s  c o n c l u s i o n .
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A. STUDY OF. THE KINETICS OF 

THE REACTION.

P r e l i m i n a r y E x p e r im e n t s .

( i )  R e p r o d u c i b i l i t y  o f  M easu rem en ts .

Two a n a l y t i c a l  t e c h n iq u e s  h a v e ,  i n  t h e  p a s t ,  b e e n  u s e d  

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

r e a c t i o n ;  t h e  t i t r i m e t r i c  mthod f i r s t  a d o p te d  by  Sandved  

and  H o l te  (1 2 )  and  l a t e r  u s e d  by  B a t s to n e  (1 3 )  and  t h e  

s p e o t r o p h o t o m e t r i c  t e c h n iq u e  o f  S p i r o  and  B a r r e i r a  ( 2 0 ) .

The r e p r o d u c i b i l i t y  o f  m easu rem en ts  was ch eck ed  by  

b o t h  m e th o d s ,  and t h e  e f f e c t s  o f  s u r f a c e  and o f  l i g h t  on 

t h e  r a t e  o f  r e a c t i o n  w e re  d e te r m in e d  s im u l t a n e o u s  13?',

S i x  i d e n t i c a l  r e a c t i o n  m ix t u r e s  w e re  p r e p a r e d  a s  

f o l lo w s :

100 m l, p o r t i o n s ,  o f  0 ,1 0 0  M, p o ta s s iu m  f e r r i c y a n i d e  

and p o ta s s iu m  t h l o s u l p h a t e  w ere  p i p e t t e d  i n t o  s e p a r a t e  

500 m l, w ide  m outhed  c o n i c a l  f l a s k s  and  50 m l, p h o s p h a te  

b u f f e r  (pH 7 . 4 )  added  t o  b o t h  r e a c t a n t s .  The f l a s k s  w ere  

a l lo w e d  t o  a t t a i n  t h e r m a l  e q u i l i b r i u m  i n  a  t h e r m o s t a t  a t  

2 5 % ,  The r e a c t i o n  was s t a r t e d  b y  m ix in g  t h e  c o n t e n t s  o f  

t h e  two f l a s k s  and  h o m o g en e ity  was e n s u r e d  by  t r a n s f e r r i n g  

t h e  m ix tu r e  from  one v e s s e l  t o  t h e  o t h e r ,  s e v e r a l  t i m e s .

The c lo c k  was s t a r t e d  u pon  i n i t i a l  m ix in g .  Two r e a c t i o n  

m i x t u r e s ,  l a b e l l e d  A, w ere  p a c k e d  w i t h  3 . 0  g ,  g l a s s  v/ool 

w h i l s t  two o t h e r s ,  l a b e l l e d  B, w ere  c o v e re d  w i t h  m e ta l  f o i l  

t o  e x c lu d e  l i g h t .  Sam ples w ere  w ith d rav /n  a t  t im e d  i n t e r v a l s  

and a n a ly s e d  a s  f o l l o w s :

( a )  Ti t r i m e t r i c  D e t e r m in a t io n  o f  T h i o s u l p h a t e .

20 m l, a l i q u o t s  o f  r e a c t i o n  m ix tu r e  w ere  quenched  i n
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i c e / w a t e r  and t i t r a t e d  im m e d ia te ly  w i t h  a p p r o x im a te ly  

G .02  N, i o d i n e  i n  t h e  p r e s e n c e  o f  s t a r c h .  The c o lo u r  a t  t h e  

e n d p o in t  was s t a b l e  f o r  a t ^ e a s t  t o n  m in u te s  and  i t  was 

c o n c lu d e d  t h a t  any r e a c t i o n  b e tw e e n  f e r r i c y a n i d e  and  i o d i d e  

was i n s i g n i f i c a n t ,

(b )  S p e c t r o p h o tometr i c  D e te rm in a t i o n  o f  F e r r i c y a n i d e .

2 m l,  sam p le s  o f  r e a c t i o n  m ix tu r e  w ere  r u n  i n t o  100 m l,  

s t a n d a r d  f l a s k s  and made up  t o  t h e  m ark w i t h  v / a t e r .  The 

a b s o r b a n c e  o f  t h i s  s o l u t i o n  was d e te r m in e d  a t  420  nm, i n  a  

i cm, g l a s s  c e l l ,  w i t h  w a t e r  i n  t h e  r e f e r e n c e  com partm ent 

o f  a  Pye Unicam SP500 s p e c t r o p h o t o m e t e r .  A t t h i s  w a v e le n g th  

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

1020 cm "^, The e f f i c i e n c y  o f  q u e n c h in g  by  d i l u t i o n  was 

c h ec k ed  by  m e a s u r in g  t h e  a b s o rb a n c e  o v e r  a  p e r i o d  o f  t e n  

m in u te s  when no  p e r c e p t i b l e  change  o c c u r r e d .

I n  b o t h  ( a )  and  (b )  " z e r o  t im e "  r e a d i n g s  w ere  o b t a i n e d  

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

s o l u t i o n .

Co n c lu s io n .

Commenting on t h e  r e s u l t s  shown i n  t a b l e  6 i t  i s  s e e n  

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

in d e p e n d e n t  o f  t h e  m easu rem en t t e c h n i q u e .  L ig h t  and 

s u r f a c e  w ere  fo u n d  t o  have  no  e f f e c t .

I t  c a n  be  i n f e r r e d  t h a t  s i n c e ,  u n d e r  i d e n t i c a l  

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

t o  th e  r a t e  o f  l o s s  o f  t h i o s u l p h a t e ,  t h e n  t h e  

s t o i c h e i o m e t r y  o f  t h e  r e a c t i o n  i s  1 ; i .
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Tabla 6 .

Re p r o d u c I b i1 i t y  o f  M easu rem en ts .

[K2S203 I 0 .0 3 3 3  M. pH = 7 .4 0

[K^Pe(CN)g] = 0 ,0 3 3 3  M. T e m p é ra tu re  = 2 5 .0  -

Time
( h o u r s

[ iM o B T ilp h a ta  ]
) X 1 0 ^  M.

A B

[ F e r r i c y a n i d e ]  
X 10^ M.

A B
0 3 .3 3 3 .3 3  3 .3 3 3 .3 3 3 .3 3 3 .3 3

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

2 . 0 2 .1 7 2 . 1 9  2 . 1 7 2 .0 7 2 .1 2 2 .0 8

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

4 . 0 1 .3 9 1 .41  1 . 4 0 1 .3 3 1 .3 9 1 .3 6

5 .0 1 .1 5 1 . 1 7  1 . 1 7 1 .0 9 1 .1 5 1 .1 5

6 ,0 0 .9 9 1 .01  1 .01 0 .9 4 0 .9 8 0 .9 8

7 .0 0 .8 7 0 .8 6  0 .8 9 0 .8 3 0 .8 8 0 .8 8

8 .0 0 .7 9 0 .7 9  0 .8 0 0 .7 6 0 .7 8 0 .7 8

( i i )  To I n v e s t i g a t e t h e  S p e c t r a l  Cha n g e s D u r in g  R e a c t i o n .

The o n ly  m a t e r i a l s  p r e s e n t  w h ic h  a b s o rb  i n  th e

1 5 ,0 0 0  -  4 0 ,0 0 0  wavenumber r e g i o n  o f  t h e  sp e c t ru m  a r e  t h e

com plex c y a n id e s  o f  i r o n ,  T h io s u lp h a t e  i o n  a b s o r b s  s t r o n g l y
-1beyond  4 0 ,0 0 0  cm b u t  i n  t h i s  r e g i o n  a b s o rb a n c e  

m easu rem en ts  a r e  n o t  so  r e l i a b l e .

A 250  m l,  ro u n d  b o t to m e d  f l a s k ,  d i v i d e d  i n t o  two 

c o m p a r tm e n ts ,  was u s e d  t o  p r e p a r e  t h e  r e a c t i o n  m i x t u r e .  

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

f l a s k  and  a l lo w e d  t o  e g u i l i b r i a t e  a t  4 0 °C i n  a  t h e r m o s t a t .  

The h i g h e r  t e m p e r a t u r e  was c h o sen  i n  o r d e r  t h a t  a  

r e l a t i v e l y  f a s t  r e a c t i o n  m ig h t be  o b s e r v e d .  The r e a c t a n t s  

w ere  m ixed b y  s h a k in g  t h e  f l a s k  and  t h e  c lo c k  was s t a r t e d .
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The r e a c t i o n  m ix tu r e  v/as t r a n s f e r r e d  t o  a  2 mm, s i l i c a  c e l l ,  

w h ic h  v/as p l a c e d  i n  t h e  t h e r m o s t a t t e d  c e l l  com partm en t o f  

a  Pye Unicam SP800 r e c o r d i n g  s p e c t r o p h o t o m e t e r .  P h o s p h a te  

b u f f e r  was u s e d  i n  th e  r e f e r e n c e  beam and t h e  t e m p e r a t u r e  

was m a i n t a i n e d  a t  4 0 % .

The s p e c t ru m  o f  t h e  r e a c t i n g  m ix tu r e  was sc an n e d  

r a p i d l y  b e tw e e n  1 5 ,0 0 0  and 4 0 ,0 0 0  c m " \  a t  t im e d  i n t e r v a l s .  

The c u rv e s  a r e  shov/n i n  g r a p h  1 . I f  t h e s e  s p e c t r a l  

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

f e r r i c y a n i d e  i n t o  f e r r o c y a n i d e ,  w i t h  no  o t h e r  i r o n  c o n t a i n i n g  

p r o d u c t s ,  t h e n  t h e  c u rv e s  o u gh t t o  b e  r e p r o d u c e d  by  m ix t u r e s  

o f  r e a c t a n t  and  p r o d u c t ,  s u c h  t h a t  t h e  sum o f  t h e i r  m o la r  

c o n c e n t r a t i o n s  w i l l  be  c o n s t a n t .

S i x  s o l u t i o n s  c o n t a i n i n g  p o ta s s iu m  f e r r i c y a n i d e  and 

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

c o n c e n t r a t i o n s  e x p e c te d  d u r in g  t h e  c o u r s e  o f  t h e  k i n e t i c  

r u n .  The a b s o rb a n c e  c u r v e s  w ere  r e c o r d e d  b e tw ee n  1 5 ,0 0 0  and

4 0 ,0 0 0  cm"^ a t  4 0 %  u s i n g  b u f f e r  a s  r e f e r e n c e .  T hese  a r e  

shown i n  g r a p h  2 ,  A s p e c t ru m  o f  0 .1  M. sodium  t h i o s u l p h a t e  

was r e c o r d e d  on t h e  same c h a r t .

C o n c lu s io n .

Commenting on t h e  r e s u l t s  shown i n  t a b l e  7 ,  t h e  

c a l c u l a t e d  r a t e  o f  r e a c t i o n  i s  in d e p e n d e n t  o f  t h e  w a v e le n g th  

a t  v /h ich  m ea su re m e n ts  w ere  made.

The i s o s b e s t i c  p o i n t  f o r  t h e  k i n e t i c  r e s u l t s  v/as fo u n d  
—1t o  l i e  a t  3 5 ,0 4 0  cm"  ̂ w here  t h e  s o l u t i o n  h a s  an  a b s o rb a n c e  

o f  0 .9 2 0 .  The p o s i t i o n  was d u p l i c a t e d  by  t h e  " s y n t h e t i c "  

r e a c t i o n  m ix t u r e s  ( g r a p h  2) b u t  i n  t h i s  c a s e  t h e  a b s o rb a n c e  

v/as 0 .8 5 0 .  The l a t t e r  d id  n o t  c o n t a i n  t h i o s u l p h a t e ,  0 ,1  M. 

sodium  t h i o s u l p h a t e  was fo u n d  t o  h av e  an  a b s o rb a n c e  o f  0 ,0 5 0
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—ia t  3 5 ,0 4 0  cm" . S in c e  t h e  e f f e c t s  w ou ld  be  a d d i t i v e ,  t h e  

a b s o rb a n c e  a t  t h e  " t h e o r e t i c a l "  i s o s b e s t i c  p o i n t  i s  0 .9 0 0 ,  

A t t h e  i s o s b e s t i c  p o i n t  t h e  e x t i n c t i o n  c o e f f i c i e n t s  

o f  r e a c t a n t s  and o f  p r o d u c t s  a r e  e q u a l .

A = E ( [ E e ( C N ) / " ]  + [ E e ( C N ) / “] )

w here  A i s  t h e  a b s o r b a n c e  and  E i s  t h e  e x t i n c t i o n  c o e f f i c i e n t ,  

The p r e s e n c e  o f  s u c h  a  p o i n t  i m p l i e s  t h a t  t h e  sum o f  t h e  

tw o c o n c e n t r a t i o n s  i s  c o n s t a n t  t h r o u g h o u t  t h e  k i n e t i c  r u n .  

S in c e  t h e  p o s i t i o n  and a b s o rb a n c e  w ere  d u p l i c a t e d  by  m ix tu r e s  

o f  f e r r i c y a n i d e  and f e r r o c y a n i d e  i o n ,  t h e  i d e n t i t y  o f  t h e  

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

any  o t h e r  i r o n  c o n t a i n i n g  p r o d u c t s ,  w h ic h  may be  fo rm e d ,  

w i l l  have  d i f f e r e n t  s p e c t r a l  c h a r a c t e r i s t i c s  f rom  t h e  a b o v e ,
CL

T h is  i s  a  r e s o n a b l e  a s s u m p t io n .

The r e s u l t  shows t h a t  n o t  l e s s  t l i a n  98% o f  t h e  i r o n  

c o n t a i n i n g  p r o d u c t  a p p e a r s  a s  f e r r o c y a n i d e  i o n .
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Tabl e  7 .

R e p rod u c l b i l i t .v  o f  M easurem ents  

a t  V a r io u s  W avelen g t h s .

% F e r r i c y a n i d e  r e m a in in g  a t  t h e  g iv e n  w a v e le n g th ,  

2 3 ,8 0 0  3 1 ,5 0 0  3 3 ,0 0 0  cm''^^muis j

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

4 8 .0 8 5 .7 8 7 .4 8 7 .2

5 4 .0 7 3 .5 7 3 .5 7 5 .2

7 6 .0 6 0 . 0 6 1 .8 6 1 .8

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

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

1 0 9 .0 1 1 .4 1 3 .0 1 3 .7

1 3 5 .0 0 . 2 . 0 3 .3
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G e n e ra l  T ec h n iq u e  A dop ted  f o r  P o l lo w in /p  t h e  R e a c t i o n ,

A l l  k i n e t i c s  e x p e r im e n ts  w ere  c a r r i e d  o u t  i n  th e  

t h e r m o s t a t t e d  c e l l  com partm ent o f  a  Pye Unicam SP800 

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

t o  -  0 ,0 2 ° G . The i n s t r u m e n t  was o p e r a t e d  i n  t h e  f i x e d  

w a v e le n g th  mode a t  23,8iiO cm"*‘ , i n  c o n j u n c t i o n  w i t h  a  c h a r t  

e x p a n s io n  u n i t  c o n n e c te d  t o  an  e x t e r n a l  r e c o r d e r .  The l a t t e r  

was f i t t e d  v / i t h  a  sy n c h ro n o u s  c h a r t  d r i v e  m o to r and h ad  b e e n  

c a l i b r a t e d  f o r  t i m e ,  iJLl i n i t i a l  r a t e  m easu rem en ts  w ere  

made w i t h  a  s c a l e  e x p a n s io n  o f  20 and t h e  r e s u l t  was d i s p l a y e d  

on a. iO ” w ide  c h a r t .

E q u a l  vo lum es o f  t h i o s u l p h a t e  and  o f  f e r r i c y a n i d e  w ere  

m ea su re d  c u t  by  p i p e t t e s  i n t o  o p p o s i t e  s i d e s  o f  a  p a r t i t i o n e d  

250  m l,  ro u n d  b o t to m e d  f l a s k .  B u f f e r  was added  t o  e a c h  

r e a c t a n t  and  t h e  m ix t u r e s  a l lo w e d  t o  a t t a i n  t h e r m a l  e q u i l i b r i u m  

i n  a  t h e r m o s t a t .  The r e a c t i o n  was s t a r t e d  b y  s h a k in g  t h e  

f l a s k  and  s w i t c h in g  on t h e  r e c o r d e r  a t  t h e  same t i m e .  The 

m ix tu r e  was t r a n s f e r r e d  t o  a  1 cm, g l a s s  c e l l  and  p l a c e d  

i n  t h e  s p e c t r o p h o t o m e t e r .  The " b a c k  o f f "  c o n t r o l ,  f i t t e d  

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

o n to  t h e  c h a r t ,  and t h e  a b s o rb a n c e  r e c o r d e d  f o r  some t im e .  

I n i t i a l  r a t e s  w ere  m ea su re d  a s  t h e  r a t e  o f  change  o f  

a b s o rb a n c e  w i t h  t im e ,  and  c o n v e r t e d  i n t o  c o n c e n t r a t i o n  u n i t s  

by  d i v i d i n g  b y  t h e  e x t i n c t i o n  c o e f f i c i e n t  f o r  f e r r i c y a n i d e  

i o n ,

d t  d t  i  020

w here  t  i s  i n  m in u te s ,  when a  1 cm, c e l l  i s  u s e d .
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■pH M e asu rem en ts .

pH m ea su re m e n ts  w ere  c a r r i e d  o u t  u s i n g  a  Pye Dynacap 

pH m e te r  i n  c o n j u n c t i o n  w i t h  an  I n g o ld  com bined  g l a s s  and 

c a lo m e l  e l e c t r o d e .  The i n s t r u m e n t  was c a l i b r a t e d  by  mean.s 

o f  a  0 , 0 5  m o la l  p o t a s s iu m  h y d ro g e n  p h t h a l a t e  s o l u t i o n ,  b u t  

f o r  m easu rem en ts  i n  t h e  n e a r  n e u t r a l  r e g i o n s  a  p h o s p h a te  

b u f f e r  was u s e d .  The l a t t e r  was p r e p a r e d  fro m  t a b l e t s  s u p p l i e d  

b y  B u rro u g h s  W ellcom e L t d . ,  London, An i n i t i a l  d i f f i c u l t y  was 

e n c o u n te r e d  when t h e  pH o f  r e a c t i o n  m ix t u r e s  was m e a su re d .

The d r i f t  o f  r e a d i n g  w i t h  t im e  was t r a c e d  t o  a  s lo w  p o i s o n i n g  

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

a t  l e a s t  24  h o u r s  t o  r e v e r s e  b y  s o a k in g  i n  a c i d  s o l u t i o n .  

M ix tu re s  v /ere p r e p a r e d  f o r  pH m easu rem en t w here  s u l p h a t e  

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

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

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

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

by Gold ( 2 8 ) .  The m odern d e f i n i t i o n  i s  b a s e d  on t h e  e . m . f .  

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

i n s t a n c e  and  t h e  s o l u t i o n  u n d e r  t e s t  i n  t h e  o t h e r .  I t  can  

be  c o n c lu d e d  t h a t ,  p r o v i d e d  t h e  r e s i d u a l  l i q u i d  j u n c t i o n  

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

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

a c t i v i t i e s  o f  t h e  tw o s o l u t i o n s .  S in c e  t h e  s t a n d a r d i s a t i o n  

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

d i l u t e  s o l u t i o n  i t  i s  a c c 'u r a te  t o  s a y ,

pH =  -  l o g  [ hH

Where i s  t h e  mean i o n i c  a c t i v i t y  c o e f f i c i e n t  f o r  a

t y p i c a l  1 :1 e l e c t r o l y t e .
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A l i m i t a t i o n  on t h e  s i g n i f i c a n c e  o f  pH a r i s e s  from  t h e  

r e s i d u a l  l i q u i d  j u n c t i o n  p o t e n t i a l .  T h is  w i l l  be  more i m p o r t a n t  

t h e  more d i s s i m i l a r  t h e  s t a n d a r d  and t e s t  s o l u t i o n s  a r e  b u t ,  

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

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

i s  s m a l l .  A t h i g h  i o n i c  s t r e n g t h s  t h e  e r r o r  f ro m  i g n o r i n g  

th e  r e s i d u a l  l i q u i d  j u n c t i o n  p o t e n t i a l  i s  e x p e c te d  t o  be  

c o m p arab le  w i t h  t h e  u n c e r t a i n t y  o f  t h e  v a lu e  o f  t h e  mean, 

i o n i c  a c t i v i t y  c o e f f i c i e n t  f o r  t h e  1:1 e l e c t r o l y t e .
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The E f f e c t  o f  EBTA^ on t h e , R a t e  .o f R e a c t i o n .

T r a n s i t i o n  m e ta l  i o n s  h av e  o f t e n  b e e n  i d e n t i f i e d  a s

c a t a l y s t s  i n  r e d o x  r e a c t i o n s ,  7 /h e tb e r  by  d e l i b e r a t e  a d d i t i o n

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

u s e d .  The p ro b le m  o f  unlmown q u a n t i t i e s  b e i n g  p r e s e n t  a s

c o n ta m in a n ts  h a s  o f t e n  b e e n  overcome b y  t h e  a d d i t i o n  o f  s m a l l
h -am ounts o f  EDTA , r e s u l t i n g  i n  a  l o w e r in g  o f  t h e  r a t e  o f  

r e a c t i o n .  The m e ta l  i o n  i s  e f f e c t i v e l y  rem oved  a s  a  com plex  

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

o n ly  a f t e r  t h i s  p r e c a u t i o n  h a s  b e e n  t a k e n .

S p i r o  and  B a r r e i r a  (2 0 )  h o w e v e r , have  o b s e rv e d  an
kr-a c c e l e r a t i o n  u p on  a d d in g  s m a l l  am ounts o f  EDTA^ . T hese  

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

A number o f  e x p e r im e n t s  w e re  c a r r i e d  o u t  i n  w h ic h  t h e  

c o n c e n t r a t i o n  o f  EDTA^~ was v a r i e d  o v e r  a  t e n f o l d  r a n g e .  The 

i o n  was ad d ed  a s  t h e  d iso d iu m  s a l t .  The r u n s  w ere  c a r r i e d  

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

swamp any  s p e c i f i c  e f f e c t s  o f  t h e  a d d i t i v e .

The o p t i c a l  d e n s i t y - t i m e  d a t a  i s  shown i n  t a b l e  8 .  The 

r e s u l t s  a r e  p l o t t e d  i n  g r a p h  3 .
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'2  3
[P e (C N )g ^ -]

pH

T e m p e ra tu re

T able 8 .

The a d d i t i o n  o f  EDTA4 -

0.0100 M. [uad

0 .0 0 1 0 0  M. [K+]

3 . 8 6  [qA.c ~]

2 5 .0  i  0 .0 2 ° C .

0.020 M. 

0 .1 0 5  M. 

0.100 M.

T a b le  sh ow ing d e n s i t y

( a b s o r b a n c e  u n i t s )  a f t e r  t h e  f i r s t  o b s e r v a t i o n  

i n  t h e  p r e s e n c e  o f  t h e  amount o f  EDTA^"" shown.

Time
(m in s ) 1 o“ % . 5 X 1 0 " & . 10“ ^ , No EDTA No EDTA

1 .8 8 ( 0 ) ( 0 ) ( 0 ) (0 ) ( 0 )

3 .7 5 0 .0 0 2 6 0 .0 0 2 8 0 .0 0 2 7 0 .0 0 6 7 0 .0 0 5 6

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

7 .5 0 0 .0 0 8 6 0 .0 0 8 5 0 .0081 0.0181 0 .0 1 6 6

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

1 1 .2 5 0 .0 1 3 8 0 .0141 0 .0 1 3 5 0 .0 2 8 5 0 .0 2 6 0

1 3 .1 3 0 .0 1 6 8 0 .0 1 6 2 0 .0161 0 .0 3 2 7 0 . 0 2 9 7

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

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

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

2 0 .6 3 0 .0 2 7 0 0 .0 2 7 8 0.0261 0 .0 4 6 9 0.0441

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

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

2 6 .2 5 0 .0341 0 .0 3 5 3 0.0331 0.0571  * 0 .0 5 3 2

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

3 0 .0 0 0 .0 3 8 7 0 .0 4 0 5 0 .0 3 8 2 0 .0621 0 .0 5 8 5

A l l  m ix t u r e s  a t  z e r o  t im e  hav e  a n  o p t i c a l  d e n s i t y  o f  a b o u t  1 , 0 .
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G raph  3* P l o t  o f  c r i t i c a l  d e n p . l t e  chanpre vs*

i n  t h e  p r e s e n c e  o f  t h e  am ount o f  EDTA 

-- shown.
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G raph 5 .  Com ments.

Com m enting on th e  r e s u l t s  p l o t t e d  i n  g ra p h  3 9 th e  

e f f e c t  o f  ad d ed  EDTA on th e  f i r s t  3% o f  r e a c t i o n  i s  

tw o fo ld .  An a p p r e c i a b le  r e d u c t io n  i n  r a t e  i s  acco m p an ied  b y  

a  much m ore c o n s i s t e n t  and  l i n e a r  p l o t  w h ic h  e n a b le s

i n i t i a l  r a t e  m ea su re m e n ts  t o  be  made . A f t e r  th e  f i r s t

a d d i t i o n  t h e r e  w as no f u r t h e r  e f f e c t by  EDTA^“* o v e r a

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

T a b le  9_.

a iO D l X io 3
d t

d [P e (C N ).^ “]

d t

M. min""** M, min""^

10“ ^ 1 .3 2 1 .2 9

5 X l o “ ^ 1 .3 9 1 .3 6

1 0 -3 1 .3 3 1 .3 0

A l l  s u b s e q u e n t  k i n e t i c s  e x p e r im e n ts  c o n ta in e d  

EDTA^"" a t  a  c o n c e n t r a t i o n  o f  5 X 10*"^ M, The l i n e a r  p l o t s  

o f  o p t i c a l  d e n s i t y  v s ,  t im e  (g ra p h  3 )  w ere  t y p i c a l  f o r  

k i n e t i c  r u n s  i n  i n i t i a l  r a t e  s t u d i e s .  I n  e a c h  c a s e  t h e  l i n e a r  

p o r t i o n  w as p re c e d e d  b y  one o f  s l i g h t l y  f a s t e r  r e a c t i o n .
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To D e te rm ine  th e  Or d e r  w i th  r e s p e c t  t o  Re a c ta n ts . ,

A num ber o f  e x p e r im e n ts  w ere  c a r r i e d  o u t i n  w h ic h  t h e  

c o n c e n t r a t i o n  o f  one r e a c t a n t  w as v a r i e d  k e e p in g  th o s e  o f  

a l l  o th e r  s p e c ie s  c o n s t a n t .  The i o n i c  s t r e n g t h  was m a in ta in e d  

by  phe  a d d i t i o n  o f  n e u t r a l  s a l t s ;  sod ium  s u lp h a te  wa£> u s e d  

t o  co m p en sa te  f o r  ciianges; i n  t h i o s u l p h a t e .  No s u c h  a l lo w a n c e  

was made i n  t h e  c a s e  o f  f e r r i c y a n i d e  io n  e x p e r im e n ts .

A c e ta te  b u f f e r s  w ere  p r e p a r e d  o v e r a  r a n g e  o f  pH, T h ese  

c o n ta in e d  a  c o n s ta n t  a c e t a t e  io n  c o n c e n t r a t i o n  w i th  v a r y in g  

am ounts o f  a c e t i c  a c i d .

The o rd e r  o f  r e a c t i o n  w i th  r e s p e c t  t o  one com ponent 

was fo u n d  b y  p l o t t i n g  g ra p h s  o f  i n i t i a l  r a t e  v s .  s u i t a b l e  

f u n c t i o n s  o f  c o n c e n t r a t i o n .  F o r  a  s im p le  c a s e ,

I n i t i a l  r a t e  = k  [a J ^

t h e n ,  f o r  a n  n  t h .  o rd e r  d e p en d e n ce  a  g ra p h  o f  i n i t i a l  r a t e  

vs., [a] ^ ,  w here  [a]  i s  t h e  c o n c e n t r a t i o n  o f  a  p a r t i c u l a r  

r e a c t a n t ,  s h o u ld  b e  l i n e a r  and  p a s s  th r o u g h  th e  o r i g i n  

( e x c e p t  i n  t h e  c a s e  o f  a  z e r o  o rd e r  r e a c t i o n  w here  i n i t i a l  

r a t e  i s .  in d e p e n d e n t  o f  [aJ ) ,
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■LaJ O rd e r w i th  r e s p e c t  t o  Fe(CN)g-3~.

T a b le  10 .

[S2 O3 ' - ] 0 .0 2 0 0  M. [iTa^]

pH = 5 .1 7  [%*]

T e m p e ra tu re  = 2 5 .O -  0 .0 2 °G . [oAe"]

[edta^ “]

=: OoOljlj. M»

= 0 .2 0 0  K.

=  0 .2 0 0  M.

=  5  X 10“ ^  M

[P e (C N )g 3 -]  X 10^
d[Fe(CN)g-^'

a t

M. M. m in”

1 .5 6 6 . 6 7

4 .6 7 6 .4 9

6 .2 2 6 .9 3

1 0 .8 9 6 . 6 9

1 2 .4 4 6 .6 2

1 4 .0 0 6 .4 9

The i n i t i a l  r a t e  i s  in d e p e n d e n t  o f  t h e  c o n c e n tr a t io n !  

o f  f e r r i c y a n i d e  i o n .  T h is  i s  c o n s i s t e n t  w i th  a  z e r o  o rd e r  

d e p e n d e n c e .
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(b )  Order* w i t h  r e s p e c t  t o

Table 11

0 ,0 2 0 0  M. 0 .0 4 2  M.

[Pe(CN)g3^'J = 0 .0 0 1 0 0  M. [ K i 0 .0 3 6  M.

T e m p e ra tu re  = 2 5 .0  i  0 .0 2 ^ C . (qA.c~] =

[edta^ “]

0 .0 3 3  M. 

5 X 10"'^

pH ajj+ X 10^  

M.

a [p e (C T )g 3 - ]

d t
M. m in” ”*

X 10^

5 .1 9 0 .6 5 0 .3 3

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

4 .7 5 1 .7 8 0.81

4 .6 2 2 .4 0 1 .0 3

4 .5 4 2 .8 8 1 .2 5

4 .41 3 .8 9 1 .6 8

4 .3 4 4 .5 7 2 .0 4

M.

G raph  2+ show s t h a t  a  p l o t  o f  i n i t i a l  r a t e  v s .  a^+  

i s  l i n e a r  and  p a s s e s  th r o u g h  th e  o r i g i n .  The o rd e r  w i th

r e s p e c t  t o  h y d ro g e n  io n  i s  one^ ik lth o u g h  r e s u l t s  a r e
T  r +1r e fe r re d  t o  a^+ r a t h e r  th a n  t o  [H J ,  s i n c e  a l l  s o l u t i o n s  a r e

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

i s  c o n s ta n t  and  t h e  c o n c lu s io n  a b o u t o rd e r  i s  v a l i d .



62 .

G raph  U<

G raph o f - i n i t i a l  r a t e  v s .

0

•H

5

•H
•P
•H

M0

0 .5  •

0.0
0.0 1 . 0 2 . 0  5 . 0  

aii*̂  X 10^ M.

4 .0
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( c )  O rder v /it h  r e s p e c t  t o 8 ^0^^ .

I n  o rd e r  t o  e x te n d  th e  ra n g e  o f  c o n c e n t r a t i o n  o f  

t h i o s u l p h a t e  o v e r w h ic h  th e  r e a c t i o n  p ro c e e d s  a t  ai 

c o n v e n ie n t ly  m easui^able r a t e ,  two b u f f e r s  a t  d i f f e r e n t  

pH v a lu e s  w ere  u s e d .  S in c e  th e  o rd e r  w i th  r e s p e c t  t o  

h y d ro g en  io n  i s  one^ th e  v a r i a t i o n  o f  pH was r e s o lv e d  b y  

d i v id i n g  th e  i n i t i a l  r a t e  by  th e  h y d ro g en  io n  a c t i v i t y .

T a b le  12 .

[Fe(G N )g^-]

T e m p e ra tu re

' ]  = 0 .0 5 3  M. 

0 .0 0 1 0 0  M.

2 5 .0  -  0 .0 2 ° C .

[Ua"^]

K ]  -

[0Ac~] =

[edta^ “] =

X 10^

M.

pH &g+ X 10^ 

M.

a [F e(C N )g 3 "J

a t
M. m in"

0.999 4 .2 2 6 .0 3 0 .6 5

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

1 .6 6 2 4 .2 2 6 .0 3 2 .0 0

2 .0 0 0 4 .2 2 6 .0 3 2 .8 8

2 .3 3 0 4 .2 2 6 .0 3 3 .6 9

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

2 .9 9 9 4 .6 5 2 .3 4 2.41

0 .0 6 7  M.

0 .0 5 6  M. 

0 .0 3 3  M.

5 X 10“ ^  M.

X 1iO^

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

H ow ever, g ra p h  5 ( d a t a  shown i n  t a b l e  1 5 ) shows t h a t  a  p l o t  

o f  ( i n i t i a l  r a t e ) / a ^ .+  v s .  g iv e s  a  s t r a i g h t  l i n e

p a s s in g  th ro u g h  th e  o r i g i n .  The o rd e r  w i t h  r e s p e c t  t o  

t h io s u lp h a t e  i s  tw o .
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Table 13.

X 10^

m in” ^

0 .9 9 8 1 .0 8

1 .7 4 0 1 .7 9

2 .7 6 2 3 .3 2

4 .0 0 0 4 .7 8

5 .4 2 9 6 .1 2

7 .0 5 4 8 .1 2

8 .9 9 4 1 0 .3 0

X 10^
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Graph 5.

G raph  o f  . i n i t i a l  r a t e / a , 4̂- V8.

1 0 . 0

8 .0
«H

H

4 .0

0.0

6 . 00.0 4 .02 .0 8 .0
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The S o lv e n t  I s o to p e  E f f e c t  on th e  R a te  o f  R e a c t io n .

I n  a  r e a c t i o n  in v o lv in g  h y d ro g en  io n s  th e  n a tu r e  o f  

p r o t o n a t io n  e q u i l i b r i a  i s  o f  i n t e r e s t .  S uch  sy s te m s  have  

b e e n  known t o  u n d e rg o  c o n s id e r a b le  m o d i f i c a t io n  i f  th e  

s o lv e n t  i s  ch an g ed  fro m  H^O t o  DpO. The s ig n  and  m a g n itu d e  

o f  t h i s  m o d i f i c a t io n  may y i e l d  v a lu a b le  in f o r m a t io n  i n  a  

m e c h a n is t ic  s tu d y .

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

o f  an  a c e t a t e / a c e t i c  a c id  b u f f e r  tw o e q u i l i b r i a  in v o lv in g  

p r o to n s  may be  o f  k i n e t i c  c o n se q u e n c e .

F i r s t ,  ]%^drogen io n  p ro d u c e d  by  t h e  b u f f e r  w i l l  depend  

on th e  d i s s o c i a t i o n  c o n s ta n t  o f  a c e t i c  a c i d .  I f  th e  s o lv e n t  

HgO i s  r e p l a c e d  by  th e  pK o f  th e  a c id  r i s e s  by  0 .5 2  ( 2 9 )

The pH o f  t h e  s o l u t i o n  i n  H^O i s  d e f in e d  a p p ro x im a te ly  b y ,

pH =  pKj, + lo g
"  [hq/.c]

and i t  i s  e x p e c te d  t h a t  a  s i m i l a r  r e l a t i o n s h i p  w i l l  h o ld  i n  

DgO, I f  th e  r a t i o  o f  s a l t  t o  a c id  c o n c e n t r a t i o n  i s  k e p t  

c o n s ta n t  t h e n ,  p r o v id e d  t h a t  t h e  a c t i v i t y  c o e f f i c i e n t s  f o r  

p r o to n s  and  d o u te ro n s  a r e  s i m i l a r ,  t h e  change o f  s o lv e n t  t o  

DgO w i l l  r e s u l t  i n  an  e f f e c t i v e  r e d u c t io n  o f  h y d ro g e n  io n  

a c t i v i t y  by  a  f a c t o r  o f  3 . 3 .

S e c o n d ly , h y d ro g e n  may b e  in v o lv e d  i n  th e  r e a c t i o n  

a s  th e  io n  p a i r  HSgO^"". The d i s s o c i a t i o n  c o n s ta n t  f o r  th e  

c o r r e s p o n d in g  d e u te r o  a c id  h a s  n o t  b e e n  r e p o r t e d  b u t  

co m p arab le  d a t a  i s  a v a i l a b l e  b e tw ee n  DSO|^ and  HSO^ ( 3 0 ) ,

I t  h a s  b e e n  shovm t h a t  th e  h y d ro g e n  s u lp h a te  io n  i s  

s t r u c t u r a l l y  a n a lo g o u s  t o  and any  d i f f e r e n c e s  i n  th e

s t a b i l i t i e s  o f  and HSO^^" w i l l  a p p ly  t o  DSgCy" and

H8gO^~.
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T hese  d a t a  show t lm t  DSO^"" i s  th e  w eaker a c id  by  

0 .3 5  u n i t s  o f  pK, a  f a c t o r  o f  2 . 2 , C o n se q u e n tlj^ , i f  t h e  

r e a c t i o n  i s  o f  f i r s t  o rd e r  w i th  r e s p e c t  t o  jb B ^ O ^ J ,  and 

th e  a c t i v i t y  c o e f f i c i e n t  f o r  t h i s  s p e c i e s  i s  t h e  same i n  

b o th  s o l v e n t s ,  th e n  g o in g  fro m  H^O t o  D^O w i l l  r e s u l t  i n  a

2 .2  f o l d  i n c r e a s e  i n  r a t e .

A c c o rd in g  t o  one form  o f  th e  Debye H uckel t h e o r y ,  

a c t i v i t y  c o e f f i c i e n t s  i n  d i l u t e  s o l u t i o n  may b e  fo u n d  from .

-  l o g  f  =  —
i  4. B a / F

w here  A i n v o lv e s ,  a t  c o n s ta n t  t e m p e r a tu r e ,  u n i v e r s a l  

c o n s t a n t s  and  and B s i m i l a r l y  in v o lv e s  w h e re

6  i s  t h e  d i e l e c t r i c  c o n s ta n t  o f  t h e  medium. S in c e  B a^^i 

[gO o r DgCi n  o r D_0  a t  25^0 and  / F w i l l  be  s m a l l ,  th e  m ain  change

i n  f  w i l l  come fro m  A, t h a t  i s ,  by  a  f a c t o r  o f  From

t h e  d a t a  o f  L e w is , O lson  and  M aroney (3 1 )  th e  d i e l e c t r i c  

c o n s ta n t  o f  D^O i s  o n ly  some l e s s  th a n  t h a t  f o r  H^O and 

t h e  d i f f e r e n c e  i s  p e rh a p s  s m a l le r  a s  s u g g e s te d  by  vVyman a n d  

I n g a l l s  (3 2 )  who fo u n d  th e  r a t i o  6 (Dg0 ) / 6 (H2 0 ) t o  b e  0 .9 9 6 3 . 

Even i f  t h e  d i f f e r e n c e  i s  I/o , t h i s  am ounts t o  a b o u t 

change i n  l o g  f  v /h ic h , i n  p r a c t i c a l  te rm s  h a s  no  s i g n i f i c a n c e ,  

Salom aai and  A a l to  (3 3 )  have  m e a su re d , , b y  a  

p o t e n t i o m e t r i c  m eth o d , t r a n s f e r  f r e e  e n e r g i e s  f o r  one m ole 

o f  a l k a l i  m e ta l  c h lo r i d e  from  l i g h t  t o  h e av y  w a te r

MCI (HgO) = MCI (DgO) Ù.G° — 210 c a l /m o le .

th e  v a lu e  b e in g  d e p e n d e n t o n ly  on th e  n a tu r e  o f  t h e  a n io n  

s in c e  i t  was u n a f f e c t e d  when d i f f e r e n t  c a t io n s  w ere  u s e d .

The e f f e c t  w as e x p la in e d  by  c o n s id e r in g  s o l v e n t - i o n
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i n t e r a c t i o n s .  I t  i s  e v id e n t  from  NMR and o th e r  s t u d i e s  ofT 

th e  e f f e c t s  o f  io n s  on w a te r  s t r u c t u r e  t h a t  c a t i o n s  and  

a n io n s ,, ev en  when o f  t h e  same fo rm a l  c h a rg e  and o f  t h e  same 

s i z e ,  i n t e r a c t  v e ry  d i f f e r e n t l y  w i th  sur-^rounding w a te r  

m o le c u le s .  I t  i s  a p p a re n t  t h a t  a  c a t i o n  w i l l  h e  su r ro u n d e d  

b y  w a te r  m o le c u le s  o r i e n t a t e d  su c h  t h a t  oxygen a tom s w i l l  

l i e  i n  c lo s e  p r o x im i ty  t o  th e  c e n t r a l  atom  -w ith h y d ro g e n s  

p o i n t i n g  aw ay. I f  we c o n s id e r  t h a t  th e  c a t i o n  i s  "bonded" 

t o  th e  s o lv e n t  th r o u g h  oxygen , l i t t l e  change i n  f r e e  e n e rg y  

i s  e x p e c te d  on g o in g  fro m  H^O t o  D^O. On th e  o th e r  h a n d , 

th e  p o s s i b l e  c o n f i g u r a t i o n s  o f  w a te r  m o le c u le s  a ro u n d  a n io n s  

a r e  d e p e n d e n t on th e  n a tu r e  o f  th e  a n io n ,  and  t h i s  i s  

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

e n e r g ie s  o f  t h e s e  io n s  i n  th e  tw o s o l v e n t s .  The o b se rv e d  

a c t i v i t y  c o e f f i c i e n t s  f o r  io n s  i n  H^O and i n  D^O s h o u ld  b e  

c o m p a tib le  w i th  t h e  t r a n s f e r  f r e e  e n e r g i e s .  C a tio n s  a r e  

e x p e c te d  t o  h ave  s i m i l a r  a c t i v i t y  c o e f f i c i e n t s  i n  H^O a s  

i n  DgOp b u t  a n io n s  m ust b e  c o n s id e r e d  i n d i v i d u a l l y .

A c c o rd in g  t o  S a lom aa (3 4 ) t h e  t r a n s f e r  f r e e  e n e rg y  f o r  

p o ta s s iu m  c h l o r i d e ,  =  +219  c a l /m o le  a t  25^0 c o r re s p o n d s  

t o  a b o u t i n c r e a s e  i n  th e  m o la r a c t i v i t y  c o e f f i c i e n t  o f  

t h e  s a l t .  F o r  d i v a l e n t  io n s  s u i t a b l e  d a ta  a r e  a v a i l a b l e  {35)  

i n  th e  c a se  o f  s u l p h i t e  and  o f  c a r b o n a te  io n s  o n ly ,  b u t  

i t  i s  c l e a r  t h a t  th e  v a lu e s  c a n n o t b e  com pared ,

 2---------------- = 1 , 14,7 ; — — 2------- é -  = 2 . 5 9

H ov/ever, th e  r e s u l t s  w ere  c o n s id e r e d  a s  r e a s o n a b le  i n  v iew  

o f  th e  c o m p a ta b i l i ty  o f  t r a n s f e r  f r e e  e n e r g i e s  w i t h  th o s e  

fo u n d  f o r  th e  c o r r e s p o n d in g  a n h y d r id e s .
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The o v e r a l l  p i c t u r e  r e g a r d in g  a c t i v i t y  c o e f f i c i e n t s

i n  DgO i s  one o f  u n c e r t a i n t y ,  a l th o u g h  i t  i s  c l e a r  t h a t  th e

Debye H uckel t r e a tm e n t  w i l l  f a i l  ow ing t o  i t s  i n a b i l i t y  t o

ta k e  i n t o  a c c o u n t th e  s p e c i f i c  e f f e c t s  w h ic h  a r e  p r e d i c t e d .

I t  i s  t r u e ,  t h a t  i f  s u c h  c h an g e s  o c c u r re d  f o r  t h i o s u l p h a t e

th e y  w ould  be  in c o r p o r a te d  i n  t h e  s t a b i l i t y  c o n s ta n t  o f

DS2 O3 9 h u t  s in c e  th e  r a t e  o f  r e a c t i o n  a p p a r e n t ly  d ep en d s
2“a l s o  on th e  c o n c e n t r a t i o n  o f  a  se co n d  and p e rh a p s

m ore p ro fo u n d  e f f e c t  may b e  o b s e rv e d .

I f ,

E a te jj  = k  [HSg^O^-J =  k '  [h+] [SgO^^-J 2

t h e  r a t e  i n  D^O may b e  w r i t t e n  a s

S a te j j  = 2 .2  k '  J g H
3 .3

a ssu m in g  no  change  i n  t h e  a c t i v i t y  c o e f f i c i e n t s  o f  th e  

v a r io u s  io n s  and  w here  [h*̂ ] i s  t h e  h y d ro g e n  io n  c o n c e n t r a t i o n  

i n  a  r e a c t i o n  m ix tu re  o f  i d e n t i c a l  c o m p o s itio n ; i n  w a te r ,

R a te „
H ence , 1*5

Eat<3jj

S o l u t i o n s  i n  H^O and  i n  D^O w ere  p r e p a r e d  i n  e x a c t l y  

th e  same v/ay,

2 m l. 0 ,5  M, aq u eo u s sod ium  t h i o s u l p h a t e  s o l u t i o n  

w ere  p i p e t t e d  i n t o  a  50  m l. s t a n d a r d  f l a s k  and  made up  t o  

th e  m ark w i th  H^O o r  D^O. I n  a n o th e r  s t a n d a r d  f l a s k  2 m l,

0 ,1  M. p o ta s s iu m  f e r r i c y a n i d e  and  1 m l, b u f f e r  c o n ta in in g

1 ,0  M, p o ta s s iu m  a c e t a t e ,  0 ,0 2 5  M. Ha^EDTA and  a c e t i c  a c i d ,  

w ere  made up  t o  th e  m ark w i th  s o l v e n t .  E q u a l vo lum es o f
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t h e  t\io  s o l u t i o n s  w ere  u s e d  t o  p r e p a r e  r e a c t i o n  m ix tu r e s .

I n  th e  c a s e  o f  w a ta r  t h e  r e a c t a n t s  w ere  p r e p a r e d  

tw ic e  fro m  th e  s to c k  s o l u t i o n s  i n  o rd e r  t o  ch eck  th e  

r e p r o d u c i b i l i t y  o f  t h e  m ethod . F o r  D^O o n ly  one p a i r  o f  

r e a c t a n t s  was p r e p a r e d  b u t  t h e s e  w ere  u s e d  f o r  two r u n s .  

The e x p e r im e n ta l  r e s u l t s  a r e  l i s t e d  i n  t a b l e  1 4 .
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T able 1 4 .

S o lv e n t  I s o to p e  E f f e c t .

[8203" - ] = 0 . 0100 M, [H a d 0 .021  M.

[PeCCK)^^-] = 0 , 00100 M. [k ' 1 = 0  « 023 M.

pH ( i n  HgO) = 4 -0 3 [0A.0- ] 0 .0 2 0  M.

T e m p e ra tu re = 251,0 -  C .02°C . [edta^"] 5 X 1 0 "^  M

T a b le  show ing  c h an g es
erar —j ,.i ■ ir̂TT-q-'• r " k'-xi,. .1

i n  o p t ic a :I d e n s i t y

( a b s o rb a n c e  u n i t s )  a f t e r  th e  f i r s t  o b s e r v a t io n

w i t h  H„,01 and  D„0 a s  s o l v e n t .
—w—...  ̂ a ^

Time HgO, HgO 9 5 % DgO 95% DgO

(m in s) I I I I I I

1 .8 8 (0 ) (0 )

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

5 .6 3 0 .0 0 2 6 0 .0 0 3 5

7 .5 0 0 .004 1 0 .0 0 4 9 0 .0 0 2 6 0 .0 0 1 8

9 .3 8 0 .0051 0,0061

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

1 3 .1 3 0 .0 0 7 7 0 .0 0 8 2

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

1 6 .8 8 0 .0 1 0 0 0 .0 1 1 0

1 8 .7 5 0 .0 1 1 3 0 .0 1 2 0 0 .0 0 7 2 0 .0 0 7 3

2 0 .6 3 0 . 0124 .

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

2 4 .3 8 0 .0 1 4 7

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

3 0 .0 0 0 .0121 0 . 0126

A l l  m ix tu re s a t  z e r o tim e  h ave  an o p t i c a l  d e n s i t y  o f  a b o u t 1
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G ranh  6» P l o t  o r  n -n tin rrl dftria .lty  chyincre vs»  tim e

nsln.f^ H^ O o r  D^O f o r  s o l  v e n t  a s  shown.
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Graph  6_,__C ( ^ e i i t s .

Tlie f o l lo w in g  i n i t i a l  n a t e s  "v.'sne ineasTiPed fnoni o p t i c a l  

d e n s i ty / t im e  g r a p h s .

S o lv e n t

Tabl e  15. 

^-1c l[F e(C T )g--]

d t
X 107

K. min"
HgO 6.22

6.27
957» DgO 4.72
95̂  DgO 4.29

Mean I n i t i a l  
R a te  X 10^

«■I
M. m in”  

6.25

4 .51

I t  i s  c l e a r  t h a t  th e  r e s u l t s  f o r  w a te r  w ere  

r e p r o d u c ib le .  a p p a r e n t  r e t a r d a t i o n  i n  D^O was o b se rv e d  

such t h a t .

R a te H
R a te ,

T his i s  c lo s e  t o  t h e  v a lu e  o f  1 ,5  d e r iv e d  b y  a  r a t h e r

s u p e r f i c i a l  a p p ro a c h . I t  i s  a rg u e d  t h a t  s in c e  d i l u t e  s o l u t io n s

were u se d  th e  a c t i v i t y  c o e f f i c i e n t s  f o r  d i v a l e n t  io n s  i n

w ater a re  e x p e c te d  t o  a p p ro a c h  0 .7  sn d  th e  in c r e a s e  w h ic h

may occu r i n  g o in g  t o  D^O i s  l i m i t e d  b y  u n i t y .  I t  i s  e x p e c te d

th a t  th e  r a t i o  ( f ^  ^  2 - ) _  p / ( f «  ^ 2 - ) *  p #111 n e v e r  a p p ro a c h
^ 2  3 ^ 2 ^  *̂ 2 3 2T

the  l i m i t i n g  v a lu e  o f  1 . 4  and  c o n s e q u e n tly  th e  e f f e c t s  w h ich

s re  o f k i n e t i c  im p o r ta n c e  i n  t h e  r e a c t i o n  a r e  t h e  

m o d if ic a t io n  o f  th e  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 e t i c  a c id  

and f o r  HS^O^” .

The h e av y  w a te r  e x p e r im e n ts  w ere  c a r r i e d  o u t i n  95^

^2^" I t  i s  g e n e r a l l y  a c c e p te d  t h a t  th e  s p e c i f i c  e f f e c t s  o f
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D^O a re  n o t  l i n e a r l y  d e p e n d e n t on th e  p r o p o r t io n  p r e s e n t  

in  m ix tu re s  w i t h  H^O. I n  f a c t  th e  e f f e c t  obeys a  q u a d r a t i c  

law , b u t  o v e r  a  5 ^  a d d i t i o n  o f  w a te r  i t  i s  th o u g h t  l i k e l y  

t h a t  r e l a t i v e  c h a n g e s  (w h ich  w i l l  o c c u r i n  th e  same 

d i r e c t i o n )  f o r  t h e  tw o e q u i l i b r i a  w i l l  be  s i m i l a r .  The d a ta  

a re  a v a i l a b l e  o n ly  i n  t h e  c a s e  o f  a c e t i c  a c i d .
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The - J S K i S t - a t .  M a e A A ^ ta _ a a J i . : f e â .  K # te _ o f

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

m ix tu re  can  h e  b r o a d ly  d iv id e d  i n t o  tw o ty p e s ;  t h o s e  a r i s i n g  

from  i o n i c  s t r e n g t h  c h a n g e s  and  th o s e  due t o  th e  s p e c i f i c  

e f f e c t s  o f  a n io n  o r  c a t i o n .  G e n e r a l ly  sp e ak in g , b o th  w i l l  be  

p re s e n t  i n  any  sy s te m .

The I n f lu e n c e  o f  I o n i c  S t r e n g t h  on R e a c t io n  R a te ,

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

or th e  a c t i v a t e d  com plex  w ou ld  n o t  b e  a f f e c t e d  by  t h e  

p re se n c e  o f  s o l u t e  m o le c u le s  o r  i o n s .  R e a l  s o l u t i o n s  

c o n ta in in g  io n s  d e v i a t e  fro m  i d e a l i t y  ev en  a t  q u i t e  low  

c o n c e n tr a t io n .

P r e l im in a r y  i n v e s t i g a t i o n s  h ave  l e d  u s  t o  b e l i e v e  t h a t  

th e  f e r r i c y a n i d e - t h i o s u l p h a t e  r e a c t i o n  in v o lv e s  tw o 

m o lecu les o f  t h i o s u l p h a t e  and  one p r o to n  i n  th e  s lo w e s t  

s te p  o f th e  m echan ism . T h a t iSj,

2 y r t  ( a c t i v a t e d  complex)^"* ------ > P ro d u c ts

A c c o rd in g  t o  t h e  B r / n s t e d  f o r m u la t io n ,  t h e  r a t e  c o n s ta n t  

fo r  a r e a l  sy s te m  i s  g iv e n  by

k  =
com plex

where i s  th e  r a t e  c o n s t a n t  when th e  a c t i v i t y  c o e f f i c i e n t  

fu n c tio n  i s  u n i t y .

I f  th e  a c t i v i t y  c o e f f i c i e n t  o f  an  i o n  i n  w a te r  a t  

25^0 i s  r e p r e s e n te d  b y  th e  e q u a t io n

-  l o g  f  = 0 .5 0 5  F ( I )
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w here z i s  t h e  c h a rg e  on th e  io n  and  F ( I )  i s  some f u n c t io n :  

o f i o n i c  s t r e n g t h ,  th e n  e q u a t io n  ( i )  b eco m es,

lo g  k  = lo g  -  0 .5 0 3  (2  X 1+ + 1 -  9 )  F ( I )

h e n ce  k  = k o

I n  o th e r  w o rd s , i f  t h e  r a t e  law  i s  obeyed  w i th o u t  any  

o th e r  s p e c i e s  p a r t i c i p a t i n g  i n  t h e  r a t e  d e te r m in in g  s t e p ,  th e n  

io n ic  s t r e n g t h  w i l l  h av e  n o  e f f e c t  on th e  r a t e  o f  r e a c t i o n .

S p e c i f i c  E f f e c t s .

A p p a re n t  a n o m a lie s  t o  t h e  B r /n s t e d  th e o r y  o f  s a l t  

e f f e c t s  a r c  n u m ero u s , A p o s s i b l e  e x p la n a t io n  w h ic h  h a s  o f t e n  

been  s u g g e s te d  i s  t h a t  th e y  a r e  due t o  a s s o c i a t i o n  b e tw e e n  

o p p o s i te ly  c h a rg e d  io n s  t o  fo rm  io n  p a i r s  o r  c o m p le x e s .

These c o u ld  m o d ify  t h e  r e a c t i o n ,  i n  tw o w ay s . I n  t h e  f i r s t  

p la c e  th e y  w ou ld  h av e  t o  be  ta k e n  i n t o  a c c o u n t when 

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

th e  i o n i c  s t r e n g t h  o f  t h e  m edium . S e c o n d ly , one o r  more o f  

such  io n  p a i r s  may b e  in v o lv e d  i n  t h e  r a t e  d e te rm in in g  s t e p ,  

th u s  a l t e r i n g  t h e  c h a rg e  o f  t h e  a c t i v a t e d  com plex  and  h e n c e  

th e  i o n i c  ty p e  o f  t h e  r e a c t i o n ,  and  a l s o  p o s s i b l y  m o d ify in g  

th e  r e a c t i v i t y  o f  th e  sy s te m  i n  a  m ore p ro fo u n d  way a s  w e l l .

I n  g e n e r a l ,  a s s o c i a t i o n  b e tw ee n  u n i v a l e n t  io n s  w i l l  

e f f e c t i v e l y  b e  a b s e n t  i n  d i l u t e  s o l u t i o n ;  b e tw e e n  u n i v a l e n t  

and b i v a l e n t  io n s  i t  w i l l  u s u a l l y  b e  a p p r e c ia b le  e x c e p t  

a t  th e  h i g h e s t  d i l u t i o n s ;  and  b e tw e e n  i o n s  o f  h ig h e r  c h a rg e  i t  

w i l l  be  u n i v e r s a l  and  n e a r l y  a lw ay s  e x t e n s i v e .  S in c e  tw o 

n e g a t iv e ly  c h a rg e d  m u l t i  v a l e n t  i o n s  a r e  in v o lv e d ,  i o n  p a i r s  

w ith  c a t i o n s  m ust b e  t a k e n  i n t o  c o n s i d e r a t i o n .

E x p e r im e n ts  w ere  c a r r i e d  o u t i n  w h ic h  r e a c t i o n  m ix tu r e s  

c o n ta in e d  o n ly  one c a t i o n ,  e i t h e r  sod ium  o r p o ta s s iu m  i o n .
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The i o n i c  s t r e n g t h  was v a r i e d  b e tw e e n  0 .0 6 3  an d  0 ,3 8 8  by  

th e  a d d i t i o n  o f  p o ta s s iu m  n i t r a t e  and  up  t o  0 ,5 4 8  w i th  

sodium  n i t r a t e .  The s a l t  w as ad d ed  w i th  t h e  b u f f e r  w h ic h  was 

p re p a re d  t o  a p p ro x im a te ly  t h e  same pH f o r  e a c h  r u n .  S o l u t i o n s  

c o n ta in e d  a  c o n s t a n t  a c e t a t e  c o n c e n t r a t i o n  w i th  v a r i a b l e  

am ounts o f  a c e t i c  a c i d .  A l l  o th e r  p a ra m e te r s  w ere  h e ld  

c o n s t a n t .  The r e s u l t s  a r e  sum m arised  i n  t a b l e s  16 and  1 7 .

^ b l e   ̂16

The a d d i t i o n  o f  N a*.

[ S g P ^ " ]  = 0 .0 1 0 0  M. [r*"] = 0 .0 0 3  M,

[j?e(CN)g^''] = 0 .0 0 1 0 0  M. [oAc“ ] = 0 .0 3 3  M.

T em p era tu re  = 2 5 . 0 ^ 0 , 0 2 ^ 0 .  [EDTiC“]  = 5 X 1 0 “ ^ M .

[flaN O j I# pH
a[Pe(C II)g^"]

a t
M. M. M, min~

— 0 . 0 5 4 0.071 4 . 1 5 6 , 3 0

0 .0 8 0 0 . 1 3 4 0.151 4 . 1 6 6 .0 3

0 .1 6 0 0 . 2 1 4 0 .231 4 . 1 4 5 .8 0

0 .2 4 0 0 . 2 9 4 0.311 4 . 1 0 5 .9 9

0 .3 2 0 0 . 3 7 4 0.391 4 .01 7 . 5 2

0 .4 0 0 0 . 4 5 4 0.471 4 . 0 6 6 . 4 5

0 ,4 8 0 0 . 5 3 4 0.551 3 . 9 8 7 . 3 0

 ̂ C a lc u la te d  fro m  i n i t i a l  r e a c t a n t  c o n c e n t r a t i o n s .
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T a b le  1 7 . 

The A d d i t io n  o f

= 0 ,0 0 9 9 6  M. 0 .001  M.

[Pe(C N )g^'• J  = 0 .0 0 1 0 0  M. [OAc"] = 0 .0 3 3  M.

T em p era tu re  = 2 5 .0  ± 0 ,0 2 ° C . [ïHTA^“ ] 5 X 1 0 "4

[Ktro^l I* pH a[Pe(C N )g^* ' ]  7
— X 10

d t

M. M. M, min".1

- 0 .0 5 6 0 .0 7 0 4 .11 8 .1 0

0 .0 5 4 0 .1 1 0 0 .1 2 3 4 , 1 4 7 .7 6

0 .107 0 .1 6 3 0 .1 7 7 4 .1 5 8 .6 5

0 . 1 6 c 0 ,2 1 6 0 .2 3 0 4 .1 2 8 .6 3

0 .2 6 7 0 .3 2 3 0 ,3 3 7 4 .0 9 9 .4 4

0 .320 0 .3 7 6 0 ,3 9 0 4 .0 9 1 0 .0 0

M,

* C a lc u la te d  fro m  i n i t i a l  r e a c t a n t  c o n c e n t r a t i o n s .

R a tu re  o f  Io n s  and  Io n  P a i r s  P r e s e n t .

E x te n s iv e  l i s t i n g s  o f  t h e  s t a b i l i t y  c o n s t a n t s  o f  

com plexes fo rm ed  b e tw e e n  h y d ro g e n  o r  m e ta l  io n s  and  a  v a r i e t y  

o f o rg a n ic  and  i n o r g a n i c  l i g a n d s  a r e  a v a i l a b l e  ( 3 6 ) .

The io n  c a p a b le  o f  b e in g  t h e  m ost h ig h ly  c h a rg e d  i n  

th e  r e a c t i o n  m ix tu r e  i s  EDTA^”*. T h e re  i s  g e n e r a l  a g re em e n t 

re g a rd in g  pK v a lu e s  f o r  t h e  se co n d  and  t h i r d  d i s s o c i a t i o n  

c o n s ta n ts  o f  H^^EDTA, w h ic h  a r e  r e p o r t e d  t o  be  2 .6 7  eud 6 .1 6  

a t 25®c r e s p e c t i v e l y .  C o n s e q u e n tly ,  a t  pH 4  t h e  m a j o r i t y  w i l l  

be p r e s e n t  a s  t h e  d i v a l e n t  io n  H^EDTA^”*. F e r r i c y a n id e  i o n ,  

on th e  o th e r  h a n d , d o e s  n o t  fo rm  s t a b l e  io n  p a i r s  w i th  

p ro to n s . In  f a c t ,  t h e  t h i r d  d i s s o c i a t i o n  c o n s ta n t  o f  H^Fe(CN)g 

i s  to o  l a r g e  t o  o b t a i n  e v id e n c e  o f  any  com plex f o r m a t io n .
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Over t h e  p e r c e n ta g e  o f  r e a c t i o n  s t u d i e d ,  th e  am ount o f  

f e r r o c y a n id e  p ro d u c e d  w i l l  b e  n e g l i g i b l e .  T h io s u lp h a te  

w i l l  e x i s t  m a in ly  a s  t h e  d i v a l e n t  s p e c i e s  w h ic h , a t

pH 4? I s  e x p e c te d  t o  b e  i n  a t  l e a s t  100 t o  1 m o la r  e x c e s s  

over HSgO^ . The a c i d s  o f  a l l  m o n o v a len t a n io n s  w i l l  b e  

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

I f  t a b l e s  o f  s t a b i l i t y  c o n s t a n t s  a r e  sc a n n e d  i t  i s  

e v id e n t  t h a t ,  u n l e s s  some s p e c i a l i s e d  I n t e r a c t i o n  o c c u r s ,  

th e  e q u i l i b r iu m  c o n s t a n t s  f o r  io n  p a i r  d i s s o c i a t i o n  a r e ,  t o  

a f i r s t  a p p ro x im a t io n ,  d e p e n d e n t on tw o f a c t o r s  o n ly : t h e  

n a tu re  o f  t h e  m e ta l  io n  and  th e  c h a rg e  ty p e  o f  th e  l i g a n d .

U s in g  r e s u l t s  r e p o r t e d  f o r  s u lp h a te  and t h i o s u l p h a t e ,  

th e  s t a b i l i t y  c o n s t a n t s  f o r  NaL~ and  KL" (L i s  t h e  l ig a n d )  

a re  0 ,21  and  0 ,11  M, a t  25^0 r e s p e c t i v e l y .  I n  v iew  o f  t h e  

la c k  o f  s u i t a b l e  d a t a  r e g a r d i n g  o th e r  d i v a l e n t  l i g a n d s ,  i t  

has t o  b e  assum ed  t h a t  t h e s e  v a lu e s  w i l l  be  g e n e r a l l y  

a p p l ic a b le  j S in c e  t h e  num ber o f  t r i v a l e n t  a n io n s  i s  

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

r e g a rd in g  t h e i r  io n  p a i r s .  The s t a b i l i t y  c o n s ta n t  f o r  

ICPe(CN)^^~ i s  r e p o r t e d  a s  0*08 M, a t  2 5 ^ 0 .

C a lc u la t io n  o f  Io n  P a i r  C o n c e n t r a t io n s ,

The r e s u l t s  o f  m easu rem en ts  c a i* r ie d  o u t  i n  D^O a r e  

c o n s i s te n t  w i t h  t h e  r a t e  b e in g  d e p e n d e n t on [ h320^ J .  The 

c o n c e n tr a t io n  o f  t h e  l a t t e r  d ep en d s on th e  f r e e  t  M o  s u lp h a te  

p r e s e n t ,  w M cIi, i n  v iew  o f  p o s s i b l e  io n  p a i r  f o r m a t io n ,  w i l l  

be l e s s  th e n  t h a t  p u t  i n .

The d i v a l e n t  a n io n  c o n c e n t r a t i o n  i s  c o m p rise d  o f  

th io s u lp h a te  an d  HgEDTA^^. P e r r i c y a n id e  am ounts t o  some 

10^ o f  t h i s  and  i t s  s t a b i l i t y  c o n s ta n t  w i th  p o ta s s iu m  io n  

i s  not, re m o te  fro m  t h a t  e x p e c te d  f o r  KL • H ence , t o  a  good
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a p p ro x im a tio n .[P e (C N )^ ^  ]may b e  in c lu d e d  a s  a  c o n t r i b u t o r  

t o  th e  t o t a l  [l ^  ] ,  f o r  t h e  c a l c u l a t i o n  o f  io n  p a i r  

c o n c e n t r a t i o n s ,

The s t a b i l i t y  c o n s t a n t s  a b o v e , h ave  b e e n  q u o te d  a s  

th o s e  c o r r e c t e d  t o  z e r o  i o n i c  s t r e n g t h .  Prom th e s e  v a lu e s  

o f Ko, th e  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  s o l u t i o n  o f  

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

K = Ko X 10 ^* °^  

w here  P ( l ) -  0 ,2  I

L e t t h e  i n i t i a l  c o n c e n t r a t i o n  o f  m e ta l  io n  (M^) b e  

’’a” , and  t h a t  o f  L " , " b " , I f ,  a t  e q u i l i b r iu m  t h e  c o n c e n t r a t i o n  

o f io n  p a i r  fo rm ed  i s  ’’x " .

ML" + L ^"

X ( a - x )  ( b -x )

K

o
hence x  -  (a+bnK ) x  + ab =  0

T his q u a d r a t i c  may be  s o lv e d  f o r  x ,

X —
2A

(The p o s i t i v e  r o o t  g iv e s  an  an sw er w h ic h  i s  i n a d m is s ib l e )

where A = 1 ,  B = -  (a+b+K) an d  G = a b .

I t  i s  now a  s im p le  m a t te r  t o  d e te rm in e  e q u i l i b r iu m  

c o n c e n tr a t io n s  o f  m e ta l  io n  and  o f  l i g a n d .  T hese  a re  g iv e n  

the  s u b s c r i p t  ”T” t o  d e n o te  " t r u e "  v a lu e s .  [^ 2 ^3 ^  ^T 

be c a l c u l a t e d  b y  p r o p o r t i o n  fro m  [L ^ " ]^ .
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T a b le  18 show s t h e  r e s u l t s  o f  su c h  a  c a l c u l a t i o n  

u s in g  th e  e x p e r im e n ta l  d a t a  l i s t e d  i n  t a b l e s  16 and  1 7 , I t  

i s  a p p a r e n t  t l i a t  im p ro v ed  v a lu e s  f o r  th e  i o n i c  s t r e n g t h  

a r e  w i t h in  i n  t h e  w o rs t  c a s e ,  o f  th e  i o n i c  s t r e n g t h  I  

o b ta in e d  fro m  r e a c t a n t  c o n c e n t r a t i o n s .  T h is  i s  c o n s id e r e d  

s u f f i c i e n t l y  c lo s e  i n  v iew  o f  t h e  a s s u m p tio n s  made n o t  t o  

w a r ra n t  a  se c o n d  a p p ro x im a t io n .

H ydrogen  io n  c o n c e n t r a t i o n s  w e re  c a l c u l a t e d  fro m

=  l o g " ’’ (0 .5 0 5  F ( I )  -  pH)

and th e  t h i r d  o r d e r  r a t e  c o n s t a n t  w h ic h  i s  e x p e c te d  

to  be  in d e p e n d e n t  o f  t h e  i o n i c  s t r e n g t h  o f  th e  medium i s  

g iv e n  by

_ J E n i t i a l  r a t e

^  [ hU
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Graph 7 .

G raph  o f  v s .  [M^]

3 .0  •

2 .8

2 .6  '

•H

2 .2

2.0

Na

0.8

0.1 0 .60.0 0 .7

[M*] M,
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I t  i s  c l e a r  t h a t  th e  r a t e  o f  r e a c t i o n  i s  d e p e n d e n t 

b o th  on th e  n a tu r e  and on t h e  am ount o f  c a t i o n  p r e s e n t .  

How ever, i f  g ra p h s  o f  v s .  [M"^]are 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 ,  an  u n c a t a ly s e d  r a t e  is ,  p r e d i c t e d  i n  b o th  

c a s e s ,  w i t h  k ^  = 82 and  87 min"*^ f o r  sod ium  and p o ta s s iu m

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

s u f f i c i e n t l y  c lo s e  t o  b e  r e g a r d e d  a s  t h e  sam e. T h e re fo r e  

a mean v a lu e  may b e  t a k e n .  I f ,

R a te ^  =  85  [ h+] m. m in "’’

th e n ,  s i n c e  r a t e ^  i s  e x p e c te d  t o  be  in d e p e n d e n t  o f  i o n i c  

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

un d er any  c o n d i t i o n s  may be c a l c u l a t e d .

R a te ^  = -  R a te ^

where f& tG obs e x p e r im e n ta l  i n i t i a l  r a t e  u n d e r  t h e

s p e c i f i e d  c o n d i t i o n s .

The f o l lo w in g  r a t e  law  was fo u n d  t o  f i t  th e  r e s u l t s :

R ate^, = 1 0 " ^ '° ^  ( 3 . 2 [ N a ^ j  + 2 3 . 4 [k+ ] j )

[H +]) M. min"^

The o v e r a l l  r a t e  w i l l  be  th e  sum o f  r a t e ^  and  r a t e ^  

and t h e r e f o r e  i t  may b e  p r e d i c t e d  from  th e  c o m p le te  r a t e  

e x p re s s io n .  The v a lu e s  a r e  com pared  w i th  o b s e rv e d  i n i t i a l  

f a t e s  i n  t a b l e  1 9 .
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M+

Na*’*

R a te 0
P r e d i c t e d

R a te ^
P r e d i c t e d

BatGobB
RatSoT,

6 .2 3 0 .3 6 6 .5 9 6 .3 0

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

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

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

5 .8 7 1 .3 8 7 .2 5 7 .5 2

4 .7 5 1 .3 6 6 .11 6 .4 5

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

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

4 .5 4 3 .5 3 8 .0 7 7 .7 6

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

3 .7 7 4 .9 3 8 .7 0 8 .6 3

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

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

7 w i
A l l  r a t e s  a r e  X 1 0 ' M. m in  .

T h ere  i s  g e n e r a l  a g re em e n t b e tw e e n  o b se rv e d  and  

p r e d i c te d  r a t e s .  The f i r s t  o r d e r  d e p en d e n ce  w i t h  r e s p e c t  t o  

t h io s u lp h a t e  i s  c o n s i s t e n t  w i th  t h e  f i n d i n g s  o f  S p i r o  an d  

B a r re ira i  (2 0 )  who m ea su re d  t h e  p r o g r e s s  o f  t h e  f e r r i c y a n i d e -  

th io s u lp h a te  r e a c t i o n  i n  2 M. s a l t  s o l u t i o n .
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The Ef f e c t  of  Temper a t u r e  on th e  R a te  o f  Rea c t i on .

The r a t e  o f  r e a c t i o n  w as m ea su re d  a t  a  v a r i e t y  o f  

te m p e r a tu r e s  u n d e r  tw o s e t s  o f  c o n d i t i o n s .  I n  one c a s e  

d i l u t e b u f f e r e d  s o l u t i o n s  o f  sod ium  s a l t s  w ere  u s e d  w i th  

no a d d i t i o n s ,  i n  o r d e r  t o  s i m u la t e ,  a s  c l o s e l y  a s  p o s s i b l e ,  

th e  r e a c t i o n  In d e p e n d e n t o f  c a t i o n .  I n  th e  o th e r  c a s e  

p o ta s s iu m  io n  w as ad d ed  so  t h a t  a  p re d o m in a n t ly  c a t a l y s e d  

r e a c t i o n  may b e  o b s e rv e d .

The e n e rg y  o f  a c t i v a t i o n  f o r  t h e  r e a c t i o n  was 

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

k  =

a  p l o t  o f  lo g ^ i jQ In i t ia l  r a t e  v s .  1 / T ^  g iv in g  a  s lo p e  o f  

î / 2 ,3 0 3  S ,  when i n i t i a l  r a t e s  r e f e r  t o  e x p e r im e n ts  c a r r i e d  

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

T a b le  2 0 ,

0 .0 5 2  M. [® 2 °3 ^ T  = 0 .0 1 0  M. pH 4 .1 5

T°C 1 o 3 /T °E -
a [P e (C N )g 3 -]
— *--------- ------ X  1 0 '

a t

M. m in

7

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

2 0 .0 3 .4 1 3 4 .0 1 0 .6 0 3

2 5 .0 3 .3 5 6 6 .6 2 0 .821

3 0 .0 3 .3 0 0 1 0 .5 9 1 .0 2 5

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

S ee  g ra p h  8 .
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T ab le  21 .

[ k ]̂ fer 0 ,3 5 6  M. = 0 .0 0 5  M. pH 3 .9 1

10^/T^K d [P e(C N )^ ^ ] 7 +T^G
X 1 0 ' lo g ^ n  I n i t .  R a te

d t  

M.

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

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

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

3 5 .2  3 ,2 4 5  8 .8 9  0 .9 4 9

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

See g ra p h  9 ,



8 8 .

Graph 8 .

A r r h e n iu s  p l o t  f o r  r e a c t i o n  w here

tNa'^T = 0 .0 5 2  M.

1 . 2

1 . 1

A c t i v a t i o n  e n e rp y  =

1 6 .8  K c a l/m o le
1 . 0

0 . 9

0 .8
•H

•H
0 . 7

0 .6

0 . 5

0 . 4

3 . 4 0 3 . 5 03 . 3 0

10^/T°K.
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G raph  9 .

A r r h e n iu s  p l o t  f o r  r e a c t i o n  w h ere  

[E + ]  = 0 .3 S 5  M.

A c t i v a t i o n  energy  =

1 7 .9  K c a l/m o le

0 .9

• p

0 .8

•H
0 .7

0 .6

0 .5

0 .3
3 .4 03 .3 03 .2 0

1 0 ^ /T °K .
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The E f f e c t  o f  A dded R eac t i o n  P r o d u c ts  on th e  R a te  o f  Rea c t i o n .

I t  h a s  b e e n  r e p o r t e d  ( 1 2 ,1 3 ,2 0 )  t h a t  t h e  a d d i t io n ,  o f  

t e t r a t h i o n a t e  h a s  a  c a t a l y t i c  e f f e c t  on f e r r 1 c y a n id e -  

t h io s u lp h a t e  m ix tu r e s , b u t  t h e  p r e s e n c e  o f  f e r r o c y a n ld e  c a u s e s  

sl r e t a r d a t i o n .  I t  was d e c id e d  t o  c h ec k  t h e s e  o b s e r v a t io n s  an d  

to  s e e  w h e th e r  the^r a r e  s i g n i f i c a n t  when th e  c o n c e n t r a t i o n s  

o f  b o th  p r o d u c t s  a r e  o f  t h e  o rd e r  o f  th o s e  e x p e c te d  a f t e r  

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

R e a c t io n  m ix tu r e s  w ere  p r e p a r e d  a s  b e f o r e ,  T e t r a t h i o n a t e  

was in t r o d u c e d  a s  a. s o l u t i o n  o f  t h e  p o ta s s iu m  s a l t  i n t o  t h e  

t h io s u lp h a t e  com partm en t o f  t h e  r e a c t i o n  v e s s e l ,  im m e d ia te ly  

p r i o r  t o  t h e  s t a r t  o f  t h e  e x p e r im e n t .  I n  o r d e r  t o  i n v e s t i g a t e  

th e  e f f e c t  o f  f e r r o c y a n id e  io n  a  s u i t a b l e  q u a n t i t y  o f  s o l i d  

p o ta s s iu m  f e r r o c y a n id e  w as u s e d  d u r in g  th e  p r e p a r a t i o n  o f  

s to c k  f e r r i c y a n i d e  s o l u t i o n ,

6 .6 4  X 10~^' M, K,^Pe(CN)g i n  a  5 mm. g l a s s  c e l l  w as fo u n d
"~1to  h ave  a  n e g l i g i b l e  a b s o rb a n c e  a t  2 3 ,8 1 0  cm~ , and 

t e t r a t h i o n a t e  i s  t r a n s p a r e n t  a t  t h i s  w avenum ber.

Go n c e n t r a t i o n - t im e  d a t a  a r e  shown i n  t a b l e  2 2 .
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Table 22.

The E f f e c t  o f  R e a c t io n  Pro d u c t s  on Ra t e .

= 0 .1 0 8  M, [k+] = 0 ,8 2 5  M.

[pe(C U )g^"] = 0 .0 0 1 3 3  M, [edTA^“ ] = 5 X 10“ ^  M,

pH = 7 '3 8

T e m p e ra tu re  = 2 5 ,0  -  0 .0 2 ^ G .

T a b le  o f  o p t i c a l  d e n s i t y  ( a b s o rb a n c e  u n i t s )  a s  a  

f u n c t i o n  o f  t im e a t  th e  c o n c e n t r a t i o n  o f  added  

f e r r o cy an id e  an d t e t r a t h i o n a t e  s h ov/n .  5 mm. c e l l s

w ere  u s e d .

Time
(m ina)

No
a d d i t i o n s

= 3 .2 2  X 10" M.
[Pe(GN), 

=  6 .6 4  X0.
A B C A B

0 .0 0 ,6 7 2 0 .6 7 9 0 ,6 7 8 0 .6 7 9 0 .6 7 8 0 .6 7 9

ij-oO 0 .5 1 4 0 ,4 6 4 0 .6 1 4

1 0 .0 0 .3 1 6 0 .5 9 5 0 .5 1 6

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

20 .0 0 .0 4 5 0 .4 6 6 0 .3 3 7

25 .0 0 .0 1 9 0 .3 7 8 0 .2 5 3

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

3 5 .0 0 .1 6 9 0 .121

4 0 .0 0 .0 7 8 0 .0 7 7

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

50 .0 0 ,0 0 9 0 .0 3 0

60 .0 0 .4 0 7 0 .4 1 3 0 .4 0 3

7 5 .0 0 .2 1 8 0 .2 3 7 0 .2 2 2

90 .0 0 .0 1 0 0 .0 6 7 0 .0 4 0

M.
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Table 2 2 , Comments.

The r a t e  o f  r e a c t i o n  was a p p a r e n t ly  u n a f f e c t e d  by  th e  

a d d i t i o n  o f  f e r r o c y a n id e  io n  a t  a  c o n c e n t r a t i o n  e x p e c te d  

a f t e r  50^  c o m p le t io n  and  c o n s e q u e n t ly  th e  s p e c i e s  w i l l  h av e  

no k i n e t i c  e f f e c t  when d e l i b e r a t e  a d d i t i o n s  a r e  n o t  m ade.

The e x p e c te d  a c c e l e r a t i o n  w as o b se rv e d  f o r  e x p e r im e n ts  

c o n ta in in g  ad d ed  t e t r a t h i o n a t e  i o n .  The r e s u l t s  o b ta in e d  

h e re ,  h o w e v e r, w ere  c l e a r l y  i r r e p r o d u c i b l e , T a b le  23 show s 

th e  r e s u l t s  o f  i n i t i a l  r a t e  m easu rem en ts  c a r r i e d  o u t on 

r e a c t i o n  m ix tu r e s  c o n ta in i n g  ad d ed  t e t r a t h i o n a t e  i o n .

Ta b le  2 3 .

[SgO ,^” ] = 0 .1 0 0  M. = 0 .1 3 3  M.

pH =  5 .7 2  = 0 .1 9 9  M.

T em p era tu re  = 2 5 .0  ± 0 .0 2 ° C , [eDTA^~] =  5 X 10“ ^  M.

T a b le  o f  i n i t i a l  r a t e s  X 10 M. m in"''

a t  t h e c o n c e n tr a t i o n  o f  added  t e t r a t h i o n a t e  

_showr ^

M. M.

0 .0 0 1 0 0  0 .0 0 2 0 0  

0 ,00  6.26  6 .05

5 .11  9 .5 8  1 1 .7 5

* 5 .11  9 5 .1 5  1 3 2 .9 8

* S t a r t e d  a f t e r  t e t r a t h i o n a t e  had  b e e n  i n  c o n ta c t  
w i th  t h i o s u l p h a t e  f:o r 30 m in s .

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

p resen ce  o f  ad d ed  t e t r a t h i o n a t e  may, i n  p a r t ,  b e  a t t r i b u t e d
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t o  i t s  r e a c t i o n  w i th  t h i o s u l p h a t e ,  p re s u m a b ly  fo rm in g  

s u l p h i t e .  H ow ever, s i n c e  t h i s  i n c o n s i s t e n c y  i s  a p p a re n t  

even  when t e t r a t h i o n a t e  i s  added  im m e d ia te ly  b e f o r e  t h e  s t a r t  

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

i s  som ewhat m ore c o m p l ic a te d .  C o n s e q u e n tly , th e  g e n e r a l l y  

a c c e p te d  m ethod  t o  f i n d  th e  e f f e c t  on r a t e  o f  a  p a r t i c u l a r  

r e a c t a n t ,  t h a t  i s ,  t o  v a ry  i t s  c o n c e n t r a t i o n  k e e p in g  t h a t  o f  

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

A s o l u t i o n  s h o u ld  b e  so u g h t by  m e a su r in g  th e  r e p r o d u c ib le  

c o n c e n t r â t i o n - t im e  c u rv e s  f o r  r e a c t i o n  m ix tu r e s  c o n ta in in g  

no added  p r o d u c t s ,  and  f i t t i n g  a  r a t e  law  t o  i n d i v i d u a l  

k i n e t i c  r u n s .
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To D e r iv e  a  R a te  E x p r e s s io n  w h ic h  w i l l  h o ld  o v e r  a  L a rg e

I t  i s  e x p e c te d  t h a t ,  a t  any  i n s t a n t ,  t h e  r a t e  o f  th e  

f e r r i c y a n i d e - t h i o s u l p h a t e  r e a c t i o n  w i l l  h e  g iv e n  by a  com plex  

r a t e  e x p r e s s io n  c o n s i s t i n g  o f  te rm s  t o  d e s c r i b e  th e  

c o n t r i b u t i o n s  fro m  th e  i n i t i a l  and  th e  c a t a l y s e d  s t a g e s .  

A cco rd in g  t o  S p i r o  and  B a r r e i r a  (2 0 )  th e  l a t t e r  i s  i t s e l f  

complex i n  n a t u r e ,  and  c o n s e q u e n t ly  a  r a t e  e x p r e s s io n  of 

t h i s  ty p e  w i l l  b e  d i f f i c u l t  t o  i n t e g r a t e .  U nder s u c h  

c irc u m s ta n c e s  i t  may b e  h e l p f u l  t o  d e te rm in e  th e  v a lu e  o f  th e  

r a t e  from  th e  c o n c e n t r a t i o n - t im e  d a tæ  and  p l o t  i t  a g a i n s t  

c o n c e n t r a t i o n .  S in c e  t h e  r a t e  e x p r e s s io n  i s  u s u a l l y  th e  

s im p le s t  m a th e m a tic a l  fo rm  o f  d e s c r i b i n g  t h e  k i n e t i c s  o f  

a r e a c t i o n ,  i t  ma^r b e  p o s s i b l e  t o  s e e  a  r e l a t i o n s h i p  b e tw e e n  

r a t e  and  c o n c e n t r a t i o n .  S uch  a  r e l a t i o n s h i p  m ay, f o r  e x am p le , 

be a  pow er s e r i e s  i n  c o n c e n t r a t i o n .  I t  i s  im p o r ta n t ,  t h e r e f o r e  

to  be- a b le  t o  m ea su re  w i th  s u f f i c i e n t  a c c u ra c y  th e  r a t e  o f  

r e a c t io n  a t  any  g iv e n  t im e  o r  c o n c e n t r a t i o n .

The f o l lo w in g  m ethod was a d o p te d . The r a t e  was 

d e te rm in e d , a t  v a r io u s  t im e s ,  by  a  g r a p h i c a l  m ethod o f ' d raw in g  

ta n g e n ts ,  w i t h  t h e  a id  o f  a  m i r r o r ,  t o  c o n c e n t r a t i  o n - tim e  

curves a t  some 3 0  p o i n t s .  The r a t e  o f  l o s s  o f  f e r r i c y a n i d e  

was th e n  p l o t t e d  a g a i n s t  t im e  t o  sm ooth  o u t th e  random  

v a r i a t i o n s  i n h e r e n t  i n  t h i s  m ethod o f  m ea su re m e n t, and  th e  

r e s u l t s  w ere  exam ined  a lo n g s id e  c o r r e s p o n d in g  t e t r a t h i o n a t e  

c o n c e n tr a t io n ,  w h ic h  i s  b e l i e v e d  t o  be  im p o r ta n t  i n  th e  

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

assum ing o n ly  q u a n t i t a t i v e  c o n v e r s io n  o f  t h i o s u l p h a t e  t o  

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

G raph i o  show s a  t y p i c a l  p l o t  o f  r a t e  v s .  t h e

data  b e in g  o b ta in e d  fro m  t a b l e  2 4 . H ere  and  i n  s u b s e q u e n t
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t a b l e s  w here  th e  u s e  o f  co m p u tin g  w as made t h e  t e t r a t h i o n a t e  

c o n c e n t r a t i o n  i s  d e n o te d  b y  ’’ [t e TEA]" M. The r a t e  i s  d e f in e d  

a s  -d [F e (C N )g ^  ] / d t  M. m in  ̂ and  f o r  a l l  t h e  n u m e r ic a l  d a t a  

pow ers o f  t e n  a r e  d e n o te d  b y  The g ra p h  s u g g e s t s  t h a t  th e

s im p le s t  r e l a t i o n s h i p  b e tw e e n  th e  tw o v a r i a b l e s  i s  a  q u a d r a t i c  

one o f  t h e  fo rm ,

2-1 ^ ^ 2 - i 2B a te  = A + B [s^Og "] + C [s^^Og J
where A, B and  C a r e  c o n s t a n t s  f o r  a  p a r t i c u l a r  r u n ,  I f  t h e s e  

r a t e  c o n s t a n t s  a r e  e v a lu a te d  u n d e r  v a r io u s  c o n d i t i o n s  th e n  

a more d e t a i l e d  r e l a t i o n s h i p  may b e  p ro p o s e d .

P o ly n o m ia l  r e g r e s s i o n  w as u s e d  t o  f i t  t h e  q u a d r a t i c  

e x p re s s io n  t o  r a t e - c o n c e n t r a t i o n  d a t a ,  a  co m p u te r p ro g ram  

b e in g  u s e d  f o r  t h i s  p u r p o s e .  T h is  was a v a i l a b l e  a s  a  num ber 

o f l i b r a r y  s u b r o u t in e s  known a s  " S c i e n t i f i c  S u b r o u t in e  

P ackages" w h ic h , when c a l l e d  by  a  m a s te r  p ro g ra m , a r e  c a p a b le  

of c a r r y in g  o u t p o ly n o m ia l  r e g r e s s i o n  t o  a  d e g re e  l i m i t e d  

only by  th e  a c c u ra c y  o f  t h e  m a c h in e . The m ain  p ro g ram  f o r  th e  

s p e c i f i c  p u rp o s e  i n  h an d  was w r i t t e n  w i th  t h e  a i d  o f  t h e  

manual (3 7 )  r e l a t i n g  t o  t h e  l i b r a r y  r o u t i n e s  i n  q u e s t io n ,  

and i s  l i s t e d  i n  a p p e n d ix  I I ,

The r e s u l t s  o f  c a l c u l a t i o n s  a r e  g iv e n  i n  t a b l e s  2 4  -  3 2 , 

the c o e f f i c i e n t s  o f  r e g r e s s i o n  b e in g  shown w i th  t h e i r  s t a n d a r d  

d e v ia t io n s  a lo n g s id e .  The l a t t e r  s h o u ld  b e  a  m easu re  o f  th e  

constancy  o f  t h e  c o e f f i c i e n t s  d u r in g  th e  c o u rs e  o f  a  k i n e t i c  

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

4; B and G i n t o  t h e  r a t e  e x p r e s s io n  and  t h e  r e s i d u a l  r a t e  i s  

the d i f f e r e n c e  b e tw e e n  o b s e rv e d  and  p r e d i c t e d  v a lu e s .

The u n i t s  o f  A a r e  M, m in"^ ; o f  B, min""^ ; and  o f  G,

^4  ̂ m in~^ .
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Graph 10.

G raph  o f  r a t e  v s .  

d u r in g  a  t y p i c a l  r u n .

2 .5

•H

2.0

5

O '

0.0 1 . 0 2 .0 3 .0 4 .0

X 1o'+ M.
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KaiÆi 21]..

POLÏIIOMIA.L REGRESSION. TO PIT KINETIC DATA
TO QU/iDRATIC RATE LAW.

[pe(CN )g^“]

pH

[edta^ " ]

T em p era tu re

0 .1 9 8  M. [Na"^] = 0 .3 9 8  M.

0 .0 0 1 0 0  M. |k + ]  = 0 .1 2 3  M.

5 .7 5  [qAc"] = 0 .1 2 0  M.

5 X 10“ ^  M.

2 5 .0  ± 0 .0 2 ° C .

COEPPICIENTS CP REGRESSION 

A = .8 7 W E -0 5

B = .13603+ 00  +0R- .4 3 2 1 E -02 

C = - .2 6 4 1 3 + 0 3  +0R- .1040E+02

TABLE OP RESIDDALS

[tetra] RATE PREDICTED RESIDUAL

.2 0 0 E -0 4 .1 0 7 3 -0 4 .1 1 4 3 —04 - . 7 0 7 3 -0 6

.3 2 0 E -0 4 .1 2 1 3 -0 4 .1 2 8 3 -0 4 —. 6743—06

.4 5 0 3 -0 4 . 1 4 2 3 -0 4 . 1 4 3 3 -0 4 —. 1 283 -06

.6 2 0 3 -0 4 . 1 6 5 3 -0 4 .1 6 2 3 -0 4 .3 2 1 3 -0 6

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

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

.1 2 1 3 -0 3 . 22OE-0 4 .2 1 3 3 -0 4 . 7 1 0 3 -0 6

.1 4 4 3 -0 3 .2 3 3 3 -0 4 .2 2 8 3 -0 4 ..4 1 2 3 -0 6

.1 6 8 3 -0 3 . 24IE - 0 4 . 2413 -0 4 - .2 4 2 E -0 7

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

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

. 2 4 4 3 -0 3 . 2 5 7 3 -0 4 .2 6 2 3 -0 4 —.4 9 0 3 —06

. 27IE -0 3 .2 5 8 3 -0 4 .2 6 2 3 -0 4 - . 4 1 9 3 -0 6

.2 9 6 3 -0 3 . 2 5 5 3 -0 4 .2 5 9 3 -0 4 - .3 7 5 3 -0 6

. 3 2 2 3 -0 3 . 2 5 0 3 -0 4 . 2 5 1 3 -0 4 —.1 8 8 3 —06

. 3 4 9 3 -0 3 .2 4 3 3 -0 4 . 24OE-O4 . 2253-06

. 3 723 -03 . 2 3 2 3 -0 4 .2 2 8 3 -0 4 . 4 3 7 3 -0 6

. 3 9 4 3 -0 3 . 2 1 5 3 -0 4 . 2 1 3 3 -0 4 . I 76E-O6
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TiiBLB 2 5 .

POLWOM.IâL REGRESSION, TO FIT KINETIC DATA
TO QmiDRATIO RATE LAW.

[8203  ]
= 0 .1 1 9  M. [Ka+j = 0 .3 9 8  M.

[ F e ( G N ) g ^ T 0 .0 0 1 0 0  M. [kN = 0 .1 2 3  M.

pH = 5 .7 5 * [ N ( 3 t ) ^ + ] = 0 .0 7 9  M.

[e d t a ^ “ ] = 5  X 10“ ^  M. [C l“ ] = 0 .2 3 8  M,

T em p era tu re =  2 5 .0  -  0 .0 2 ° C . [OAo"] = 0 .1 2 0  M.

* Added t o  a d j u s t  i o n i c  s t r e n g th ,

COEFFICIENTS OF REGRESSION

.4 3 8 7 3 -0 5  

B = .8 1 193 -01  + 0 5 - .1 0 4 9 3 -0 2  

C = - . 15413+05  + 0 5 - . 25553+01

TJiBIP OF RESIDUALS

[tetraJ R/Æ3 PREDICTED RESIDUAL

.1 1 0 3 -0 4 .5 5 2 3 -0 5 . 5 263 -05 . 2563 -06

.1 8 0 3 -0 4 . 5 963 -05 .5 8 1 3 -0 5 .1 5 5 E -0 6

.2 8 0 3 -0 4 .6 4 7 3 -0 5 . 6 5 6 3 -0 5 - .854E r-07

.3 8 0 3 -0 4 .7 1 0 3 -0 5 ,7 2 8 3 -0 5 - . 1793-06

.4 9 0 3 -0 4 .7 8 4 3 -0 5 .8 0 liP -0 5 - . 2 043 -06

.6 3 0 3 -0 4 .8 7 3 3 -0 5 .8 9 7 3 -0 5 —.2 4 0 3 —06

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

. 9 2 0 3 -0 4 .1 0 8 3 -0 4 . 1 0 7 3 -0 4 .3 8 3 3 -0 7

.1 1 0 3 -0 3 .1 1 8 3 -0 4 . 1 1 7 3 -0 4 . 1 2 4 3 -0 6

.1 2 8 3 -0 3 .1 2 8 3 -0 4 .1 2 6 3 -0 4 . 2 373 -06

.1 4 8 3 -0 3 ' . 1 3 7 3 -0 4 . 1 3 5 3 -0 4 . 2343-06

. 1 6 9 3 -0 3 . 1 4 4 3 -0 4 . 1 4 3 3 -0 4 . 1 4 2 3 -0 6

. 1913 -03 . 1 5 0 3 -0 4 .1 5 0 3 -0 4 . 1 7 5 3 -0 7

. 2133 -03 . 1 5 5 3 -0 4 . I 56E- 0 4 - .6 6 8 3 - 0 7

.2 3 7 3 -0 3 .1 6 0 3 -0 4 .1 6 1 3 -0 4 - . 1 3 7 3 -0 6

.2 6 1 3 -0 3 ,1 6 3 3 -0 4 . 1643—04 —.1 4 3 3 —06

.2 8 5 3 -0 3 . 1 6 6 3 -0 4 .1 5 6 3 -0 4 —.8 4 0 3 —07

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

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

.3 6 2 3 -0 3 .1 6 2 3 -0 4 .1 6 2 3 -0 4 . 1 543 -07

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

.4 0 9 3 -0 3 , 1 5 2 3 -0 4 . 1 5 2 3 -0 4 - . 9273 -09
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TABLE 26.

POLYNOMIAL REGRESSION. TO PIT KINETIC DATA
TO QUADRATIC RATE LAW.

0 .0 4 0  M. [Na+] = 0 .3 9 8  M

0 .0 0 1 0 0  M. [K+] = 0 .1 2 3  M,

5 .7 5 * [N (E t)^ + ] = 0 .1 5 9  M

5 X 10“ ^  M, [ c i " ] = 0 .4 7 6  M,

2 5 .0  -  0 .0 2 ° C . [OAc~j = 0 .1 2 0  M,

[pe(CN)g

pH

[edta^ " ]

» lidded  t o  a d j u s t  i o n i c  s t r e n g t h .  

COEPPICIENTS OP REGRESSION

A = . 6736E—06

B = .2 1 4 3 3 -0 1  +0E- . 20933-03  

C = - .3 3 7 5 3 + 0 2  +0H- .61473+ 00

TABLE OP RE3IDUAIS

[TETRiiJ RATE PREDICTED RESIDUAL

.1 4 0 3 -0 4 . 9603-06 . 9 6 7 3 -0 6 - .7 3 4 3 -0 8

.2 2 0 3 -0 4 .1 1 2 3 -0 5 . 1133 -05 - . 9233-08

.3 1 0 3 -0 4 . 1293 -05 , 1 3 1 3 -0 5 - .1 6 2 3 -0 7

.3 9 0 3 -0 4 . 1433-05 .1 4 6 3 -0 5 .2 1 1 3 -0 7

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

.6 .503-04 .1 9 2 3 -0 5 .1 9 3 3 -0 5 - .5 3 9 3 -0 8

.8 0 0 3 -0 4 ,2 1 7 3 -0 5 . 2 1 7 3 -0 5 —. 3763—08

.9 8 0 3 -0 4 .2 4 3 3 -0 5 . 2453 -05 —. 2183—07
.1 1 8 3 -0 3 . 271E-0 5 . 2733 -05 - . 2 5 0 3 -0 7
.1 4 0 3 -0 3 . .3 0 0 3 -0 5 . 3 0 2 3 -0 5 - . 1 5 3 3 -0 7
, 1623-03 .3 2 8 3 -0 5 . 3 2 6 3 -0 5 . 1 7 0 3 -0 7
.1 8 8 3 -0 3 . 3 5 3 3 -0 5 .3 5 1 3 -0 5 .1 6 4 3 -0 7
. 2 1 4 3 -0 3 . 3 7 4 3 -0 5 . 3 7 2 3 -0 5 . 2 1 4 3 -0 7
. 2 433 -03 .3 9 0 3 -0 5 .3 8 9 3 -0 5 ,6 6 5 3 -0 8
. 2743 -03 . 4 0 0 3 -0 5 . 4 0 2 3 -0 5 - . 1 743 -07
. 3 0 5 3 -0 3 ,4 0 5 3 -0 5 .4 0 8 3 -0 5 - . 2 663 -07
,3 3 6 3 -0 3 . 4 0 9 3 -0 5 . 4 0 7 3 -0 5 . 1 9 1 3 -0 7
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Ti3LE 2 7 .

POLYHOMIAi EEGEESSIOH. TO PIT KINETIC IWTA
TO QTIAERiJIC EiiTE U Æ .

i W ] = 0 .1 9 8  M. [Na+] = 0 .3 9 8  M,

= 0 .0 0 2 0 0  M. K ] = 0 .1 2 6  M.

pH = 5 .7 5 [qAc~] = 0 .1 2 0  M.

[edta^ " ] = 5  X 10“ ^  M,

Tem peratuz '0 = 2 5 ,0  -  0 .0 2 ° C .

GG3FFICIIP1T8 OP REGRESSION 

A = .8 2 2 7 E -0 5

B = .111UE+00 +CE- .1 1 1 3 E -0 2  

0 = - .8 0 0 5 3 + 0 2  +0E - . I 346E+OI

TfiBEE OP EESIBUAIS

[t e t r a ] RATE PREDICTED RESIDUAL

•300E-0A . I 2 IE - 0 4 .1 1 5 8 -0 4 .6 0 3 8 -0 6
. 50OE-OA . I 36E- 0 4 .1 3 6 8 -0 4 .3 2 9 8 -0 8
. 70OE-OA .1 5 5 8 -0 4 . I 56E- 0 4 - . 1 322-06
. 95OE-OA .1 7 9 8 -0 4 . I 8 IE - 0 4 - .1 8 7 8 - 0 6
.1 2 5 E -0 3 .2 0 8 E -0 4 .2 0 9 8 -0 4 - .1 0 1 8 -0 6
.1 6 5 8 -0 3 .2 4 0 8 -0 4 .2 4 4 8 -0 4 - .4 2 8 8 -0 6
. 20OE-0 3 .2 7 5 8 -0 4 .2 7 3 8 -0 4 . 1 968 -06
. 2I4.5E-0 3 . 308E- 0 4 .3 0 7 8 -0 4 .8 6 3 8 -0 7
.2 9 5 8 -0 3 .3 3 9 8 -0 4 .3 4 1 8 -0 4 - .2 2 2 8 - 0 6
.3 4 5 8 -0 3 .3 6 9 8 -0 4 .3 7 1 8 -0 4 —. 23OE—06
. 4 0 OE-0 3 .3 9 9 8 -0 4 . 4 0 OE—04 - . 7 6 6 8 -0 7
.4 6 5 8 -0 3 .4 2 8 S -0 4 .4 2 7 8 -0 4 .8 3 6 8 -0 7
.5 3 0 8 -0 3 .4 5 1 8 -0 4 .4 4 8 8 -0 4 .3 2 0 8 -0 6
.6 0 0 8 -0 3 .4 6 4 8 -0 4 .4 6 2 8 -0 4 .1 5 5 8 -0 6
.6 7 5 8 -0 3 .4 7 1 8 -0 4 .4 6 9 8 -0 4 . 1 558 -06
.7 4 5 8 -0 3 . 47OE- 0 4 .4 6 8 8 -0 4 .2 1 5 8 -0 6
.8 1 5 8 -0 3 .4 5 4 8 -0 4 . 4 5 8 8 -0 4 —. 4418—06
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TABLE 28.

POLYNOMIAL REGRESSION. TO PIT KINETIC DATA
TO QUADRATIC RATE TAW.

[P e (C N )g ^ ]  =

pH

[EDTA^"]

0 .0 7 9  M. 

0 .0 0 2 0 0  M. 

5 .7 5

5 X 1 0 "^  M.

T em p era tu re  = 2 5 .0  i  G .02°C , [oAc~]

* Added t o  a d j u s t  i o n i c  s t r e n g t h .

COEFFICIENTS OP REGRESSION 

A = .3 0 1 9 E -0 5

B = .3542E-0-1 +QR- .1 2 8 8 E -0 2  

C = - .2 0 4 7 8 + 0 2  +0R- .2022E+01

TABLE OP RESIDUALS

[N a * ] = 0 .3 9 8  M.

[K"*"] = 0 .1 2 6  M.

[N (E t)^ + ]  = 0 .1 1 9  M.

[C l“ ] = 0 .3 5 7  M,

= 0.120 M.

[ t e t r a ] RATE PREDICTED RESIDUAL

. 200E- 0 4 • .3 3 0 8 -0 5 .3 7 2 8 -0 5 —. 4208—06

. 450E-0 4 . 46OE-O5 .4 5 7 8 -0 5 .2 8 1 S -0 7

. 850E- 0 4 . 62OE-O5 .5 3 8 8 -0 5 .3 1 8 8 -0 6

. 140E-0 3 .7 8 0 8 -0 5 .7 5 8 8 -0 5 ,2 2 3 8 -0 6
,1 8 5 8 -0 3 ,9 0 0 8 -0 5 .8 3 7 8 -0 5 .1 2 8 8 -0 6
.2 1 0 8 -0 3 .9 6 0 8 -0 5 .9568 -05 .4 4 4 8 -0 7
. 29OE-0 3 i l l  4 8 -0 4 .1 1 6 8 -0 4 —,1 718—06
.3 1 5 8 -0 3 . I 2 IE -0 4 .1 2 1 8 -0 4 —. 4698—07
.3 8 0 8 -0 3 .,1 3 4 8 -0 4 .1 3 5 8 -0 4 - .1 2 5 8 -0 6
.4 9 5 8 -0 3 .1 5 4 8 -0 4 .1 5 5 8 -0 4 - .1 3 9 8 -0 6
. 5 2 5 8 -0 3 .1 6 0 8 -0 4 .1 6 0 8 -0 4 .2 4 5 8 -0 7
.6 1 5 8 -0 3 .1 7 2 8 -0 4 .1 7 1 8 -0 4 .1 3 6 8 -0 0
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TABLE 2 9 .

POLYNOMIAL REGRESSION. TO PIT KINETIC DATA
TO QUADRATIC RATE LAW.

[S s O ,^ - ]  = 0 .0 4 0  M.

[pe(C N )g^“ ] = 0 .0 0 2 0 0  M.

pH = 5 .7 5

[edta^ " ] = 5 X 10“^  M.

[m + ]

Lk- ]

* [N (E t)^ + ]

[C l“ ]

T em p era tu re  = 2 5 .0  -  0 .0 2 ^ C . [0Ac“ ]

# Added t o  a d j u s t  i o n i c  s t r e n g t h .  

COEPPICIENTS OP REGRESSION

A = .1 0 4 9 8 -0 5

B = .1 6 3 7 8 -0 1  +0R- .3 4 2 8 E -0 3

C = - .1 0 4 6 8 + 0 2  +0R- .6972E+00

TABLE OF RESIDUAIS

0.398 M, 

0 .1 2 6  M. 

0 .1 5 9  M. 

0 .4 7 6  M. 

0 .1 2 0  M.

[ t e t r / .] RATE .PREDICTED . RESIDUAL

.1 0 0 8 -0 4 .1 1 3 8 -0 5 .1 2 1 8 -0 5 - .8 2 0 E -0 7

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

.3 0 0 8 -0 4 .1 5 0 8 -0 5 .1 5 3 E -0 5 - .3 1 0 8 -0 7

.5 5 0 E -0 4 .1 9 4 8 -0 5 .1 9 2 8 -0 5 .2 2 1 8 -0 7

.8 5 0 8 -0 4 .2 4 5 8 -0 5 .2 3 7 8 -0 5 .8 5 0 8 -0 7

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

.1 5 5 8 -0 3 .3 3 3 8 -0 5 .3 3 3 8 -0 5 —.4 9 6 8 —08

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

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

.3 2 0 E -0 3 .5 1 8 8 -0 5 .5 2 2 8 -0 5 - .3 5 6 8 - 0 7

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

.5 0 0 8 -0 3 .6 6 5 8 -0 5 .6 6 2 8 -0 5 .3 2 5 8 -0 7
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TABLE 30.

POLYNOMIAL REGRESSION, TO PIT KINETIC DATA
TO QUADRATIC RATE LAW,

[S203 ' - ] = 0 .101  M. [K+] =  0 .2 7 3  M.

[ P e ( C N ) g ^ ’" ] =  0 .0 0 1 3 3  M. * [ N ( 8 t ) ^ + ] = 0 ,0 1 7  M,

pH ■= 4 .7 0 [C 1 -] =  0 .0 5 0  M,

[edta,^“ ] = 5 X 10" ^  M. [q Ac “ ] = 0 .0 3 3  M„

T e m p e r a t u r e =  2 5 ,0  -  0 .0 2 ° C .

* Added t o  a d j u s t  i o n i c  s t r e n g t h ,

COEPPICIENTS OP REGRESSION 

A = .2 2 8 2 E -0 4

B = .16798+ 00  +0R- .1 8 5 1 8 -0 1  

C = - .2 8 5 8 8 + 0 3  +0R- .26528+02

TABLE OP RESIDUALS

[TETRA] RATE PREDICTED RESIDUAL

.7 8 0 8 -0 4 .3 3 8 8 -0 4 .3 4 2 8 -0 4 - .3 7 7 8 -0 6

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

. 1 5 8 8 -0 3 .4 1 5 8 -0 4 .4 2 2 8 -0 4 —. 7128—06

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

.2 4 7 8 -0 3 . 4 7 6 8 -0 4 .4 6 9 8 -0 4 .7 4 9 8 -0 6

.2 9 5 8 -0 3 .4 9 9 8 -0 4 .4 7 5 8 -0 4 .2 4 3 8 -0 5

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

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

.4 3 4 E -0 3 ,3 9 0 8 -0 4 .4 1 8 8 -0 4 - .2 8 4 8 - 0 5

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

.5 1 0 8 -0 3 .3 1 7 8 -0 4 .3 4 1 8 -0 4 - .2 4 0 8 - 0 5

.5 4 2 8 -0 3 .2 8 9 8 -0 4 . 2 9 8 8 -0 4 —. 9468—06

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

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



104 ,

TABLE 3 1 .

POLYNOMIAL REGRESSION. TO P IT  KINETIC DATA 
TO QUADRATIC RATE LAW.

t^ 2 ° 3 ^ " l  = 0 .101  M.

[pe(C N )g^“ ] = 0 .0 0 1 3 3  M.

piT =• 5*3^

[eDTA* ’̂ ] i,- 5 X 10“ ^  M.

T em p era tu re  = 2 5 .0  -  0 .0 2 ° C .

* Added t o  a d j u s t  i o n i c  s t r e n g t h .

COEPPICIENTS OP REGRESSION 

A = .1 2 0 9 8 -0 4

B = .74832 -01  +0R- .1 8 4 9 2 -0 2  

C = - .1 1 6 2 8 + 0 3  +0R- .2721E+01

[%+] = 0 .2 7 3  M

[N (E t)^ + ] = 0 .0 2 7  M

[ c i “ ] = 0 .0 4 0  M

[WiC-] = 0 .0 5 3  M

TABLE OP RESIDUALS

[ t e t r a ] RATE PREDICTED RESIDUAL

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

.640E- 0 4 . 1663—04 .1 6 4 3 -0 4 .2 0 0 3 -0 6

.9 9 0 3 -0 4 .1 8 2 3 -0 4 .1 8 4 3 -0 4 - . 1 563 -06

.1 2 6 3 -0 3 .1 9 4 2 —04 . 1 9 7 2 -0 4 - . 2703-06

.1 5 2 3 -0 3 . 2 0 5 3 -0 4 .2 0 8 3 -0 4 - . 2753-06

.1 8 3 3 -0 3 . 2 1 5 3 -0 4 . 2 1 9 3 -0 4 —. 3 8 83—06

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

. 2 533 -03 . 2 3 4 2 -0 4 . 2 3 6 3 -0 4 —.1 7 8 3 —06

.2 8 7 3 -0 3 . 2 4 0 3 -0 4 .2 4 0 3 -0 4 . 1 233 -07

.3 1 1 3 -0 3 . 242E- 0 4 . 2 4 1 2 -0 4 .8 4 7 3 -0 7

.3 3 8 3 -0 3 .2 4 3 3 -0 4 . 2 4 1 3 -0 4 .2 0 1 3 -0 6

.3 6 2 3 -0 3 ' .2 4 3 E -0 4 .2 3 9 3 -0 4 .3 5 8 3 -0 6

.3 8 6 3 -0 3 .2 4 2 3 -0 4 . 2 3 7 3 -0 4 . 5493-06

. 4 1 0 3 -0 3 .2 3 8 3 -0 4 . 2 3 2 3 -0 4 . 5743-06

.4 3 2 3 -0 3 .2 3 1 3 -0 4 .2 2 7 3 -0 4 .3 8 1 3 -0 6

. 4 0 9 3 -0 3 . 2 2 3 2 -0 4 .2 3 2 3 -0 4 —.9 4 7 3 —06

. 4 7 9 3 -0 3 .2 1 4 2 -0 4 . 2 1 3 3 -0 4 . 1413 -06

. 4 9 7 3 -0 3 .2 0 5 3 -0 4 .2 0 6 3 -0 4 - . 6 3 9 3 -0 7

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

.5 4 0 3 -0 3 .1 8 5 3 -0 4 «18 6 3 -0 4 - .9 8 3 3 - 0 7

.5 5 8 3 -0 3 .1 7 6 3 -0 4 . 1 7 6 3 -0 4 —. 4783—07

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

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

.6 0 8 3 -0 3 . 1 4 5 3 -0 4 «1463-04 - .1 1 3 3 - 0 6
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TABLE 32 .

POLYNOMIAL REGRESSION. TO PIT KINETIC DATA
TO QUiLEATIC RATE lAW.

= 0 .101  M. = 0 .2 7 3  M.

[pe(G N )g^-] = 0 .0 0 1 3 3  M. * [ N ( 3 t ) ^ + ] = 0 .0 3 0  M.

pH = 5 .7 8 [ c i ~ ] = 0 .0 3 7  M.

[edta.^“ ] = 5 X 1 0 "4  M. [cAc"] = 0 ,0 6 0  M*

T em p era tu re = 2 5 .0  ± 0 .0 2 ° C .

» Added t o  a d j u s t  i o n i c  s t r e n g t h .

COEPPICIENTS OP REGRESSION 

A = .4 3 1 6 3 -0 5

B = .5 9 9 1 3 -0 1  +0H- . 16503-02

C = - .8 1 7 7 3 + 0 2  +CSR- .27743+01

TABLE OP RESIDUALS

[ te t r a ] RAiTB PREDICTED RESIDUAL

. 1 5 0 3 -0 4 .5 7 0 E -0 5 .5 2 0 3 -0 5 . 5 403 -06

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

.4 5 0 3 -0 4 . 69OE-0 5 . 6 8 5 3 -0 5 .5 3 8 3 -0 7
.6 3 0 3 -0 4 . 76OE-0 5 . 7 7 7 3 -0 5 —.1 6 6 3 —06
. 8 5 0 3 -0 4 .8 4 0 3 -0 5 .8 8 2 3 -0 5 —. 4 1 73—06
. 1093-03 . 9 3 0 3 -0 5 .9 8 7 3 -0 5 - . 5 753 -06
.1 3 2 3 -0 3 .10 4 3 -0 4 .1 0 8 3 -0 4 - . 3 9 9 3 -0 6
.1 6 1 3 -0 3 . 1 1 5 3 -0 4 .1 1 8 3 -0 4 - . 3 4 2 3 -0 6
.1 9 2 3 -0 3 .1 2 8 3 -0 4 .1 2 8 3 -0 4 - .4 3 2 3 - 0 8
. 2 243 -03 . I 4 OE- 0 4 .1 3 6 3 -0 4 .3 6 7 3 -0 6
.2 6 2 3 -0 3 .1 4 8 3 -0 4 . 1 4 4 3 -0 4 . 4 0 IE -O 6
. 2 9 7 3 -0 3 . 1 5 3 3 -0 4 . 1 4 9 3 -0 4 .4 0 3 3 -0 6
.3 3 6 3 -0 3 . 1 5 5 3 -0 4 .1 5 2 3 -0 4 . 2863-06
. 3 7 4 3 -0 3 .1 5 3 3 -0 4 .1 5 3 3 -0 4 . 1503 -07
.4 1 2 3 -0 3 . 1 4 9 3 -0 4 . 1 5 1 3 -0 4 - . 2 1 9 3 -0 6
. 4 4 9 3 -0 3 . 1 4 5 3 -0 4 . 1 4 7 3 -0 4 - . 2313 -06
.4 8 4 3 -0 3 .1 4 0 3 -0 4 . 1 4 2 3 -0 4 - . 1583 -06
. 5 2 1 3 -0 3 . 1 3 4 3 -0 4 . 1 3 3 3 -0 4 .6 5 9 3 -0 7
.5 5 0 3 -0 3 . 1 2 6 3 -0 4 . 1 2 5 3 -0 4 .6 8 1 3 -0 7
.5 8 1 3 -0 3 . 1 1 7 3 -0 4 . 1 1 5 3 -0 4 - .2 2 3 3 - 0 7
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The A d d i t io n  o f  N (E t). t o M a in ta in  I o n ic  S t r e n g th .

The l a r g e  r a d i u s  (i+,0 £ )  and  t h e  low  c h a rg e  o f  th e  

te tra e th y la m m o n iu m  io n  make i t  a  p o t e n t i a l l y  s u i t a b l e  r e a g e n t  

f o r  t h e  s tu d y  o f  i o n i c  s t r e n g t h  e f f e c t s  w here  io n  p a i r i n g  i s  

to  b e  a v o id e d .  T h is  p o l i c y  was a d o p te d  t o  co m p en sa te  f o r  

ch an g es i n  i o n i c  s t r e n g t h  f o r  t h e  p r e s e n t  s e r i e s  o f  

e x p e r im e n ts  b u t  i n  t h e  l i g h t  o f  f u r t h e r  e v id e n c e  t h e  v a l i d i t y  

o f  t h e s e  m easu rem en ts  s h o u ld  b e  c h e c k e d .

The l i m i t e d  in f o r m a t io n  a v a i l a b l e  r e g a r d in g  s p e c i f i c  

e f f e c t s  o f  te tra e th y la m m o n iu m  io n s  s u g g e s t s  t h a t  th e y  a r e  

l e s s  e f f i c i e n t  c a t a l y s t s  th a n  sod ium  o r  p o ta s s iu m , a  r e s u l t  

w hich  i s  c o n s i s t e n t  v / i th  th e  l a r g e r  i o n i c  r a d i u s .  H ow ever, 

f o r  a  num ber o f  r e a c t i o n s  in v o lv in g  a n io n s ,  t h e  m a g n itu d e  

o f th e  e f f e c t  seem s t o  d ep en d  on th e  c h a rg e  o f  t h e  a c t i v a t e d  

com plex. I n  t h e  c a s e  o f  th e  f e r r i c y a n i d e - i o d i d e  r e a c t i o n  t h e  

s ig n  o f  t h e  s a l t  e f f e c t  i s  r e v e r s e d  on g o in g  fro m  p o ta s s iu m  

to  ^ ( 2 ) 2̂"*" w here  R i s  m e th y l o r e t h y l .  I n d e l l i  (3 8 )  e x p la in e d  

t h i s  r e s u l t  q u a l i t a t i v e l y  b y  c o n s id e r in g  th e  h ig h  

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

c o n s e q u e n tly  i t s  a b i l i t y  t o  c l u s t e r  a ro u n d  a  h ig h ly  c h a rg e d  

a c t iv a t e d  c o n ^ le x ,  p r e v e n t in g  t h e  s m a l le r  io n s  from  g e t t i n g  

s u f f i c i e n t l y  c lo s e  t o  e x e r t  any  a p p r e c i a b le  s h o r t  r a n g e  

a c t io n .  I n  a  r e c e n t  p a p e r ,  G ia c o m e ll i  (3 9 )  a t t r i b u t e d  th e  

a p p a re n t ly  an om alous b e h a v io u r  t o  a  p o s s i b l e  h y d ro p h o b ic  

e f f e c t  o f  t h e  io n  w h ic h , i f  i n c o r p o r a te d  i n  t h e  a c t i v a t e d  

com plex, w o u ld  a l t e r  d r a s t i c a l l y  t h e  h y d r a t io n  an d  c o n s e q u e n t ly  

th e  e n e r g e t i c s  o f  th e  t r a n s i t i o n  s t a t e .  I t  may e v en  b e  a rg u e d  

th a t  th e  p r e s e n c e  o f  a  q u a r t e r n a r y  ammonium s a l t  c o u ld  m o d ify  

th e  s t a b i l i t y  c o n s t a n t s  f o r  p o s s i b l e  io n  p a i r s  i n  t h e
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r e a c t i o n  m ix tu r e .

No q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  th e  e f f e c t  o f  

te tra a lk y la m m o n iu m  io n  on r e a c t i o n  r a t e  h a s  y e t  b e e n  r e p o r t e d  

and i t  i s  im p o s s ib le  t o  ev en  make a  q u a l i t a t i v e  p r e d i c t i o n  

as t o  w h e th e r  an  a c c e l e r a t i o n  o r  a  r e t a r d a t i o n  i s  t o  b e  

e x p e c te d  fc-»  ̂ t h e  r e a c t i o n  i n  q u e s t io n .  A l l  s u b s e q u e n t  

c a l c u l a t i o n s  w ere  c a r r i e d  o u t a ssu m in g  t h a t  N (E t)^ ^  i s  i n e r t  

tow ards io n  p a i r  f o r m a t io n  and  any k i n e t i c  f e a t u r e s  s h o u ld  

ap p ea r i n  th e  f i n a l  r e s u l t .

S ig n i f ic a n c e  of  t h e ''Z e ro "  O rd er T e rm.

The i n t e r c e p t  (A) o f  th e  r a t e  v s .  c u rv e  a t

z e ro  c o n c e n t r a t i o n  c o r r e s p o n d s  t o  th e  r e a c t i o n  o c c u r r in g  when 

none o f  t h i s  p r o d u c t  i s  p r e s e n t ,  and t h e r e f o r e  i t  r e f e r s  t o  

what h a s  p r e v i o u s ly  b een  m ea su re d  d i r e c t l y  a s  t h e  i n i t i a l  

r a t e .  The r a t e  law  g o v e rn in g  t h i s  i n i t i a l  s t a g e  h a s  b e e n  

shown t o  be

a [P e (C N ) g ^ ]

a t
85 [H h

+ - 1 0 - 3 '0 3  P ( I )  (3 ,2 [H a+ ]T  + [H+]

-•1M. m in"

a t  25°0  and  [OAc~] = 0 .0 3 3  M, ( s e e  p a g e 8I4 ) .

The c o n c e n t r a t i o n s  o f  t h i o s u l p h a t e  and  m e ta l  io n s  

( s u b s c r ip t  T) i n  t h i s  e x p r e s s io n  a r e  th o s e  o b ta in e d  a f t e r  

c o n s id e r in g  t h e  f o r m a t io n  o f  p o s s i b l e  io n  p a i r s ,  n o ta b ly  

NaS^O^" and  KBgO^”*. S in c e  r e a c t i o n  m ix tu r e s  c o n ta in e d  b o th  

sodium and p o ta s s iu m  io n  i t  i s  n e c e s s a r y  t o  c o n s id e r  t h e  

r e le v a n t  e q u i l i b r i a  f o r  t h e  tw o c a t io n s  s im u l ta n e o u s ly .



■les,

NaSgO^- Na'*' +

^ 2 ° 3 ~  ^  K+ + S2 O32 -

L et u s  a ssu m e , a s  u s u a l ,  t h a t  t h e  io n  p a i r  e q u i l i b r i a  a r e

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

sodium , t h i o s u l p h a t e  and  p o ta s s iu m  io n s  a r e  " a " ,  ’*b” and

"c" r e s p e c t i v e l y ,  and  t h e  am ounts o f  NaSoO “  and  KBoO “nL ^ d y
p r e s e n t  a t  e q u i l i b r iu m  a r e  ”x ” and  ”y ” r e s p e c t i v e l y  t h e n ,  f o r  

sodium  i o n .

a

o r  y  = b -  X -  — =— . . . .  ( l
( a  -  z )

and , f o r  p o ta s s iu m  io n

(c  -  y )
o r  X = b -  y  -  —----- —  . . . .  ( i i )

where r e f e r s  t o  th e  s t a b i l i t y  c o n s ta n t  o f  th e  io n  p a i r  

MS20 *̂" u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s ,  c a l c u l a t e d  a s  

d e s c r ib e d  on p a g e  8 0 . The t o t a l  d i v a l e n t  a n io n  (L^*") 

c o n c e n t r a t io n  ( s e e  a l s o  p ag e  79 ) was c o n s id e r e d  i n  th e  

p la c e  o f  t h i o s u l p h a t e .

E q u a t io n s  ( i )  and  ( i i )  w ere  s o lv e d  s im u l ta n e o u s ly  

fo r  X and y  by  a  m ethod  o f  s u c c e s s iv e  a p p ro x im a t io n s .  V a lu e s  

of X w ere  g u e s s e d  and  i n s e r t e d  i n t o  e q u a t io n  ( i )  i n  o rd e r  

to  c a l c u l a t e  y .  The r e s u l t  w as s u b s t i t u t e d  i n t o  e q u a t io n  ( i i )  

snd a  new v a lu e  f o r  x  d e r iv e d .  On th e  b a s i s  o f  t h i s  r e s u l t  

a b e t t e r  v a lu e  o f  x  w as g u e sse d  and  f e d  i n t o  e q u a t io n  ( i ) .

The i t e r a t i o n  w as r e p e a t e d  u n t i l  t h e  x  o b ta in e d  a t  t h e  end



1 0 9 .

o f th e  c a l c u l a t i o n  was c lo s e  t o  t h a t  p u t  i n .  The r e s u l t s  

a re  shov/n i n  t a b l e  3 3 .  I n i t i a l  r a t e s  w ere  c a l c u l a t e d  fro m  

th e  o v e r a l l  r a t e  e x p r e s s io n  shown above and  e x p e r im e n ta l ly  

o b se rv e d  r a t e s  a r e  com pared  a lo n g s id e .
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I t  i s  im m e d ia te ly  a p p a r e n t  t h a t  p r e d i c t e d  r a t e s  a r e  

q u i te  d i f f e r e n t  fro m  th o s e  o b se rv e d  e x p e r im e n ta l ly .  I n  tw o 

in s t a n c e s  k i n e t i c  r u n s  w ere  c a r r i e d  o u t w here  no  t e t r a e t h y l ­

ammonium io n  h ad  b e e n  ad d ed  and  i n  t h e s e  c a s e s  t h e  m ea su re d  

r a t e  s h o u ld  h av e  b e e n  p r e d i c t e d .  The o n ly  d i f f e r e n c e  i n  

e x p e r im e n ta l  c o n d i t i o n s  b e tw ee n  t h e  r u n s  u s e d  f o r  t h e  

d e r i v a t i o n  o f  t h e  k i n e t i c  e q u a t io n  ( s e e  t a b l e s  16 and 17 ) 

and th o s e  c a r r i e d  o u t i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  w h ic h  

has n o t  b e e n  ta k e n  i n t o  a c c o u n t ,  i s  t h e  h ig h e r  b u f f e r  

c o n c e n t r a t io n  i n  th e  l a t t e r  c a s e .  S in c e  a  good f i r s t  o rd e r  

p lo t  f o r  h y d ro g e n  io n  v/as o b ta in e d  ( g r a p h  U) i n  e x p e r im e n ts  

w ith  v a r i a b l e  a c id  b u t  c o n s ta n t  a c e t a t e  io n  c o n c e n t r a t i o n ,  

g e n e ra l  a c id  c a t a l y s i s  i s  th o u g h t  u n l i k e l y .  H ow ever, g e n e r a l  

base  c a t a l y s i s ,  t h a t  i s ,  a  r e a c t i o n  s t e p  i n v o lv in g  t h e  

c o n c e n t r a t io n  o f  a c e t a t e  i o n ,  c a n n o t be  r u l e d  o u t .  O th e r  

b a se s  m ig h t a l s o  n e e d  t o  b e  c o n s id e r e d .

I t  w as fo u n d  t h a t  t h e  t h i r d  o r d e r  r a t e  c o n s t a n t  f o r  t h e  

f i r s t  te rm  o f  t h e  r a t e  law  r e f e r r i n g  t o  t h e  i n i t i a l  r a t e  

was d e p e n d e n t on a c e t a t e  i o n  c o n c e n t r a t i o n ,  t h i s  d ep en d en ce  

b e in g  a s  f o l l o w s ,

k ,  =  3 8  +  1 4 0 0  [ q; .c“ ]

Table 3 4  com pares v a lu e s  f o r  k ^  c a l c u l a t e d  fro m  th e  above 

e x p re s s io n  w i th  th o s e  fo u n d  from  i n i t i a l  r a t e s ,  w h e re ,

k^  =

I n i t i a l  r a t e  -  10~3 ‘ °3  F ( I )  ( 3 . 2 [H a ^  + 2 3 .4 [E '^ ] )

Slid th e  v a lu e s  f o r  t h i o s u l p h a t e  and  m e ta l  io n  c o n c e n t r a t i o n
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a re  ' ' t r u e ” v a lu e s .

[o/ic-]

M.

1 ^3 ' p r e d i c t e d
M, ^ min*"^

^3
e x p e r im e n ta l  

M."’̂  min*'*'

0.033 84 8 5 O )

0.120 206 216(2)

0 .120 206 1 9 9 ( 3 :'

0.200 318 317(4)

(1) S ee  p a g e  84

(2) R e f e r  t o  t a b l e s 24  and  33

(3 ) R e f e r  t o  t a b l e s 27 and  33

(4 ) R e f e r  t o  t a b l e  1 0 . H ere  [Na'*’] ■ 
c o n s id e r e d  t o  b e  n e g l i g i b l e .

T h e re  i s  g e n e r a l  a g re em e n t b e tw e e n  e x p e r im e n ta l  and 

c a l c u l a t e d  v a lu e s  o v e r a  s i x f o l d  ra n g e  o f  a c e t a t e  io n  

c o n c e n t r a t i o n ,  iu i i o n i c  s t r e n g t h  te rm  f o r  t h e  a c e t a t e  

c a ta ly s e d  r e a c t i o n  h a s  n o t  b e e n  in c lu d e d  s i n c e  i t  was 

c o n s id e re d  t h a t  t h e  d a t a  w ou ld  n o t  b e  s u f f i c i e n t l y  s e n s i t i v e  

to  show any  t r e n d s  i n  t h i s  r e s p e c t .

T a b le  35  l i s t s  i n i t i a l  r a t e s  c a l c u l a t e d  f o r  th e  p r e s e n t  

s e r i e s  o f  e x p e r im e n ts  . ta k in g  i n t o  a c c o u n t th e  a c e t a t e  io n  

c o n c e n t r a t i o n .  The m ea su re d  v a lu e s  a r e  shown a lo n g s id e  f o r  

com parison  t o g e t h e r  v / i th  th e  r e m a in in g  v a r i a b l e s ,  t h a t  i s ,  

&ï(Et)^+] en d  [C l-j.

C o n s id e r a b le  d i s c r e p a n c y  s t i l l  e x i s t s  b e tw e e n  o b se rv e d  

and p r e d i c t e d  r a t e s  w hen e i t h e r  te tra e th y la m m o n iu m  o r  

c h lo r id e  io n  i s  p r e s e n t .  F o r  a  r e a c t i o n  o f  t h i s  c o m p le x ity  

i t  i s  th o u g h t  u n l i k e l y  t h a t  any  unam biguous r e s u l t  c an  b e  

o b ta in e d  fro m  so  few  k i n e t i c s  e x p e r im e n ts ,  s i n c e  in v o lv e m e n t
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o f t h e  tv/o io n s  i n  q u e s t io n  i s  p o s s i b l e  i n  any  o f  t h e  t h r e e  

r e a c t i o n  s t e p s  p ro p o s e d .

T a b le

[N(Et)j^+] [c i - ]
P r e d ic t e d ^
r a t e  X 10^ 

^ > 1
M. min~

O bserved  
r a t e  X 10 

—1M, m ln“M. M.

- - 8 .3 4 8 .7 4

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

0 ,159 0 .4 7 6 0 ,3 3 0 .6 7

- - 8 .2 5 8 .2 3

0 .119 0 .3 5 7 1 .2 5 3 .0 2

0 .159 0 ,4 7 6 0 .3 5 1 .0 5

0 ,017 0 ,0 5 0 1 1 .8 6 2 2 .8 2

0 .027 0 .0 4 0 3.38 1 2 .0 9

0 .030 0 .0 3 7 1 .3 9 4 .3 2

o f  th e  " F i r s t ” and "S eco n d ” O rd e r T erm s.

Owing t o  t h e  l a r g e  num ber o f  v a r i a b l e s  p r e s e n t  i n  th e  

r e a c t io n  m ix tu r e s  i t  i s  u n l i k e l y  t h a t  any  c o r r e l a t i o n s  

betw een k i n e t i c  r u n s  w i l l  b e  m e a n in g fu l ,  how ever a  num ber o f  

c o n c lu s io n s  may b e  draw n r e g a r d i n g  i n d i v i d u a l  e x p e r im e n ts  

where a lm o s t  a l l  t h e s e  v a r i a b l e s  a r e  c o n s t a n t .  The t h i o s u l p h a t e  

c o n c e n tr a t io n  w as r e g a r d e d  a s  c o n s ta n t  d u r in g  t h e  c o u rs e  o f  

a k i n e t i c  r u n .  The " f i r s t ” and  ’’seco n d "  o rd e r  te rm s  o f  

the q u a d r a t i c  r a t e  e x p r e s s io n ,

a [P e (C N )^  ^ = A + B [ S ^ 0 g 2 - ]  + C ^

sre c o n s id e r e d  t o  r e f e r  t o  th e  t e t r a t h i o n a t e  c a t a l y s e d  p a r t  

of th e  r e a c t i o n ,  o b s e r v a b le  once th e  r e a c t i o n  i s  u n d e r  w ay.
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I t  m ust b e  rem em bered  t h a t  t h i s  r e l a t i o n s h i p  i s  p u r e l y  a  

m a th e m a tic a l  one w here  r e f e r s  t o

& ( |P e(C N )^^  -  [Fe(C N )g^""j) w here  [Fe(C N )^^"’]  ^ i s  th e

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

I f  t h e  p r o p o s a l s  o f  B a ts to n e  (1 3 )  a r e  a d o p te d  t o  

e x p la in  t h e  t e t r a t h i o n a t e  c a t a l y s e d  s t e p ,  th e  f o l lo w in g  

o v e r a l l  r a t e  law  i s  e x p e c te d :

d ( P e ( C N ) .M  _

"   7 t  -----  = + k  [P e (C N )g 3 -][8 ^ 0 g  - ]

However, s in c e

[pe(C N )g3 -J = [p e (C N )g 3 -]^  -  2 [s^O g^-]

th e  e q u a t io n  becom es

a [P e (C N )^ 3 - l
= A + k  [P e(C N )g3 -] J S j ,O g ^ - ]

2 -1 2-  2 k[ŝ Og “J

r 2~ -It h a t  i s ,  a  se c o n d  d e g re e  p o ly n o m ia l  i n  j  a s  fo u n d

d u r in g  th e  p r e s e n t  i n v e s t i g a t i o n s ,  w here  B = k  [Fe(CiT)^^'"J ^ 

and C = -  2 k .  C o n s e q u e n tly ,  i f  t h e  r a t e  law  i s  c o r r e c t ,  

a c e r t a i n  r e l a t i o n s h i p  b e tw e e n  B and C m ust h o ld ,  n am ely :

[P e (C U )g 3 -]^

T able 3b  c o m p a re s , f o r  i n d i v i d u a l  r u n s ,  c a l c u l a t e d  C v a lu e s

from e x p e r im e n ta l ly  d e r iv e d  B v a lu e s  w i th  t h e  c o e f f i c i e n t

[ 2 —1 28^0^ J  o b ta in e d  b y  p o ly n o m ia l  r e g r e s s i o n  on r a t e -  

c o n c e n tr a t io n  d a t a .

The a g re e m e n t b e tw e e n  o b se rv e d  and  c a l c u l a t e d  v a lu e s  

fo r  C i s  c o n s id e r e d  t o  b e  good and  t h i s  s u p p o r t s  th e  r a t e  

law s u g g e s te d  b y  B a t s to n e .
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T ab le 36.

B
min~^

[P e (C N )g ^ '-J^  X 110  ̂
M.

C a lc u la t e d  G 
min"^

O b serv ed  C

0 ,1 3 6 1 .0 0 -  272 -  264

0.081 1 .0 0 -  162 -  134

0.021 1 .0 0 -  42 -  3 4

0.111 2 .0 0 -  I l l -  80

0 .035 2 .0 0 -  35 -  20

0 .016 2 .0 0 -  16 -  10

0 .168 1 .3 3 -  253 -  286

0 .0 7 5 1 .3 3 -  113 -  116

0,060 1 .3 3 -  90 -  82

T h ese  f i n d i n g s  m ust be  c o n s id e r e d  a lo n g  w i th  o th e r  

e v id e n c e , A p o s s i b l e  m echanism  w h ic h  h a s  a l r e a d y  b e e n  

d is c u s s e d  i n  c o n n e c t io n  w i th  th e  r a d io c h e m ic a l  a n a l y s i s  o f  

p ro d u c ts  i s  t h a t  c a t a l y s i s  may b e  due t o  th e  r e a c t i o n  o f  

t h io s u lp h a t e  w i t h  t e t r a t h i o n a t e ,  o r  m ore c o r r e c t l y ,  

p o l y th io n a te ,  f o l lo w e d  by  a  re m o v a l o f  s u l p h i t e  by  f e r r i  c y a n id e  

io n . Such  a  r e a c t i o n  w ould  have  t o  in v o lv e  t h i o s u l p h a t e  i n  

th e  r a t e  e x p r e s s io n ;  how ever th e  e x p e r im e n ta l  c o n d i t i o n s  

were n o t  s u i t a b l e  t o  a r r i v e  a t  a  c o n c lu s io n  i n  t h i s  r e s p e c t .

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

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

in s ta n ta n e o u s  a s  o r i g i n a l l y  th o u g h t .  I n  th e  l i m i t i n g  c a s e  

i f ,  ov/ing t o  t h e  low  c o n c e n t r a t i o n  p r e s e n t ,  t h e  l a t t e r  

p ro c e ss  i s  s lo w  r e l a t i v e  t o  t h e  r a t e  o f  p r o d u c t io n  o f

s u lp h i te ,

S2O32- + 8^0g2-  830^2- + SO32-

S O 3 2 -  +  p e ( C K ) g ^ — Pe( CN) g^“  +  S 0 j ^ 2 -
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th en .

R ate = k '  [ S 2 p 3 ^ “ J [ S i ^ 0 g 2 - ] [ P e ( c N ) g 3 - ]

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

c o n s ta n t  t h i o s u l p h a t e  io n  c o n c e n t r a t i o n .  The s t o i c h e i o m e t r i c  

e q u a t io n  f o r  t h e  c a t a l y s e d  r e a c t i o n  w i l l  be  g iv e n  by

+ R e (C N )g 3 -  > + 8 0 ^ 2 -  + pe(C N )g^ "

v/here t e t r a t h i o n a t e  c o u ld  b e  r e p l a c e d  by  any  p o l y th i o n a t e

s p e c ie s ,  s u c h  a s  t h e  one fo rm ed  i n  th e  s p e c i f i c  r e a c t i o n

shown a b o v e . I n  t h e  c a l c u l a t i o n  o f  t h e  c o e f f i c i e n t s  A , B

and C i t  w as assum ed t h a t  t h e  l o s s  o f  tv/o m o les  o f  f e r r i c y a n i d e

io n  l e d  t o  t h e  f o r m a t io n  o f  one m ole o f  t e t r a t h i o n a t e .

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

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

n o t c a u se  an  i n c r e a s e  i n  t h e  am ount o f  t e t r a t h i o n a t e  p r e s e n t ;

i t  w i l l  n o t  d e p l e t e  t h e  t o t a l  p o l y t l i io n a t e  c o n c e n t r a t i o n
2-e i t h e r .  I n s t e a d ,  th e  s p e c i e s  w i l l  b e  q u a n t i t a t i v e l y

2—c o n v e rte d  t o  w h ic h , t o  a l l  i n t e n t s :  an d  p u r p o s e s ,

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

The o n ly  s o u rc e  o f  t e t r a t h i o n a t e  i s  t h e  p r im a ry  r e a c t i o n .  

S ince t h i s  i s  o f  z e r o  o r d e r  w i th  r e s p e c t  t o  f e r r i c y a n i d e  

ion and s in c e  pH an d  a r e  r e g a r d e d  a s  c o n s t a n t  d u r in g ,

the  c o u rs e  o f  a  k i n e t i c  r u n  t h e n ,  a f t e r  a  t im e  t  m in s , t h e  

r a te  o f  t h e  s a i d  p r o c e s s  w i l l  b e  g iv e n  by  t h e  i n i t i a l  r a t e ,  

and th e  am ount o f  t e t r a t h i o n a t e  fo rm ed  may b e  fo u n d  f ro m ,

= 4  A t  M.

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

a s  s u p p o r te d  by  t h e  r e s u l t s  i n  t a b l e  3 6 ,
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th e n  t h e  e x p e r im e n ta l  d a ta , f o r  i n d i v i d u a l  r u n s  o u g h t t o  be  

s a t i s f i e d  when ] i s  c a l c u l a t e d  o n ly  from  t h e  i n i t i a l

r a t e .  An e x p e r im e n t  w as s e l e c t e d  w here  th e  f i t  t o  t h e  

q u a d r a t ic  r a t e  law  \ /a s  good and th e  c a l c u l a t e d  C v a lu e  

m atched t h e  o b s e rv e d  ( s e e  t a b l e  3 6 ) ,  The k i n e t i c  r u n  c h o se n  

i s  t h a t  shown i n  t a b l e  24  and  th e  r e l e v a n t  d a ta  a r e  l i s t e d  

in  t a b l e  3 7 .

A = B = [F e (C N )^ ^ '] ;  k R a te  - 0 .8 F X  t! 
A B

Time 10^ A 10^ B ■10® A B 10^ R a te k

(m ins) M. M. M.2 M. min"'* M.~1

0 0 1 .0 0 0 0 0 .8 7 -

k 0 .1 7 0 .9 5 8 1 ,6 3 1 . 0 6 117

8 0 .3 5 0 ,9 0 5 3 .1 7 1 .4 2 174

12 0 .5 2 0 .8 3 2 4 .3 3 1 ,8 5 226

16 0 .7 0 0 .7 4 5 5 .2 2 2 .2 0 255

20 0 .8 7 0 ,6 4 6 5 .6 2 2 .41 274

24 1 , 0 5 0 .5 4 0 5 .6 7 2 .5 4 295

28 1 .2 2 0 .4 2 9 5 .2 3 2 .5 8 327

32 1 .4 0 0 .321 4 .4 9 2 .5 0 363

36 1 .5 7 0 ,2 1 5 3 .3 8 2 .3 2 429

- 5

-1i

The i n c o n s i s t e n c y  i n  k  s u g g e s t s  t h a t  t h e  c a l c u l a t i o n  

of fro m  th e  i n i t i a l  r a t e  a lo n e  d o e s  n o t  r e p r e s e n t  t h e

tru e  s i t u a t i o n .  I n  f a c t  a  som ewhat h ig h e r  c o n c e n t r a t i o n  th a n  

th a t  shown above  i s  r e q u i r e d  i n  th e  l a t e r  s t a g e s  o f  th e  

r e a c t io n .

A m echanism  w h ic h  i s  p ro p o s e d  m ust in v o lv e  a  m ethod 

whereby s u l p h a t e  i s  p ro d u c e d , a l th o u g h  t h e  am ount may b e



1 18 .

q u i te  s m a l l .  The p r im a ry  r e a c t i o n  c a n n o t be  c o n s id e r e d  a s  t h e  

so u rc e  s in c e  t e t r a t h i o n a t e  io n  m ust i n  some way be  fo rm ed  

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

th e  l a t t e r  s p e c i e s  was o r i g i n a l l y  p r e s e n t  a s  an  im p u r i ty .

T his p o s s i b i l i t y  i s  c o n s id e r e d  d o u b t f u l  b e c a u s e  o f  th e  h ig h  

q u a l i ty  r e a g e n t s  u s e d  i n  t h i s  w o rk . The r a d io c h e m ic a l  a n a l y s i s  

fo r  s u lp h a te  w as c o n s i s t e n t  w i th  a  m echanism  in v o lv in g  

s u lp h i te  a s  i n t e r m e d i a t e  how ever i t  i s  c o n c e iv a b le  t h a t  

t h i s  r o u t e  may c o r re s p o n d  t o  o n ly  a  s m a ll  f r a c t i o n  o f  t h e  

observed  c h a n g e . I n  f a c t ,  so  f a r  we have  c o n s id e r e d  

n u m e r ic a l ly  tw o  l i m i t i n g  s i t u a t i o n s ;  one w here  n o  s u lp h a te  

i s  fo rm ed  and  one w here  o n ly  s u lp h a te  i s  fo rm ed  a s  a  r e s u l t  

of th e  t e t r a t h i o n a t e  c a t a l y s i s .

I t  may b e  a rg u e d  t h a t  s i n c e  f o r  r a d io c h e m ic a l  w ork  

the  amount o f  f e r r i c y a n i d e  u s e d  w as n e a r l y  50  t im e s  t h a t  

p re s e n t  f o r  t h e  e x p e r im e n t  u n d e r  c o n s i d e r a t i o n ,  th e  

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

known t o  b e  o f  f i r s t  o r d e r  w i th  r e s p e c t  t o  f e r r i c y a n i d e  i o n ,  

w il l  be  r e d u c e d  c o r r e s p o n d in g ly ,  h e r e .  T h is  i s  e v id e n c e  

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

s u lp h a te , w h ic h  th e  p r o d u c t  a n a l y s i s  show ed t o  b e  i n  th e  

reg io n  o f  2 0 ^ , may b e  v e r y  s m a l l  in d e e d  i n  th e  k i n e t i c  w ork  

and th e  m a jo r  c a t a l y t i c  change c o u ld  l e a d  t o  t h e  p ro d u c tio n !  

of t e t r a t h i o n a t e ,  a s  o x i d a t i o n  p r o d u c t ,  b y  some o th e r  r o u t e .  

Thus th e  "v/or k in g "  t e t r a t h i o n a t e  c o n c e n t r a t i o n  w i l l  

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

of th e  c o e f f i c i e n t s  A , B and  C, and  t h e  r a t e  law  p ro p o s e d  

hy B a ts to n e  f o r  th e  c a t a l y t i c  r e a c t i o n  i s  s a t i s f a c t o r y .
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GENERAL DISCUSSlON^

Some p r o p e r t i e s  o f  th e  t h i o s u l p h a t e  io n  i n  i s o l a t i o n  

and th e  f i n d i n g s  on  t h e  f e r r i c y a n i d e - t h i o s u l p h a t e  r e a c t i o n  

a v a i l a b l e  t o  d a te  w ere  r e v ie w e d  i n  th e  i n t r o d u c t i o n .

E x p e r im e n ta l  d a ta  h a s  b e e n  u s e d  t o  d e r iv e  a  

m a th e m a tic a l  e x p r e s s io n  i n  t h e  fo rm  o f  a  r a t e  e q u a t io n  

en co m p assin g  a s  many v a r i a b l e s  of: t h e  r e a c t i n g  sy s te m  a s  

p o s s i b l e ,

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

found t o  in v o lv e  tw o d i s t i n c t  p r o c e s s e s ,  t h e  f i r s t ,  p r o c e e d in g  

in  th e  a b s e n c e  o f  any  p r o d u c t s  w h i l s t  t h e  s e c o n d , w h ic h  i s  

dom inant i n  t h e  l a t e r  s t a g e s  o f  r e a c t i o n  in v o lv e s  t h e  

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

The I n i t i a l  S t a g e s  o f  R e a c t io n o

The i n i t i a l  r a t e  h a s  b e e n  shown t o  f i t  t h e  f o l lo w in g  

r a t e  e x p r e s s io n ;

3--
a [ F e (CN)g ] ^  ^  + 3 7 [qAc~ ] )

+ k '  ( p a + ]  + 7 . 3 [k+ ] ) 2 “3

where k ’ i n c o r p o r a t e s  th e  i o n i c  s t r e n g t h  te rm  p r e d i c t e d  

by th e  B r / i i s t e d  t h e o r y .  The c o r r e s p o n d in g  te rm  f o r  t h e  a c e t a t e  

c a ta ly s e d  r e a c t i o n  h a s  n o t  b e e n  c o n s id e r e d  i n  th e  d e r i v a t i o n  

of th e  e x p r e s s io n  s in c e  t h e  k i n e t i c s  r e s u l t s  w ere  n o t  

s u f f i c i e n t l y  s e n s i t i v e  t o  p e rm i t  th e  n e c e s s a r y  c a l c u l a t i o n .

The a c t i v a t i o n  e n e r g i e s  c o n n e c te d  w i th  k  and  k* a r e  1 6 .8  

and 1i7.9 E c a l/m o le  r e s p e c t i v e l y .  The s o lv e n t  i s o t o p e  e f f e c t  

I s  c o n s i s t e n t  w i t h  b e in g  one o f  th e  r e a c t i n g  s p e c ie s

in  th e  m echanism  c o n n e c te d  w i th  th e  f i r s t  te rm  o f  t h e  r a t e
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é q u a t io n .

The d e p en d e n ce  o f  r a t e  on f e r r i c y a n i d e  c o n c e n t r a t i o n  

i s  o f  z e r o  o r d e r  and  f o r  t h i s  r e a s o n  th e  r e a c t i o n  i s  u n iq u e  

in  th e  f i e l d  o f  r e d o x  sy s te m s  in v o lv in g  t h i o s u l p h a t e  w h e re , 

i n v a r i a b l y ,  t h e  o x i d i s in g  a g e n ts  c o n s t i t u t e  a  te rm  i n  t h e  

r a t e  e x p r e s s io n .  The i m p l i c a t i o n  i s  t h a t  t h i o s u l p h a t e  

u n d e rg o e s  a  s p o n ta n e o u s  r a t e  d e te rm in in g  ch an g e  i n  th e  

b u f f e r e d  medium so  a s  t o  f a c i l i t a t e  s u b s e q u e n t  e l e c t r o n  

rem oval by  f e r r i c y a n i d e .

T h io s u lp h a te  r e a d i l y  decom poses i n  a c id  s o l u t i o n  and  

w i l l  ex ch an g e  oxygen a tom s w i th  s o lv e n t  w a te r .  The m echanism s 

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

and s in c e  th e y  c o n s t i t u t e  tw o o u t t h e  t h r e e  p o s s i b l e  

sp o n ta n e o u s  c h a n g e s  w h ic h  t h i o s u l p h a t e  c a n  u n d e rg o  i n  

a c i d i f i e d  s o l u t i o n  ( t h e  t h i r d  p o s s i b i l i t y  b e in g  h y d ro g e n  io n  

exchange b e tw e e n  p r o to n a t e d  fo rm s and  w a t e r ) ,  i t  i s  deem ed 

w o rth w h ile  t o  r e v ie w  th e  a v a i l a b l e  i n f o r m a t io n .

The A c id C a ta l y se d  D ecp m p p sib io n  o f  T h io s u lp h a te ,

The f o r m a t io n  o f  s u lp h u r  a s  a  p ro d u c t  o f  tn e  

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

been o f  i n t e r e s t  t o  c o l l o i d  c h e m is ts ,  how ever v e ry  few  o f  

th e s e  w id e ly  r e p o r t e d  i n v e s t i g a t i o n s  sh e d  l i g h t  on t h e  

m echanism o f  t h e  r e a c t i o n .

A k i n e t i c  i n v e s t i g a t i o n  was c a r r i e d  o u t b y  La Mer and  

cow orkers ( 4 0 ) .  The m easu rem en ts  w ere  made by  o b s e rv in g  

s c a t t e r e d  l i g h t  a t  400 mu. S in c e  t h e  c o n c e n t r a t i o n  o f  s u lp h u r  

r e q u ir e d  t o  be  p r e s e n t  i n  s o l u t i o n  b e f o r e  d i s c r e e t  p a r t i c l e s  

may be o b s e rv e d  (3 .1  X 10”"^ g ,  a tom s S / l i t r e )  i s  know n, th e  

time r e q u i r e d  f o r  t h e  " T y n d a l l"  beam t o  a p p e a r  was u s e d  a s  a  

measure o f  t h e  i n i t i a l  r a t e  o f  p r o d u c t io n  o f  t h e  e le m e n t .
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The m ea su re m e n ts  r e f e r r e d  t o  an  e x tr e m e ly  s m a ll  p e r c e n ta g e  

o f r e a c t i o n  w here  th e  p r o d u c t s  a r e  e x p e c te d  t o  b e  s u l p h i t e  

io n  and  e le m e n ta l  s u lp h u r^  The r e a c t i o n  i s  a l s o  e x p e c te d  

to  be  f r e e  fro m  t h e  c o m p l ic a t io n s  w h ic h , i n  t h e  l a t e r  s t a g e a  

p ro d u ce  num erous p o l y t h i o n a t e s .

The i n i t i a l  r a t e  o f  p r o d u c t io n  o f  s u lp h u r  w as g iv e n

by:

â i U  = k

and was e x p la in e d  b y  th e  f o l lo w in g  m echanism :

H SgO p + [H SgO j.SgO j

 - 2 - 4  8 0 ^ ^ -  + H s o p  + 2 8

Tm ere, a t  a n  i o n i c  s t r e n g t h  o f  0 .0 1 6 ,  k .  = 0 .3 1  M,“ "' m in
—1and k g  r= 0 ,1 4  m in~ , No a c t i v a t i o n  p a ra m e te r s  w ere  d e te rm in e d  

in  t h i s  c a s e .

The r a t e  o f  p r o d u c t io n  o f  s u l p h i t e  w as m easu red  

t i t r i m e t r i c a l l y  an d  w as fo u n d  t o  obey  th e  f o l lo w in g  r a t e  law :

. . [ s , 03- L [ h * ]
d t  ^

These k i n e t i c s  r e s u l t s ,  w ere  c o n firm e d  by  D a v is  (41 ) who 

e x p la in e d  them  on t h e  b a s i s  o f  t h e  f o l lo w in g  r e a c t i o n  schem e:

H8gO^- + + 8 0 ^ ^ “

H 8-0 -  + Sj,0,^"  > HS^O^- + 8 0 j 2 -

f i n a l l y  HSgO ~  >  Sg + HSO^“  + S 0^^“
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The v/ork o f  La Mer and  o f  D a v is  w as c r i t i c i s e d  by  

AgSLTwala and  c o w o rk e rs  ( 4 2 ) ,  By c o n s i d e r i n g  t h e  n a t u r a l  

abundance  o f  t h e  i s o t o p e s  and  th e y  i n v e s t i g a t e d  t h e  

k i n e t i c  i s o t o p e  e f f e c t  on t h e  r e a c t i o n .  T h e i r  f i n d i n g s  w ere  

in  f a v o u r  o f  a  b im o le c u la r  m echanism  w i th  r e s p e c t  t o  

t h io s u lp h a t e ;

2 8 ^ 0 ^ ^ [SO^ S . . . . 3 . . . , S 0 j ] ^ “ -----^ 2 S0^^“ + S

w here , i n  th e  t r a n s i t i o n  s t a t e  one o f  th e  t h i o s u l p h a t e  

m o le c u le s  l o s e s  a  s u lp h u r  atom  t o  th e  o t h e r ,  t h e  s u lp h u r -  

s u l p h i t e  b o n d  o f  t h i s  se c o n d  m o le c u le  b r e a k in g  s im u l t a n e o u s ly .

S in c e  t h e  a u th o r s  do  n o t  c o n s id e r  t h a t  p r o t o n a t i o n  o f  

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

a c t i v a t e d  co m p lex , o r  a  s p e c i e s  fro m  w h ic h  t h e  a c t i v a t e d  

com plex w i l l  b e  d e r i v e d ,  h a s  t h e  s t r u c t u r e :

0 0 3 -
1 I

HO  S . . . . S . . . . S . . . . S ----- 0 ..........  ( i )

I I
b  0

where th e  s u lp h u r - s u lp h u r  b o n d s w i l l  b e  e x te n d e d  t o  g r e a t e r  

th a n  th e  n o rm a l s i n g l e  bond l e n g t h .

I t  w as a rg u e d  t h a t  t h e  m echanism s p r e s e n te d  b y  th e  

p re v io u s  tw o  a u th o r s  a r e  i n v a l i d  on t h e  b a s i s  o f  p r e d i c t i n g  

an i s o to p e  e f f e c t  n o t  o b s e rv a b le  e x p e r im e n ta l ly .  F o r  th e  

pu rp o se  o f  t h i s  d i s c u s s i o n ,  w here  o n ly  th e  i n i t i a l  s t a g e s  o f  

th e  m echanism  c o u ld  b e  o f  im p o r ta n c e  ( s i n c e  on c o m p le t io n ,  

su lp h u r  i a  p ro d u c e d  and  no  e v id e n c e  o f  c o l l o i d a l  s u lp h u r  was 

found i n  f e r r i c y a n i d e - t h i o s u l p h a t e  m i x t u r e s ) ,  a l l  m echan ism s 

p ropose  t h e  e x i s t e n c e  o f  a t  l e a s t  s t r u c t u r e  ( i ) ,  o r  ev en  a  

B pecies w i t h  8 -8  b o n d s f u l l y  made a s  was p o s s i b l y  v i s u a l i s e d
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by La M er.

.%%.QmÜEhate.._ma. -Water..
18The exchange  o f  0 b e tw ee n  t h i o s u l p h a t e  io n  and  w a te r  

has b e e n  m ea su re d  a t  60 -  100^C and  pH 5 ,3  -  6 ,5  ( 4 3 ) .  The 

r a t e  w as fo u n d  t o  be  o f  f i r s t  o rd e r  w i th  r e s p e c t  t o  

t h io s u lp h a t e  and  o f  f i r s t  o rd e r  w i th  r e s p e c t  t o  h y d ro g e n  

io n :

2-

G e n era l a c i d  c a t a l y s i s  was n o t  o b s e rv e d , n o r  was t h e  r e a c t i o n  . 

c a t a ly s e d  b y  c h l o r i d e  i o n s .  The r a t e  c o n s t a n t ,  v /h ic h  w as o f  

th e  o r d e r  o f  1200 M,  ̂ m in  ̂ a t  8 0 ^ 0 , w as in d e p e n d e n t  o f  

io n ic  s t r e n g t h  o v e r  t h e  r a n g e  I  = 0 .01  -  0 .0 4  and  one 

m easurem ent above  an  i o n i c  s t r e n g t h  o f  1 .  The e x ch an g e  w as 

f a s t e r  i n  Dg,0 t h a n  i n  H^O w i th  g /k ^  g = 0 .6 3  and  th e  

a c t i v a t i o n  e n e rg j  was 1 3 ,4  K c a l/m o le .

The l a c k  o f  an  e f f e c t  o f  i o n i c  s t r e n g t h  on r a t e  i s  n o t  

c o n s i s t e n t  w i t h  t h e  r a t e  e q u a t io n .  A c c o rd in g  t o  th e  B r / n s t e d  

th e o ry  f o r  t h e  f o r m a t io n  o f  a  s i n g l y  c h a rg e d  a c t i v a t e d  co m p lex , 

p re su m ab ly  HSgO^”  from  H"*” and  th e  r a t e  c o n s ta n t  k

fo r  a  r e a l  sy s te m  i s  r e l a t e d  t o  t h a t  u n d e r  i d e a l  c o n d i t i o n s

(ko) ■by:

f  2
k  _  k ^  f g

Where f. ,̂ and  f^ , d e n o te  a c t i v i t y  c o e f f i c i e n t s  f o r  s i n g l y  and 

doubly  c h a rg e d  io n s  r e s p e c t i v e l y .  H ence ,

lo g  k  = lo g  k ^  -  2 .0 2  P ( l )

In  o th e r  w ords a  g ra p h  o f  l o g  k  v s .  P ( l )  s h o u ld  h ave  a  s lo p e
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of - 2 ,0 2 ,  T h is  i s  n o t  s o .  The a u th o r s  a rg u e d  t h a t  t h i s  may 

in  p a r t  be  due t o  th e  b reakdow n o f  th e  D eb y e-H u ck e l l i m i t i n g  

law  a t  th e  i o n i c  s t r e n g t h s  e n c o u n te re d  e x p e r im e n ta l ly .  Even 

i f  t h i s  i s  s o ,  a  r e t a r d a t i o n  o f  r a t e  w i th  i n c r e a s e  i n  i o n i c  

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

a t  su c h  low  i o n i c  s t r e n g t h s .

P e rh a p s  t h e  m ost s e r i o u s  sh o r tc o m in g  o f  t h i s  

i n v e s t i g a t i o n  i s  th e  u s e  o f  u n b u f f e r e d  r e a c t i o n  m ix tu r e s  f o r  

some c r i t i c a l  e x p e r im e n ts ,  su c h  a s  th e  d e te r m in a t io n  o f  th e  

o rd e r  w i th  r e s p e c t  t o  t h i o s u l p h a t e .  I t  i s  d i f f i c u l t  t o  

im ag ine  t h a t  th e  pH o f  t h i o s u l p h a t e  s o l u t i o n s  a t  v a r io u s  

c o n c e n t r a t i o n s  w i l l  b e  c o n s t a n t  ev en  th o u g h  th e y  may h ave  

been  p r e p a r e d  c a r e f u l l y  from  h ig h  q u a l i t y  r e a g e n t s .  The 

p r o to n a t io n  e q u i l i b r iu m

w i l l  t e n d  t o  rem ove h y d ro g e n  io n s  a t  h ig h e r  t h i o s u l p h a t e  

c o n c e n t r a t io n  w h i l s t  t h e  g r e a t e r  i o n i c  s t r e n g t h  o f  th e  medium 

w i l l  m o d ify  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  w a te r  (Kw) a c c o rd in g  

to

lo g  Kw = -  iU  -  1 ,01  P ( l ) .

A lth o u g h  t h i s  d i f f i c u l t y  w as acknov /ledged  by  th e  a u th o r s  

i t  i s  h a rd  t o  b e l i e v e  t h a t  t h e  a c t u a l  pH may b e  c a l c u l a t e d  

from  th e  tw o c o n s i d e r a t i o n s  g iv e n  ab o v e ,

A m echanism  v /h ich  i s  c o n s i s t e n t  w i th  t h e  p ro p o se d  r a t e  

e q u a t io n  in v o lv e s  t h e  a t t a c k  o f  w a te r  on th e  c e n t r a l  s u lp h u r  

atom i n  a n  SN2 ty p e  r e a c t i o n .



126

0 O'

H„0 + S ----- OH — — ^   S ------ OH

-/ \  y  \
f a s t

f
0 O'

HO S <------------  HO —  S ------0H^ +

_ /  \ .  . /  \
S 0

T u rn in g  now t o  c o n s id e r  th e  m ed ian ism  o f  th e  i n i t i a l

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

te rm  o f  t h e  r a t e  e q u a t io n  s u g g e s ts  a  r e a c t i o n  b e tw e e n  th e
— 2—two s p e c i e s  HSgO^"" and , g r e a t l y  a c c e l e r a t e d  i n  th e

p re s e n c e  o f  c a r b o x y la te  i o n .  Com plex f o r m a t io n  b e tw e e n  th e  

two r e a c t a n t s  h a s  b e e n  p ro p o s e d  a s  th e  r a t e  d e te r m in in g  

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

io n .  A p a th w ay  i n v o lv in g  su c h  an  i n t e r m e d ia t e  c o u ld  b e  

im p o r ta n t  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .

HS2 O3 -  4. SgO jZ -

2  F q (C N ).3 -
I ^

f a s t  s t e p  
o r ^ t e p s

A cco rd in g  t o  La Mer (I4.0 ) t h e  seco n d  o r d e r  r a t e  c o n s ta n t  

f o r  th e  f o r m a t io n  o f  th e  com plex  io n  from  HSgO^ and  820^  

i s  0 ,31  imin"***, T h is  v a lu e  was c a l c u l a t e d  a ssu m in g
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0.01  M. t o  b e  t h e  d i s s o c i a t i o n  c o n s ta n t  f o r  

t h a t  i s ,

0.01  =
[HS203 -  ]

No a d ju s tm e n t  was made f o r  t h e  i o n i c  s t r e n g t h  o f  th e  m edium , 

b u t s i n c e  t h i s  w as k e p t  c o n s ta n t  th ro u g h o u t  th e  i n v e s t i g a t i o n ,  

t h i s  d o e s  n o t  c o n s t i t u t e  an  e r r o r .  H ence ,

and

The t h i r d  o r d e r  r a t e  c o n s ta n t  com pares m ost f a v o u r a b ly  w i th  

a  v a lu e  o f  38 M, ^ m in  ̂ c a l c u l a t e d  f o r  t h e  f i r s t  te rm  o f  th e  

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

in  th e  a b se n c e  o f  c a r  boxy  l a t e  io n  ( s e e  p a g e  111). The v a lu e  

i s  in d e p e n d e n t  o f  i o n i c  s t r e n g t h .

No a c t i v a t i o n  p a ra m e te r s  o r  s o lv e n t  i s o to p e  e f f e c t  

d a ta  a r e  a v a i l a b l e  f o r  t h e  a c id  c a t a ly s e d  d e c o m p o s it io n  o f  

t h io s u lp h a t e  i o n .

A c c o rd in g  t o  La Mer and c o w o rk e rs  t h e  i n t e r m e d ia t e  

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

o rd e r  r a t e  c o n s t a n t  f o r  d e c o m p o s itio n  b e in g  0 .1 U m in ' ,  T h is  

c o rre s p o n d s  t o  a  h a l f  l i f e  o f  some 3 m in u te s .  A g a rw a la  and  

cow orkers (U 2 ), on th e  o th e r  h a n d , f a v o u r  a  f o u r  c e n t r e d  

r e a c t i o n  w i t h  sy n c h ro n o u s  c le a v a g e  o f  tw o S-SO^ b o n d s and  t h e  

fo rm a tio n  o f  an  Sg m o le c u le .  The n a tu r e  o f  t h e  i n t e r m e d i a t e  

sh o u ld  e x p la in  g e n e r a l  b a s e  c a t a l y s i s ,  t h a t  i s ,  t h e  p r e s e n c e  

of a n io n s  s h o u ld  f a v o u r  t h e  f o r m a t io n  o f  th e  s p e c i e s .  I f  

s u lp h u r - s u lp h u r  b o n d s  a r e  fo rm ed  b e tw e e n  tw o t h i o s u l p h a t e  

io n s  th e y  may b e  a  r e s u l t  o f  o v e r la p  o f  f i l l e d  p | |  o r b i t a l s
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on one s u lp h u r  w i t h  th e  em pty dl* o r b i t a l s  o f  t h e  o t h e r ,  t h i s  

ty p e  o f  b o n d in g  b e in g  f r e q u e n t l y  fo u n d  b e tw e e n  s u lp h u r  and  

oxygen a tom s (W i) . U nder such, c i r c u m s ta n c e s  t h e  e l e c t r o n  

d o n a tin g  atom  w i l l  a q u i r e  a  p a r t i a l  p o s i t i v e  c h a rg e  and  i t  

co u ld  b e  c o n c e iv e d  t h a t  a n io n s  w i l l  a c t  so  a s  t o  s t a b i l i s e  

th e  c h a rg e  th u s :

QAc

e n h an c in g  t h e  s t a b i l i t y  o f  t h e  com plex  and r e s u l t i n g  i n  t h e  

o b se rv ed  c a t a l y s i s .  I f  t h i s  i s  s o ,  t h e  a d d i t i o n  o f  a n io n s  

sh o u ld  a l s o  h av e  th e  e f f e c t  o f  r e d u c in g  t h e  r a t e  o f  

d e c o m p o s itio n  o f  t h i o s u l p h a t e  i n  a c id  s o l u t i o n .

An in te r m e d i a t e  o f  t h e  ty p e  p ro p o s e d  by  La Mer i s  

c l e a r l y  p r e f e r r e d  i n  t h i s  d i s c u s s i o n .  The o x id a t io n  o f  th e  

complex b y  f e r r i c y a n i d e  w i l l  b e  f a s t

^  H Pe(CN )g3- + S^Og^"

3 -  . 3 -  '

Pe(G N )g^“  + K3^0g‘

the s u lp h u r  c o n ta in i n g  s p e c ie s  fo rm ed  i n  e a c h  c a s e  b e in g  a  

f r e e  r a d i c a l .  T e rm in a t in g  p r o c e s s e s  c a n  b e  d e v is e d  t o  g iv e  

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

+ P e(C N )g 3 - --------- ^ S^OgZ- + P e(C N )g4-

HS.Og" + Pe(C H )g^“

P e(C N )g^ '

S .O g^“  + HPe(CN)g^“
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or b y  r a d i c a l  d i s p r o p o r t i o n a t i o n  fo l lo w e d  b y  d i m é r i s a t i o n ,

 > HS2O3 -  8 2 O3 -

--------- > SgO jZ - + S2O3 -

2 8293  >

The se c o n d  te rm  o f  th e  I n i t i a l  r a t e  e q u a t io n  s u g g e s t s  

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

th e  f i r s t  t e r m . The m echanism  m u s t, a s  i n  t h e  p r e v io u s  c a s e ,  

be a  s p o n ta n e o u s  ch an g e  w h ic h  t h i o s u l p h a t e  c a n  u n d e rg o , 

s in c e  t h e r e  i s  no  in v o lv e m e n t o f  f e r r i c y a n i d e  io n  i n  t h e  

r a t e  e q u a t io n .  The r e a c t i o n  i s  o f  f i r s t  o rd e r  w i th  r e s p e c t  

to  h y d ro g en  io n  and  t o  t h i o s u l p h a t e  io n  and i s  o f  f i r s t  

o rd e r  w i th  r e s p e c t  t o  c a t i o n .  A lth o u g h  t h e r e  a r e  some 

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

exchange o f  oxygen  b e tw e e n  t h i o s u l p h a t e  io n  and w a te r  (A3) 

th e r e  i s  a  d i f f e r e n c e  o f  A. 3 K c a l/m o le  i n  th e  a c t i v a t i o n  

e n e r g ie s  f o r  t h e  tw o p r o c e s s e s .

The a c t i v a t e d  com plex  i s  e x p e c te d  t o  have  th e  c o m p o s it io n  

^ ^ 2^3 * b e  a rg u e d  t h a t  i f  m u tu a l r e p u l s i o n  i s  th e

cause o f  th e  i n a b i l i t y  o f  820^ ^ “’ and Pe(CN)g^*" t o  come 

s u f f i c i e n t l y  c lo s e  f o r  e l e c t r o n  t r a n s f e r ,  th e n  io n  p a i r i n g  

of one o r o th e r  r e a c t a n t  w i th  c a t i o n s  s h o u ld  a s s i s t  su c h  

an e n c o u n te r .

The r a t e  e x p r e s s io n  s u g g e s t s  t h e  f o l lo w in g  r e a c t i o n  

scheme:

y  + + M'*' jjjig 0 ,  — £ 5X5 1 ) 5. ^  p r o d u c t s
^ ^ f a s t

where t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  th e  i n t e r m e d i a t e  

MHS2O7 i s  e s t im a te d  t o  b e  o f  th e  o rd e r  o f  iO "^  M, Io n  p a i r i n g
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e q u i l i b r i a  o f  t h i s  ty p e  a r e  u s u a l l y  s e t  u p  r a p i d l y .  The 

r a t e  o f  a  n o rm a l b i - m o le c u la r  p r o c e s s ,  when t h e  c o n c e n t r a t i o n s  

o f r e a c t a n t s  a r e  o f  t h e  o r d e r  o f  1 0 "^  and  1 o "^  M ., w i t h  a  

p r e - e x p o n e n t i a l  te rm  o f  10^ and  a  s m a ll  a c t i v a t i o n  e n e rg y ,  

w i l l  b e  f a s t ,  and th u s  t h e  low  c o n c e n t r a t i o n  o f  th e  

in te r m e d ia te  c a n n o t b e  h e ld  t o  a c c o u n t f o r  t h e  s lo w  r a t e  

o f  r e a c t i o n .  F u r t h e r ,  u n d e r  su c h  c o n d i t i o n s ,  i t  i s  l i k e l y  

t h a t  Pe(CN )^^"“ a t t a c k  w ould  becom e r a t e  d e te r m in in g .

The m echanism  r e q u i r e s  o f  th e  o rd e r  o f  18 K c a l/m o le  

v /hereas t h e  a d d i t i o n  o f  and  M*** w ould  b e  e x p e c te d  t o  

have a n  a c t i v a t i o n  e n e rg y  o f  o n ly  0 t o  6 -  8 K c a l/m o le .  

P re su m a b ly , f u r t h e r  e n e rg y  i s  r e q u i r e d  t o  r e n d e r  th e  

in te r m e d ia te  s p e c i a l i s e d  i n  some w ay.

Once î.îHS20^ i s  fo rm ed  no  l a r g e  e l e c t r o n i c  c o n c e n t r a t i o n  

( -  c h a rg e )  r e s i d e s  on.^ s a y ,  th e  o u te r  s u lp h u r  atom  and  i t  i s  

p o s s ib le  t h a t  w a te r ,  o r e v en  some b a s e  p r e s e n t  i n  s o l u t i o n ,  

cou ld  a t t a c k  and  c o n s e q u e n t ly  f a c i l i t a t e  e l e c t r o n  l o s s .  The 

slow s t e p  c o u ld  t h e n  b e  t h e  fo r m a t io n  o f  a  bond  ( f o r  e x am p le , 

to  s u lp h u r )  and su c h  a  p r o c e s s  w ould  r e q u i r e  a c t i v a t i o n  

e n e rg y .

More a c c u r a t e l y ,  a  m echanism  may th u s  b e  w r i t t e n  a s  

fo llo w s :

+ M"̂   ̂ ( a c t i v a t e d  com plex )

P e (C N )g ^ -

J a s t
si

p r o d u c t s .

S in c e ,  a t  any  i n s t a n t ,  some o f  HSgO^ may e x i s t  

in  th e  " t h i o l "  fo rm , t h e  p o s s i b l e  r e a c t i o n  o f  t h i s  g ro u p  

w ith  f e r r i c y a n i d e  s h o u ld  b e  m e n tio n e d .



131 .

O rg a n ic  t h i o l s  a r e  r e a d i l y  o x id is e d  b y  f e r r i c y a n i d e  

to  t h e  c o r r e s p o n d in g  d i th io -c o m p o u jid , f o r  e x am p le ,

F e (C N )f3 -
2 CgHi^SH ----------- ^  (CgliiyS " )g

The m echanism  o f  t h e s e  o x id a t io n s  h a s  b e e n  d i s c u s s e d  by  

W iberg and  c o w o rk e rs  (A 3 ). The r e a c t i o n s  a r e  a lm o s t  u n i v e r s a l l y  

b a se  c a t a l y s e d  and  i t  i s  g e n e r a l l y  a c c e p te d  t h a t  th e  s p e c i e s  

RS i s  in v o lv e d  i n  an  e l e c t r o n  a b s t r a c t i o n  b y  f e r r i c y a n i d e  

to  g iv e  t h e  f r e e  r a d i c a l  RS* w h ic h  may s u b s e q u e n t ly  d i m e r i s e .  

A lth o u g h  some o f  t h e s e  o x id a t i o n s  a r e  known t o  p ro c e e d  i n  

a c id  s o l u t i o n  w here  a  m echanism  o f  p r o to n  a b s t r a c t i o n  by  

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

n o t c o n s id e r e d  s u f f i c i e n t l y  c o n c lu s iv e  t o  e n a b le  an a n a lo g y  

to  b e  d raw n .

O x id a t io n  o f  t h e  a c t i v a t e d  com plex w i l l  b e  f a s t :

H Pe(CT)g^“  + MSgO •

MHSgO, + ]?8(CN)g

F e (C T )g ^"  +

fo llo w e d  by  s u b s e q u e n t  d i m é r i s a t i o n  o f  th e  f r e e  r a d i c a l s

2 (M+ o r  H'*')S2 0 , "  ------> (H+ o r  M +)8^0g" + o r

T e t r a t h i o n a t e  io n  h a s  b e e n  p ro p o s e d  a s  th e  m a jo r  

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

The L a te r  S ta g e s  o f  R e a c t io n .

A co m p u te r p ro g ram  was u s e d  t o  c a l c u l a t e  r a t e  c o n s t a n t s  

in  th e  l a t e r  s t a g e s  o f  r e a c t i o n  w here  i t  w as fo u n d  t o  b e
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s t r o n g l y  c a t a l y s e d  by  th e  p r e s e n c e  o f  t e t r a t h i o n a t e  i o n .

The r a t e  was fo u n d  t o  be  o f  f i r s t  o r d e r  w i t h  r e s p e c t  t o  

t e t r a t h i o n a t e  and  f e r r i c y a n i d e  i o n s .  T h a t i s ,

R a te  = k  [P e(C N )g^”]

b u t t h e  p o s s i b l e  in v o lv e m e n t o f  t h i o s u l p h a t e  and o f  h y d ro g e n  

io n  was n o t  r e s o l v e d  ow ing t o  th e  u n p r e d ic ta b l e  k i n e t i c  e f f e c t s  

o f te tra e th y la m m o n iu m  io n ,  w h ic h  was added  t o  m a in ta in  i o n i c  

s t r e n g t h .

I t  was shown t h a t ,  u n l e s s  f e r r i c y a n i d e  i s  p r e s e n t  a t  

a r e l a t i v e l y  h ig h  c o n c e n t r a t i o n ,  a s  was t h e  c a s e  f o r  th e  

d e te r m in a t io n  o f  p r o d u c t s  b y  t r a c e r  te c h n iq u e s  w here  

e q u im o la r q u a n t i t i e s  o f  f e r r i c y a n i d e  and  o f  t h i o s u l p h a t e  

were u s e d ,  th e  p o s s i b l e  r e a c t i o n  by  way o f  s u l p h i t e

V 6^“  + s^O gZ - + 303^ -

+ Fe(C N )g^’"------ ^  p r o d u c ts

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

to  be t h e  m a jo r  i r o n  c o n ta in in g  p r o d u c t  ( s e e  p a g e  A8) was

found n o t  t o  a f f e c t  th e  r a t e  o f  r e a c t i o n ,  when p r e s e n t  a t

c o n c e n tr a t io n s  c o r r e s p o n d in g  t o  50% c o m p le t io n . The p o s s i b i l i t y  

o f c y a n id e  s u b s t i t u t i o n  b y  s u lp h u r  c o n ta in in g  s p e c i e s  was 

e l im in a te d  b o th  on t h e  g ro u n d s  o f  th e  s p e c t r o p h o to m e t r ic  

m easurem ents and s in c e  no  a c t i v i t y  was fo u n d  i n  p r e c i p i t a t e s  

of C u ( l l )  com pounds o f  com plex  i r o n  c y a n id e s  when e x p e r im e n ts  

Were c a r r i e d  o u t on r e a c t i o n  m ix tu r e s  l a b e l l e d  w i t h  "^S,

S in c e  t h e  r a t e  e q u a t io n  i s  n o t  c o m p le te  a s  f a r  a s  

1‘o a c ta n ts  a r e  c o n c e rn e d , any  m echanism  p ro p o se d  i s  l i k e l y  

to  be e r r o n e o u s .

The f o l lo w in g  se q u e n c e  o f  e v e n ts  w as s u g g e s te d  b y
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Bat s to n e  (1 3 )  t o  e x p la in  t h e  k i n e t i c s  o v e r a  w id e  ra n g e  o f  

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

p r o c e s s ,  w h ic h  was fo u n d  t o  be o f  f i r s t  o r d e r  w i th  r e s p e c t  

to  r e a c t a n t s  and  t o  h y d ro g en  i o n .

+ F e(C H )g3- — -  \  + HFe(CN)g^”

HS^Og- + Fe(CN)g^~ ^  1 8^0g" + H F e(C N )g^

S^Og + BgCyZ V-- + S2°3~

2 > 8^0g2

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

im provem ents b e in g  m ade.



S E C T I O N  IV,

THE REA.CTION _ BETVfB# _ FERRICYANIDE 

AND THIOSULPHATE IONS.

C O N C L U S  I O N ,

^ 3 k .
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CONCLUSION,

The o x id a t io n  o f  t h i o s u l p h a t e  by  f e r r i c y a n i d e  io n  h a s  

b een  shown t o  p ro c e e d  b y  way o f  t h r e e  d i s t i n c t  r o u t e s ,  tw o 

o c c u r r in g  s im u l ta n e o u s ly  i n  t h e  i n i t i a l  s t a g e s  o f  r e a c t i o n ,  

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

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

One o f  th e  c o n c u r r e n t  p r o c e s s e s  in v o lv e s ,  i n  t h e  r a t e  

d e te rm in in g  s t e p ,  a t t a c k  o f  f r e e  t h i o s u l p h a t e  on th e  

p r o to n a te d  fo rm ,

to  g iv e  an  a d d u c t t l i ro u g h  8 -8  b o n d in g  b e tw e e n  t h e  o u te r  

su lp h u r  a to m s . S in c e  t h i s  ty p e  o f  b o n d in g  w ould  o c c u r  by  

e l e c t r o n  d o n a t io n  from  one atom  t o  th e  o t h e r ,  th e  p a r t i a l  

p o s i t i v e  c h a rg e  r e m a in in g  on th e  d o n o r atom  may b e  s t a b i l i s e d  

by th e  p r e s e n c e  o f  a n io n s  and  t h i s  p o s s i b i l i t y  h a s  b e e n  

used  t o  e x p la in  t h e  o b se rv e d  c a t a l y t i c  e f f e c t  on r a t e ,  o f  

a c e ta te  i o n .  The a c t i v a t i o n  e n e rg y  was fo u n d  t o  b e  

16 .8  K c a l/m o le ,  On t h e  b a s i s  o f  t h e  c lo s e  re s e m b la n c e  o f  t h i s  

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

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

to  have  a. h a l f  l i f e  o f  s e v e r a l  m in u te s  i n  i s o l a t i o n ,  

p resu m ab ly  e x te n d e d  i n  th e  p r e s e n c e  o f  a n io n s .  The a c t i v a t e d  

complex i s  r a p i d l y  o x id is e d  by  f e r r i c y a n i d e  t o  t e t r a t h i o n a t e  

by way o f  s u lp h u r  c o n ta in in g  f r e e  r a d i c a l s  o f  t h e  t y p e ,  

and  s u b s e q u e n t ly

The se co n d  o f  t h e  tw o c o n c u r r e n t  p r o c e s s e s  in v o lv e s  

a f a s t  p r e - e q u i l i b r i u m  b e tw e e n  c a t i o n ,  h y d ro g e n  io n  and 

th io s u lp h a t e  io n  fo l lo w e d  by  s u b s e q u e n t r a t e  d e te r m in in g  

re a rra n g e m e n t o f  t h i s  u n c h a rg e d  i n te r m e d ia t e  i n  t h e  p r e s e n c e
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o f w a te r  o r some b a s e ,

+ H'*’ + _ f a s t  \   ̂ s lo w  \  ( a c t i v a t e d  com plex )

O x id a tio n  o f  t h e  a c t i v a t e d  com plex b y  f e r r i c y a n i d e  i s  f a s t  

and m echan ism s i n v o lv in g  e i t h e r  s t r a i g h t f o r w a r d  e l e c t r o n  

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

l a t t e r  may b e  a n a lo g o u s  t o  th e  o x id a t io n  o f  o r g a n ic  t h i o l s  

by f e r r i c y a n i d e  u n d e r  some c o n d i t i o n s .  T e rm in a t in g  p r o c e s s e s  

a re  o f  f r e e  r a d i c a l  ty p e  t o  g iv e  t e t r a t h i o n a t e  a s  t h e  o n ly  

p r o d u c t .  The a c t i v a t i o n  e n e rg y  i s  1 7 .9  K c a l/m o le .

I t  i s  hoped  t h a t  t h i s  summary o f  th e  tw o  p r o c e s s e s  

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

in to  t h i s  eind r e l a t e d  r e a c t i o n s .  S in c e  t h e  r a t e  d e te r m in in g  

change w h ic h  o c c u r s  i s  in d e p e n d e n t  o f  t h e  p r e s e n c e  o f  

o x id is in g  a g e n t ,  th e  sy s te m  d e s c r ib e d  i s  p e rh a p s  one o f  t h e  

s im p le s t  r e a c t i n g  m ix tu r e s  w h ic h  th e  e x p e r im e n c a l i s t  c an  

c o n t r iv e ,  t h a t  i s ,  a  t h i o s u l p h a t e  io n  and a  p r o t o n .  O th e r  

a d d i t i v e s  c an  b e  k e p t  lo w . S in c e  th e  f o r m a t io n  o f  i n t e r m e d i a t e  

i s  o f  i n t e r e s t ,  t h e  o x i d i s in g  a g e n t  c an  b e  o m it te d  a l t o g e t h e r ,  

and a  kn o w led g e  o f  th e  k i n e t i c s  u n d e r  t h e s e  c o n d i t i o n s ,  i n  

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

th e  s t r u c t u r e  o f ,  and  t h e  e n v iro n m e n t a ro u n d , t h e  t h i o s u l p h a t e  

io n . S uch  fu n d a m e n ta l  .know ledge c o u ld  be  o f  c o n s id e r a b le  

v a lu e  i n  f u r t h e r  w ork  on t h e  o x id a t io n  o f  t h i o s u l p h a t e .

I t  i s  e n v is a g e d  t h a t  i n i t i a l  k i n e t i c  s t u d i e s  on th e  

b a s ic  sy s te m  s h o u ld  b e  t o  c o r r e l a t e  c o n c lu s iv e ly  t h e  r e s u l t s  

of th e  f i r s t  p a r t  o f  t h i s  c o n c lu s io n  w i th  t h e  d e c o m p o s it io n  

of t h i o s u l p h a t e .  I t  may b e  s p e c u la te d  t h a t  th e  r e a c t i o n  

w hich i s  o f  f i r s t  o r d e r  w i th  r e s p e c t  t o  M , H and 

Diay f i t  i n t o  t h e  same o v e r a l l  p r o c e s s  i n  th e  l i g h t  o f  

a c c u ra te  k i n e t i c  d a t a .
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The m echanism  o p e r a t in g  i n  t h e  l a t e r  s t a g e s  o f  th e  

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

owing t o  th e  l a c k  o f  s u i t a b l e  k i n e t i c  d a t a ,  how ever f i r s t  

o rd e r  d e p en d e n ce  o± r a t e  on t e t r a t h i o n a t e  and  on f e r r i c y a n i d e  

c o n c e n t r a t i o n  h a s  b e e n  c o n f irm e d . I t  i s  c o n s id e r e d  h o w e v er, 

t h a t  t h e  a p p ro a c h  u s e d  t o  e v a lu a t e  t h e  r a t e  c o n s t a n t s  i n  t h i s  

i n v e s t i g a t i o n  i s  a  m ost s a t i s f a c t o r y  m ethod o f  d e a l in g  w i t h  

th e  k i n e t i c s  o f  t h e  p r o c e s s  and i t  i s  s i n c e r e l y  hoped  t h a t  

work may b e  u n d e r ta k e n  i n  th e  f u t u r e  on a  th o ro u g h  k i n e t i c  

i n v e s t i g a t i o n  w i t h  a  s i m i l a r  m a th e m a tic a l  a p p ro a c h .
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P u r i t y  o f  Ma t e r i a l s .

W henever p o s s i b l e  "A nalaR ” g ra d e  r e a g e n t s  w e re  u s e d  

w ith o u t  f u r t h e r  p u r i f i c a t i o n .  R e a g e n t g ra d e  (99  -  101%) 

NalO^.HgO w as u s e d  f o r  th e  p r e p a r a t i o n  o f  i o d a t e  s o l u t i o n s  

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

known c o n c e n t r a t i o n .  T h is  was p r e p a r e d  a s  p r e v i o u s ly  

d e s c r ib e d  on p a g e  2A. T h io s u lp h a te  s o l u t i o n s  f o r  k i n e t i c  

v/ork w ere  p r e p a r e d  i n  a  s i m i l a r  m an n er.

S o l u t i o n s  o f  NaHgPO^ and w ere  p r e p a r e d  by

t i t r a t i n g  r e a g e n t  g ra d e  o r th e p h o s p h e r ic  a c id  o r  A nalaR  g ra d e  

p o ta s s iu m  d ih y d ro g e n  o r th o p h o s p h a te  w i th  N, sod ium  o r 

p o ta s s iu m  h y d ro x id e  r e s p e c t i v e l y .  The a l k a l i  w as p r e p a r e d  

by d i l u t i o n  o f  "V o lu co n "  s t a n d a r d  v o lu m e t r ic  c o n c e n t r a t e s ,  

s u p p l ie d  b y  May and B ak er L t d . ,  Dagenham .

R e a g e n t g ra d e  c a se s iu m  n i t r a t e  w as u s e d  w i th o u t  f u r t h e r  

p u r i f i c a t i o n .  S o lu t io n s  w ere  p r e p a r e d  b y  w e ig h t a ssu m in g  th e  

t h e o r e t i c a l  c o m p o s it io n  f o r  t h e  s a l t ,  BaS20^ w as o b ta in e d  

from  B r i t i s h  D rug  H ouses L t d . ,  P o o le .  I t  w as w ashed  w i th  

w a te r  s e v e r a l  t im e s  and  d r i e d  i n  v a c u o  b e f o r e  u s e .



140

■Ma.

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

h as  b e e n  r e p r e s e n te d  by  th e  f o l lo w in g  s t o i c h e i o m e t r i c  

e q u a t io n  (2 2 ) ;

IO3" + 6  H+ + 6  > I"  + 3  HgO + 3

No e x p e r im e n ta l  e v id e n c e  i s  a v a i l a b l e  f o r  t h i s  and  i t  was 

d e c id e d  t o  c h e c k  w h e th e r  th e  r e a c t a n t s  w ere  consum ed i n  t h e  

m o lar r a t i o s  s u g g e s te d .

A r e a c t i o n  m ix tu r e  w as p r e p a r e d  h a v in g  th e  f o l lo w in g  

c o m p o s itio n ;

[l'0,“] = 0.0100 M. [HOA,cJ = 0.0987 M.

[SgO, "] = 0 .1001  M. [NaQAo] = 0 .1 0 0  M.

A f te r  2A h o u r s ,  w hen th e  d e s i r e d  r e a c t i o n  was p resu m ed  t o  

iiave gone t o  c o m p le t io n ,  u n acco m p an ied  by  any  s id e  r e a c t io n ^  

p o r t io n s  o f  t h e  s o l u t i o n  w ere  a n a ly s e d  f o r  t h i o s u l p h a t e  

by t i t r a t i o n  w i t h  s t a n d a r d  i o d i n e ,  and  f o r  a c e t i c  a c id  

by pH t i t r a t i o n  w i th  0 .1  N sodium  h y d r o x id e .

R e s u l t s .

T a b le  38_.

I n i t i a l  M. F i n a l  M. Change M,

[id  “J 0.0100 - 0.0100

[ŝ Ô -̂] 0.1001 0.0424 0.0577

[hqAc] 0.0987 0.0422  O.O565

The r e s u l t s  show t h a t  e q u a l  am ounts o f  t h i o s u l p h a t e  and  o f  

ac id  w ere  u s e d  up  d u r in g  th e  r e a c t i o n  b u t  th e  r a t i o ,  o f  t h e s e
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t o  i o d a t e  consum ed d o e s  n o t  e x c e e d  5 * 8 ;1 . T h is  was c o n s id e r e d  

t o  b e  s u f f i c i e n t l y  c lo s e  t o  th e  a c c e p te d  r a t i o  o f  6 : 1 ,  e x p e c te d  

f o r  o x id a t io n s  b y  i o d a t e  w here  th e  l a t t e r  i s  r e d u c e d  t o  

io d id e  io n  and  t h e  r e d u c in g  a g e n t  u n d e rg o e s  a  one e le c tro n
A

o x i d a t i o n .

E m p i r i c a l l y ,  t h e  b e s t  way o f  f o l lo w in g  th e  i o d a t e -  

t h i o s u l p h a t e  r e a c t i o n  w ould  b e  t o  m easu re  t h e  r a t e  o f  l o s s  

o f  h y d ro g e n  i o n ,  b y  t i t r a t i n g  r e a c t i o n  m ix tu r e s  f o r  a c id  

w i th  sod ium  h y d r o x id e .  The m ethod o f f e r s  tw o a d v a n ta g e s .

F i r s t ,  u pon  i n i t i a l  a d d i t i o n  o f  a l k a l i ,  th e  pH o f  t h e  medium 

w i l l  b e  r a i s e d  th e r e b y  e f f e c t i v e l y  q u e n c h in g  th e  r e a c t i o n .  

S e c o n d ly , t h e  a d d i t i v e  w i l l  b e  q u i t e  i n e r t  i n  t h e  r e a c t i o n  

m ix tu re  and  w i l l  n o t  l e a d  t o  any  c o m p l ic a t io n s  a r i s i n g  from  

s id e  e f f e c t s .

R ed d er fo u n d  t h a t  t h e  r a t e  o f  r e a c t i o n  w as c o n v e n ie n t ly  

m e a su ra b le  whan e x p e r im e n ts  w ere  c a r r i e d  o u t i n  a  b u f f e r  

w i th  a  c o m p o s i t io n  c o r r e s p o n d in g  t o  a  pH w e l l  above  th e  u p p e r  

l i m i t  o f  an  a c e t a t e  b u f f e r ,  p o s s i b l y  a ro u n d  n e u t r a l i t y .  T h is  

w ould l i e  w i t h i n  th e  pH r a n g e  o f  a  p h o s p h a te  b u f f e r  pK 7 .2 ,  

w h ich  was s e l e c t e d  f o r  th e  p r e s e n t  e x p e r im e n ts .

The t i t r a t i o n  o f  t h e  d ih y d ro g e n  o r th o p h o s p h a te  (H^jPO^”*) 

io n  T /ith  a l k a l i  h a s  b e e n  t r e a t e d  by  V o g e l (A 6 ). The pH change  

a t  t h e  end  p o i n t  i s  som ewhat slow  and  i t  i s  r e q u i r e d  t h a t  a  

s u i t a b l e  i n d i c a t o r  sh o u ld  have  a  s h a rp  t r a n s i t i o n  ra n g e  

c e n t r e d  c lo s e  t o  pH 9 . 7 .  An i n d i c a t o r  recom m ended f o r  t h i s  

t i t r a t i o n  i s  thym  o lp h t  h a le  i n .  H ow ever, t h e  a p p e a ra n c e  o f  th e  

b lu e  c o lo u r  was fo u n d  t o  b e  g r a d u a l  and  e v id e n t  e v e n  i n  th e  

e a r l y  s t a g e s  o f  th e  t i t r a t i o n .  T h u s, i t  w as d i f f i c u l t  t o  

a s c e r t a i n  e x a c t l y  when th e  end  p o i n t  had  b e e n  r e a c h e d ,  V o g e l
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s u g g e s t s  t h a t  a  s h a r p e r  c o lo u r  ch an g e  may be  o b ta in e d  u s in g  

an  i n d i c a t o r  c o n s i s t i n g  o f  a  m ix tu re  o f  p h e n o lp h th a l e in  and  

a -n a p h t h o lp h t h a l e i n  w h ic h  ch an g e s  from  p a l e  r o s e ,  th r o u g h  

g re e n  t o  v i o l e t  a t  pH 9 .6 .  H ow ever, r e p e a t e d  d e te r m in a t io n s  

gave w id e ly  d i f f e r i n g  r e s u l t s ,  th e  c a u se  b e in g  a t t r i b u t e d  

t o  a  d i f f i c u l t y  i n  i d e n t i f y i n g  th e  c o r r e c t  c o lo u r  c h a n g e .

As a  r e s u l t  o f  t h e s e  t e s t s  t h e  u s e  o f  a c id - b a s e  i n d i c a t o r s  

was ab an d o n ed  and  th e  m ethod  o f  pH t i t r a t i o n  was a d o p te d .

R e a c t io n  m ix tu r e s  w ere  p r e p a r e d  a s  f o l lo w s .  100 m l. 

p o r t i o n s  o f  0 ,1 0 0 5  M, sodium  t h i o s u l p h a t e  and 0 .1 0 1 A M. 

sodium  i o d a t e  w e re  p i p e t t e d  i n t o  s e p a r a t e  500  m l. w ide  

m outhed c o n ic a l  f l a s k s .  50 m l. b u f f e r  was ad d ed  t o  e a c h  and  

th e  s o l u t i o n s  a llo w e d  t o  a t t a i n  th e rm a l  e q u i l i b r iu m  i n  a  

t h e r m o s ta t .  The r e a c t i o n  was s t a r t e d  by  m ix in g  th e  c o n te n t s  

o f th e  tw o f l a s k s  and th e  m ix tu re  was t r a n s f e r r e d  fro m  one 

v e s s e l  t o  t h e  o th e r  t o  e n s u re  h o m o g e n e ity . The c lo c k  was 

s t a r t e d  a t  t h e  f i r s t  a d d i t i o n .

A t t im e d  i n t e r v a l s ,  20 m l. p o r t i o n s  o f  r e a c t i o n  

m ix tu re  w ere  r u n  i n t o  50 m l. w a te r  i n  a  100 m l. beo-feer 

c o n ta in in g  a  m a g n e tic  s t i r r e r  and a  Pye " In g o ld "  com bined 

e le c t r o d e  t o  m o n ito r  th e  pH o f  th e  s o l u t i o n .  The s t i r r i n g  

was s t a r t e d  and  0 .1  N, sod ium  h y d ro x id e  ad d ed  r a p i d l y  from  

a 10 m l. m ic r o b u r e t t e  u n t i l  th e  pH r o s e  t o  a b o u t 8 . A, a f t e r  

w hich  th e  t i t r a t i o n  w as c o m p le te d  b y  s m a ll  a d d i t i o n s  o f  t h e  

a l k a l i .  F o r e a c h  t i t r a t i o n ,  g ra p h s  o f  pH v s .  t im e ,  and  a  

f i r s t  d e r i v a t i v e  w ere  p l o t t e d ,  t h e  end  p o i n t  b e in g  fo u n d  fro m  

th e  maximum o f  t h e  l a t t e r  g ra p h . F o u r k i n e t i c  r u n s  w ere  c a r r i e d  

out i n  t h i s  m anner t o  d e te rm in e  th e  e f f e c t  o f  p h y s i c a l  

c o n d i t io n s  on r a t e .  The f i r s t .  A, w as u n d e r  n o rm al l a b o r a t o r y  

c o n d i t i o n s .  I n  B th e  r e a c t i o n  v e s s e l  was w rap p ed  i n  m e ta l  

f o i l  t o  e x c lu d e  l i g h t ,  C w as p a c k e d  w i th  3 .0  g , g l a s s  w ool
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t o  s tu d y  th e  e f f e c t  o f  s u r f a c e . S in c e  th e  a d d i t i o n  o f  EDTA^”  

i s  e x p e c te d  t o  r e n d e r  any  p o t e n t i a l  t r a n s i t i o n  m e ta l  c a t a l y s t s  

I n a c t iv e  ( s e e  p ag e  55) a n  e x p e r im e n t ,  l a b e l l e d  D, w as c a r r i e d  

o u t w here  0 ,1 2  g .  iVa^SDTA h ad  b e e n  added  t o  th e  i o d a t e  h a l f  

o f  t h e  r e a c t i o n  m ix tu r e .  Upon m ix in g , t h i s  r e n d e r e d  th e  

r e a c t io n ,  i o ”^  M. i n  EDTA^".

S in c e  th e  t e c h n iq u e  o f  pH t i t r a t i o n  i s  som ewhat t e d i o u s  

and l e n g th y  an  a l t e r n a t i v e  m ethod o f  a n a l y s i s  w as s o u g h t .  The 

t i t r a t i o n  o f  t h i o s u l p h a t e  i o n  w i th  i o d in e  may b e  f e a s i b l e  

p ro v id e d  t h a t  t h e  p o s s i b l e  s i d e  r e a c t i o n  o f  i o d id e  i s  

c o n s id e r e d .  The r e a c t i o n  o f  io d id e  w i th  i o d a t e  h a s  b e e n  

exam ined  b y  B a r to n  and  W rig h t (A7) who fo u n d

—  = 1 . 8  X 10^ °  [103"]

a t  25^0 and  I  = 1 .0  a n d , a t  low  b u f f e r  c o n c e n t r a t i o n ,  

ig n o ring*  t h e  l e s s  Im p o r ta n t  te rm s  d e s c r i b i n g  t h e  s p e c i f i c  

e f f e c t s  o f  ca]"'bo]qylate and  p h o s p h a te  i o n s .  R e id e r  fo u n d  a  

s i m i l a r  r a t e  law  t o  h o ld  f o r  t h e  i o d a t e - t h i  o s u lp h a te  r e a c t i o n ,  

t h i o s u lp h a t e  io n  r e p l a c i n g  io d id e  i n  th e  r a t e  e x p r e s s io n .

Here th e  f i f t h  o r d e r  r a t e  c o n s ta n t  fo u n d  b y  m e a su r in g  th e  

lo s s  o f  h y d ro g e n  io n  was 2 . A X 10^'^ m in  ̂ a n d , i f  th1 .s

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

l a t t e r  r e a c t i o n  w ould  p ro c e e d  a t  l e a s t  1000 t im e s  f a s t e r  th a n  

th e  r a t e  o f  l o s s  o f  io d id e  io n s  i n  t h e  fo rm e r ,  t h e  c o n t r i b u t i o n  

o f t h i s  t o  th e  o v e r a l l  r a t e  b e in g  i n s i g n i f i c a n t .

A r e a c t i o n  m ix tu r e ,  l a b e l l e d  E , p r e p a r e d  a s  above was 

a n a ly s e d  f o r  t h i o s u l p h a t e  a s  f o l lo w s ;  A t t im e d  i n t e r v a l s  

20 m l, a l i q u o t s  w ere  w ith d raw n  and t i t r a t e d  r a p i d l y  w i th  

0 .0 2  N. i o d in e  ( i n  K I) u s in g  s t a r c h  a s  i n d i c a t o r .  Y/hen th e  

t i t r a t i o n  w as c o m p le te  some o f  th e  m ix tu r e s  w ere  l e f t  t o
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s ta n d  f o r  a  p e r io d  o f  t im e .  No d e e p e n in g  o f  th e  s t a r c h - i o d i n e  

c o lo u r  was a p p a r e n t  a f t e r  t e n  m in u te s .

T a b le  39  su m m arises  th e  r e s u l t s  o f  p r e l im in a r y  

e x p e r im e n ts  l a b e l l e d  A -  E.

R e p r o d u c i b i l i t y  o f  M e asu rem en ts .

[ I03" ]

pH s= 

T e m p e ra tu re  =

T a b le

0 .0 3 3 8  M.

0 .0 3 3 5  M.

7 . 2 2

2 5 . 0  -  0 .0 2 °C . 

o f  % r e a c t i o n  a s  a

[N aU

[HgPOy]

f u n c t i o n

= 0 

= 0 

= 0 ,

o f  tim e

Time
(m ins)

30

f o r  k i: 

A B 0

l a b e l l e d  A -  E . 

D E

6 .3 5 .6 6 . 2 7 .5 6 . 2

60 1 1 . 6 -11.0 1 1 . 8 1 3 . 4 1 1 . 8

90 1 6 .7 1 5 .0 1 6 . 2 1 7 . 8 1 6 . 8

120 2 0 .9 2 0 . 6 2 0 .9 21 .8 2 1 .5

150 2A.8 2 4 . 4 2 4 .9 2 7 .4 2 5 . 6

180 2 8 .7 2 7 .9 2 8 .7 2 9 .6 2 9 .3

210 3 1 . 8 3 1 . 2 3 2 .1 3 2 .7 3 3 .0

2A0 3A .8 3 4 .2 3 5 .2 3 5 .5 3 6 .1

270 3 7 .6 3 7 .0 3 7 .4 3 8 .3 5 9 . 3

300 A0.1 3 9 .5 3 9 .9 4 0 .8 4 2 .1

330 A 2.3 4 1 .8 4 2 .7 4 2 . 7 4 4 .2

360 AA. 2 4 3 .7 mm 4 4 .9 4 6 .4
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Tabl e  39 . .Comments.

The r a t e  o f  r e a c t i o n  was fo u n d  t o  b e  q u i t e  r e p r o d u c i b l e  

and in d e p e n d e n t  o f  t h e  p h y s i c a l  e f f e c t s  o f  su i’f a c e  and  o f  

l i g h t .  T h e re  was no  ch an g e  i n  r a t e  upon  a d d i t i o n  o f  a  s m a ll  

am ount o f  EDTA^",

r/hen  th e  p r o g r e s s  o f  t h e  r e a c t i o n  was fo l lo w e d  b y  

a n a l y s i s  f o r  t h i o s u l p h a t e ,  t h e  r a t e  o f  l o s s  o f  th e  l a t t e r  

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

h y d ro g e n  io n .  T h is  r e s u l t  i s  p r e d i c t e d  from  th e  s to i c h e io m e t r y  

and s h o u ld  h o ld  e v en  i f ,  i n  th e  l a t e r  s t a g e s  o f  r e a c t i o n ,  

th e  i o d id e  fo rm ed  r e a c t s  w i th  i o d a t e  t o  g iv e  i o d i n e .

S u b se q u e n t o x i d a t i o n  o f  t h i o s u l p h a t e  by  i o d in e  sh o u ld  be  

f a s t  and  r e s u l t  i n  t h e  same o v e r a l l  s t o i c h e io m e t r y  f o r  t h e  

com bined p r o c e s s  a s  o b se rv e d  f o r  t h e  i o d a t e - t h i o s u l p h a t e  

re a c tio n .. .

The d i s c r e p a n c y  o f  some A% i n  c o n c e n t r a t i o n  a s  m e a su re d  

by th e  tw o a n a l y t i c a l  t e c h n iq u e s  a f t e r  50% r e a c t i o n ,  w as 

a t t r i b u t e d  t o  s i d e  e f f e c t s  o f  th e  i o d im e t r i c  t e c h n iq u e ,  b u t ,  

i n  te rm s  o f  r a t e  up  t o  25% o f  r e a c t i o n ,  t h e  a p p a r e n t  

a c c e l e r a t i o n  w as c o n s id e r e d  n e g l i g i b l e .

T i t r a t i o n  o f  t h i o s u l p h a t e  w i th  io d in e  was a d o p te d  

g e n e r a l l y  f o r  k i n e t i c  s t u d i e s  i n  t h i s  s e c t i o n .  No p r e l i m i n a r y  

e x p e r im e n ts  w ere  c a r r i e d  o u t on th e  r e a c t i o n  in v o lv in g  

b ro m ate  i o n ,  b u t  i t  was e x p e c te d  t h a t  th e  r e l a t i v e  r e a c t i v i t y  

o f t h i o s u l p h a t e  and  o f  i o d id e  to w a rd s  b ro m a te  w ould  be  

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

S in c e  t h e  r e a c t i o n  i s  e x p e c te d  t o  be  o f  h ig h  o v e r a l l  

o rd e r  w i t h  r e s p e c t  t o  r e a c t a n t s  and  i n t e g r a t i o n  o f  p o s s i b l e



iA6.

r a t e  e x p r e s s io n s  w i l l  t h u s  be d i f f i c u l t ,  e s p e c i a l l y  so  

a f t e r  th e  v a r i a t i o n  o f  pH h a s  b e e n  in c lu d e d ,  i n i t i a l  r a t e s  

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

s t a g e s  o f  th e  r e a c t i o n  a r e  a l s o  f r e e  from  any  e f f e c t s  

a r i s i n g  from  th e  p r e s e n c e  o f  io d id e  io n .
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F o llo w in g  th e  R e a c t io n .

A l l  k i n e t i c s  e x p e r im e n ts  w ere  c a r r i e d  o u t i n  a  

th e r m o s ta t  c o n t r o J le d  t o  -  0 .0 2 ^ 0 . M ix tu re s  o f  t h i o s u l p h a t e  

and b u f f e r ,  and  o f  h a l a t e  and  b u f f e r  w ere  p la c e d  i n t o  

s e p a r a t e  500 m l. w id e  m outhed  c o n ic a l  f l a s k s  and  th e  

s to p p e r e d  c o n ta in e r s  w ere  a llo w e d  t o  a t t a i n  th e r m a l  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 .  The r e a c t i o n  was s t a r t e d  b y  p o u r in g  th e  

c o n te n ts  o f  one f l a s k  i n t o  th e  o th e r  and  th o ro u g h  m ix in g  

was e n s u re d  b y  t r a n s f e r r i n g  th e  m ix tu re  fro m  one v e s s e l  t o  

th e  o th e r  s e v e r a l  t im e s .  The s t a r t  o f  t h e  r e a c t i o n  w as 

ta k e n  t o  b e  th e  f i r s t  a d d i t i o n .

The t o t a l  r e a c t i o n  volum e w as 300 m l. A t t im e d  

i n t e r v a l s  20 m l. p o r t i o n s  o f  r e a c t i o n  m ix tu re  w ere  r u n  i n t o  

a q u a n t i t y  o f  i o d i n e ,  j u s t  s h o r t  o f  t h a t  r e q u i r e d  f o r  

e q u iv a le n c e .  S t a r c h  was ad d ed  and  th e  t i t r a t i o n  c o m p le te d  

t o  th e  b lu e  c o l o u r a t i o n  o f  t h e  s t a r c h - i o d i n e  co m p lex .

The o b s e r v a t io n s  w ere  made o v e r th e  f i r s t  10% o f  

r e a c t i o n  and  i n i t i a l  r a t e s  f o r  th e  d is a p p e a r a n c e  o f  

t h i o s u l p h a t e  w ere  c a l c u l a t e d  from  g ra p h s  o f  ] v s ,  c im e.

T hese w ere  l i n e a r  o v e r a t  l e a s t  5% o f  r e a c t i o n  i n  m ost c a s e s .  

The a p p a r a tu s  u s e d  f o r  th e  m easu rem en t o f  pH and  

some g e n e r a l  p r i n c i p l e s  n e c e s s a r y  f o r  i t s  i n t e r p r e t a t i o n  

have a l r e a d y  b e e n  d e s c r ib e d  ( s e e  p ag e  5 3 ) ,  M easu rem en ts 

f o r  th e  i o d a t e - t M o s u l p h a t e  r e a c t i o n  w ere  c a r r i e d  o u t o v e r 

a  p e r io d  o f  t im e  on a  sam ple  o f  r e a c t i o n  m ix tu re  w ith d ra w n  

a t  th e  b e g in n in g  o f  th e  k i n e t i c  r u n .  The c o n su m p tio n  o f  

h y d ro g en  io n  w as a p p a re n t  b y  a  slow  r i s e  i n  pH and  i n i t i a l  

v a lu e s  w ere  fo u n d  by  e x t r a p o l a t i o n  o f  p H -tim e  c u rv e s  t o  

z e ro  t im e .  I n  t h e  c a s e  o f  b r  o rn a te - th i  o s u lp h a te  m ix tu r e s  

th e  p o is o n in g  o f  t h e  e l e c t r o d e ,  w h ic h  p ro v e d  t ro u b le s o m e
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i n  th e  i n v e s t i g a t i o n  o f  t h e  f e r r i c y a n i d e - t h i o s u l p h a t e  

r e a c t i o n ,  w as a g a in  e v id e n t .  Consequently?", m ix tu r e s  f o r  pH 

m easu rem en ts  w ere  p r e p a r e d  w i t h  s u lp h a te  r e p l a c i n g  t h i o s u l p h a t e  

io n ,  a l l  o th e r  c o n a i t i o n s  b e in g  k e p t  th e  sam e. S u ch  s o l u t i o n s  

p ro v e d  v e ry  s a t i s f a c t o r y  d u r in g  th e  s tu d y  o f  th e  l a t t e r  

r e a c t i o n .
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To t o  R e a c ta n t s  f o r  t h e

Rea&U-.m..Qf o .m lR W ;#. wAm. I o a a t e  szid w i th  B rom ate  I o n s .

S e v e r a l  e x p e r im e n ts  w ere  c a r r i e d  o u t i n  w h ic h  th e  

c o n c e n t r a t i o n  o f  one r e a c t a n t  was v a r i e d  k e e p in g  th o s e  o f  

a l l  o th e r  s p e c i e s  c o n s t a n t .  The i o n i c  s t r e n g t h  was m a in ta in e d  

by th e  a d d i t i o n  o f  n e u t r a l  s a l t s ;  sod ium  o r p o ta s s iu m  n i t r a t e  

and sod ium  s u lp h a te  w ere  u s e d  t o  co m p en sa te  f o r  c h a n g e s  

i n  sod ium  i o d a t e  o r  p o ta s s iu m  b ro m a te  and  sodium  t h i o s u l p h a t e  

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

F o r  t h e  s tu d y  o f  h y d ro g e n  io n  d e p e n d e n c e s , p h o s p h a te  

b u f f e r s  w ere  p r e p a r e d  a s  d e s c r ib e d  i n  A p p en d ix  I I I ,  S e t s  o f  

s o l u t i o n s  c o n ta in e d  c o n s t a n t  so d iu m , p o ta s s iu m  and  d i v a l e n t  

a n io n  c o n c e n t r a t i o n  and  w ere  a l s o  o f  c o n s ta n t  i o n i c  s t r e n g t h .  

F or th e  i o d a t e - t h i o s u l p h a t e  r e a c t i o n  th e  t o t a l  p h o s p h a te  

c o n c e n t r a t i o n  + [hpo^ ^ ”*]) v a r i e d  from  0 ,0 3 6  -  0 .0A 2 M,

o v er th e  r a n g e  o f  pH s t u d i e d ,  w h e re a s  t h i s  c o n c e n t r a t i o n  was 

k e p t  c o n s t a n t  f o r  t h e  r e a c t i o n  in v o lv in g  b ro m a te  i o n .

The o r d e r  o f  r e a c t i o n  w i t h  r e s p e c t  t o  one com ponent 

was fo u n d  b y  p l o t t i n g  g ra p h s  o f  i n i t i a l  r a t e  v s .  s u i t a b l e  

f u n c t io n s  o f  c o n c e n t r a t i o n .  F o r a  s im p le  c a s e

nI n i t i a l  r a t e  = k  [a ]

th e n ,  f o r  an  n  t h .  o r d e r  d e p e n d e n c e , a  g ra p h  o f  i n i t i a l  

r a t e  v s .  [a ] ^ ,  w here  [a ] i s  t h e  c o n c e n t r a t i o n  o f  a  p a r t i c u l a r  

r e a c t a n t ,  s h o u ld  b e  l i n e a r  and  p a s s  th ro u g h  th e  o r i g i n .
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e R e a c t io n .

(a )  Order w i th  r e s p e c t  t o  IOu~.

T a b le  JLyD.

[lO ^"] + [n O j" ] = 0 .1 0 0  M. [Na+] = 0 .3 7 0  M.

= 0 .0 3 3 2  M. [h PO. ^“ ] = 0 .0 9 0  M.

pH = 7 . 2 9  = 0 .0 1 9  M.

T e m p e ra tu re  = 2 5 .0  -  0 .0 2 ° C .

Tabl e  o f  [s^O.^^ 1 M. a s  a  f u n c t io n  o f  tim e  

f o r  th e  i n i t i a l  i o d a t e c o n c e n t r a t i o n s  (M .) 

shown a t  th e  h ead  o f  e a c h  co lum n.

Time 
(m in e ) 0 .0 3 3 2 0 .0 4 6 8 0 .0 6 0 2 0 .0 7 3 8 O.O867 0 .1 0 0 3

0 0 .0 3 3 2 0 0 .0 3 3 2 0 0 .0 3 3 2 0 0 .0 3 3 2 0 0 .0 3 3 2 0 0 .0 3 3 2 0

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

10 0 .0 3 2 8 9 0 .0 3 2 8 0 0 .0 3 2 6 8 0 .0 3 2 5 8 0 .0 3 2 5 8 0 .0 3 2 4 6

-15 0 .03281 0 .0 3 2 5 8 0 .0 3 2 4 8 0 .0 3 2 2 9 0 .0 3 2 1 9 0 .0 3 2 0 7

20 0 .0 3 2 6 8 0 .0 3 2 3 9 0 .0 3 2 2 5 0 .0 3 2 0 3 0 .0 3 1 8 6 0 ,0 3 1 7 0

25 0 .0 3 2 5 8 0 .0 3 2 2 5 0 .03201 0 .03181 0 .0 3 1 6 0 0 .0 3 1 3 8

30 0 .0 3 2 4 3 0 .03201 0 .0 3 1 8 4 0 . 03155 0 .0 3 1 3 8 0 .0 3 1 0 6

35 0 .0 3 2 2 7 0 .0 3 1 8 6 0 .0 3 1 6 2 0 .0 3 1 2 4 0 ,0 3 1 0 7 0 .0 3 0 7 3

40 0 .0 3 2 1 5 0 .0 3 1 7 0 0 .0 3 1 4 2 0 .0 3 1 0 5 0 .03081 0 .0 3 0 4 7

45 0 . 0 3 1 98 0 . 03155 0 . 03121 0 .0 3 0 8 3 0 .0 3 0 5 2 -

50 0 . 03186 0 .0 3 1 3 4 0 .0 3 1 0 3 0 .0 3 0 6 2 0 .0 3 0 3 3 0 .0 2 9 9 7

55 0 .0 3 1 7 6 0 .0 3 1 1 9 0 .0 3 0 8 3 0 .0 3 0 3 4 0 .0 3 0 0 9 0 .0 2 9 6 7

60 0 .0 3 1 6 0 0 .0 3 1 0 3 0 .0 3 0 5 9 0 .0 3 0 1 6 0 .0 2 9 8 0 0 .02941

65 0 .0 3 1 4 7 0 .0 3 0 8 8

70 0 .0 3 1 3 4

See g ra p h  1 1 .
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Grat>h 11

G raph  o f  vs^, t im e  a t  t h e

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

•H
•H

•H

•H

0.01+68 M•H

0.0602  M

0 . 0 7 3 3  M

0.0867 M

•H

•H 0 . 1 0 0 3  M

602+0 5030 710 00 20
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Graph 11. Comments,

The c o n c e n t r a t i o n - t im e  g ra p h s  p l o t t e d  i n  t h i s  s tu d y  

a re  t y p i c a l  o f  th o s e  o b ta in e d  th ro u g h o u t  t h e  w ork  on th e  

o x id a t io n  o f  t h i o s u l p h a t e  by  h a l a t e  io n .  To a v o id  r e p e t i t i o n  

th e  rav/ e x p e r im e n ta l  d a t a  w i l l  b e  o m it te d  f o r  s u b s e q u e n t  

k i n e t i c  r u n s .

Tabl e  h i .

d t
-1

3 Jo

M, M, m in

0.0332  2.66

0 . 0 4 6 8  3 . 9 8

0 . 0 6 0 2  4 . 6 0

0 . 0 7 3 8  5 . 5 8

0 . 0 8 6 ?  6 .3 6

0 .1 0 0 3  7 . 4 8

G raph  12 show s t h a t  a  p l o t  o f  I n i t i a l  r a t e  v s ,

( d a ta  shown i n  t a b l e  41 ) i s  l i n e a r  and  p a s s e s  th r o u g h  th e  

o r i g in .  The o r d e r  w i th  r e s p e c t  t o  i o d a t e  i s  o n e .



1 5 3 .

G raph  1 2 .

G raph  o f  i n i t i a l  r a t e  v s .  [ lO ^  ] .

7 . 0

6 . 0 •H

5 . 0

•H
-P
•H

H

3 . 0

2.0

0.0
0 .060 . 0 4 0 .0 8 0 . 1 00 . 0 0 . 0 2

C-TO,~] K.
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(b) Order w i th  r e s p e c t

[ lO jT

[32“ 3 ^ 'J  *

pH

T e m p e ra tu re

M.

0.0140

0 .0 2 0 9

0 ,0 2 6 0

0 .0 3 1 3

0 .0 3 6 5

0.0416

Ta b le  42 .

0 .0 3 5 0  M.

0 .0 5 2  M.

7 .3 2

2 5 .0  -  0 .0 2 ° C .

[Na+]

[HPOi^M

[^ 2 ° 3 ^ ~ ]^  X 10-

M.2

0 .1 9 7

0 .4 3 7  

0 .6 7 6  

0.980  

1 .3 3 2

1.731

d t  

M, m in 

0.48  

0 .9 5  

1 .5 5  

2 .2 2  

2 .8 5  

3 .8 2

0 .3 4 0  M. 

0 .0 9 0  M.

0 .0 1 9  M.

X 10- 

-1

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

H ow ever, g ra p h  13 shows t h a t  a  p l o t  o f  i n i t i a l  r a t e  v s ,

g iv e s  a  s t r a i g h t  l i n e  p a s s in g  th ro u g h  th e  o r i g i n .  

The o rd e r  w i t h  r e s p e c t  t o  t h l o s u l p h a t e  i s  tw o .
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Graph 1 3 .

Graph o f  I n i t i a l  r a t e  v s .

4 . 0

3 . 5

3 . 0

2 . 5

2.0

1 . 5

1 . 0

0 . 5

•H

•H

0.0 
0.0 0 . 4 0 .8 1 . 2 1 . 6

I â 2 % —
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(c)  Or d er  w i th  r e s p e c t  to  JL^.

B u f f e r s  p r e p a r e d  a s  i n  A ppend ix  I l i a .

= 0 .0 2 4 9  M. [rfa'*’] = 0 . 0 7 6  M.

0 .0 2 5 6  M. M  = 1 . 0 0 0  M.

T e m p e ra tu re  = 2 5 . 0  -  0 . 0 2 ° G . [hpO. = 0 .0 3 3  M.

[HgPO^"] + [ N 0 ,“ ] = 0 . 9 6 7  M.

pH X 1iO® (ajj+)^ X 10^5
a [ s 2 0 ^ - ]

d t

M. U.^ M. min""'^

7 . 5 5 2 . 8 2 0 . 8 0 0 .4 8

7 .4 3 3 . 7 2 1 . 3 8 0 . 7 3

7 .3 7 4 . 2 7 1 . 8 2 1 .0 2

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

7 .1 7 6 .7 6 4 . 5 7 2 . 1 2

7 .12 7 . 5 9 5 . 7 6 3 . 1 5

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

However, g ra p h  14 shows t h a t  a  p l o t o f  i n i t i a l  r a t e  v s .  (a ^ + )

g iv e s  a  s t r a i g h t  l i n e  p a s s i n g  th ro u g h  t h e  o r i g i n .  The o r d e r  

w ith  r e s p e c t  t o  h y d ro g e n  io n  i s  tw o .
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Graph iU>

G raph  o f  " i n i t i a l  r a t e  v s .

k.O

•H
3 .0

•rJ

2.0  '

M

6 . 05 .03 .02 . 0

X 10^5 ,>^2
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X H l-T he„B rorto tt-^^^  

Ï A L a id e jL w i th  m s £ .e ç t „ to ,  B r£  "

[NO "J + [BrO - ]

[82O / - ]

pH

T e m p e ra tu re

[B rC y -]

M.

0 .0 3 1 3

0 .0 6 2 5

0 .0 9 3 8

0 .1 2 5 0

0 .1 5 6 3

0 .1 8 7 5

0 .2 1 8 8

0 .2 5 0 0

T a t l e J A s .

0 .2 5 0  M. [Na+]

0 .0 2 0 0  M. [£■*■]

6 .5 4

2 5 .0  -  0 . 0 2 °C . [HgPO^"] 

2 - -

4 3 2 ° 3  1
d t

M. m in 

0 .3 7  

0 .7 5  

1 .0 9  

1 .V i  

1.86 

2 .2 6  

2.62

3.01

X 1,0-

-1

0 .0 4 0  M. 

0 .4 0 0  M. 

0 .0 3 0  M. 

0 .0 5 0  M.

G raph  13 show s t h a t  a  p l o t  o f  i n i t i a l  r a t e  v s .  [B rO ^"]^  

i s  l i n e a r  and  p a s s e s  th r o u g h  th e  o r i g i n .  The o r d e r  w i th  

r e s p e c t  t o  h ro rn a te  i s  o n e .
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Graph 15.

Graph o f  I n i t i a l  r a t e  v s ,

U .o

3 .0

•H

lA

2 .0
■H

■H

H

0.0
0 .2 50 . 2 00 .150 . 1 00 .050.0
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(b) Order w i th  r e s p e c t

[Br03- ]

pH

T e m p e ra tu re

[8 p O ,2 - ]2~3

M.

0 .0 1 2 5

0 .0 1 8 8

0 .0 2 5 0

0 .0 3 1 3

0 .0 3 7 5

0 .0 4 3 8

0 .0 5 0 0

0.0200 M.

0 .0 5 0  M. 

5 .6 8

[Na+J

[%+]

25 .0  -  0 .0 2 ° C . [HgPO. “ ]

2 

d t

M. m in" 

1.06  

1 .60 

2 . 1 0  

2 .6 7  

3.21  

3 .7 2  

4 .31

X 10-

0 ,1 2 5  M. 

0 .1 0 8  M. 

0 .0 1 2  M. 

0 .0 8 8  M.

G raph  16 show s t h a t  a  p l o t  o f  i n i t i a l  r a t e  v s  

i s  l i n e a r  and  p a s s e s  th r o u g h  th e  o r i g i n .  The o rd e r  w i th  

r e s p e c t  t o  t h i o s u l p h a t e  i s  o n e .
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Graph 16.

Graph o f  i n i t i a l  r a t e  v s .

3 .0

• p

•H
•H
H

0.0
0 .0 50 .0 30 , 0 20 .010.0
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(c )  Or d e r  w i th  r e s p e c t  to

B u f f e r s  p r e p a r e d  a s  i n  A ppend ix  I l l h .

T ab le  U6.

[BrO ” ] = 0 .1 0 0  M. [Na*] = 0 .0 4 0  M.

= 0 .0 2 0 0  M. [k"^] = 0 .4 0 0  M.

T e m p e ra tu re  = 2 5 .0  -  0 .0 2 ° C . [hPOj^^~] + [S 0 .^ ~ ]  =  0 .1 0 0  M.

[HgPO^"] + [no " ]  = 0 .1 0 0  M.

j  d [ S p O ^ “ ] c
pH a»+ X 1 , 0 '  ^ ' X 10^

“  d t
M. M. m in” ”'

7 .1 4  0 .7 2  0 .2 6

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

6 .6 3  2 .3 4  1 .1 5

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

6 .41  J .8 9  2 .11

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

The e x p e r im e n ta l  r e s u l t s  do n o t  s a t i s f y  f i r s t  o r  se co n d  

o rd e r  r a t e  la w s ,  s i n c e  th e  l i n e a r  f i r s t  o rd e r  p l o t  d o e s  n o t  

p a s s  th r o u g h  th e  o r i g i n  and a  seco n d  o rd e r  p l o t  i s  c u r v e d .

I f ,

I n i t i a l  r a t e  = k  [a] ^  

th e n ,  t a k i n g  l o g a r i th m s ,

log^Q  I n i t i a l  r a t e  = n  lo g ^ ^  [a ] + lo g ^ ^  k

H ence, a  g ra p h  o f  lo g ^ ^  i n i t i a l  r a t e  v s .  lo g ^ ^  [a ] w i l l

have a  s lo p e  o f  n ,  t h e  o rd e r  o f  r e a c t i o n  w i th  r e s p e c t  t o  A .
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Table U7.

pH 6 + log^.Q :

7 .1 4 0 .4 1 5

6 .9 5 0 .6 5 3

6 .6 3 1 .061

6 .5 3 1 .1 6 4

6 .4 1 1 .3 2 4

6 .2 2 1 .5 4 4

Prom g ra p h  1?  ( d a t a  shown i n  t a b l e  4 7 ) n  = 1 .2 4 .  

A c c o rd in g  t o  E dw ards ( l  ) t h e  o rd e r  w i t h  r e s p e c t  t o  h y d ro g e n  

io n  i s  one ; t h e  h ig h  v a lu e  o b se rv e d  h e r e  im p l i e s  t h a t  th e  

r e a c t i o n  may u n d e rg o  g e n e r a l  a c id  c a t a l y s i s  t o  some e x t e n t ,  

t h a t  i s ,  t h e  r a t e  a l s o  d e p en d s  on th e  c o n c e n t r a t i o n  o f  one 

or m ore o f  th e  a c i d s  p r e s e n t .  The o b v io u s  p o s s i b i l i t y  i s  

H2PO4  , and  th e  f o l lo w in g  r a t e  law  w as fo u n d  t o  b e  c o n s i s t e n t  

w i th  th e  o b s e r v a t i o n s :

= 2 4  + 475  [ h ^ O ." ]
V  ^

T a b le  48 show s a  c o m p a riso n  b e tw ee n  i n i t i a l  r a t e s  

p r e d i c t e d  fro m  t h e  above  r a t e  e x p r e s s io n  and  th o s e  o b s e rv e d  

u n d e r e x p e r im e n ta l  c o n d i t i o n s .  ] was fo u n d  from

ap p en d ix  I l l b ,  w here  t h e  p r e p a r a t i o n  o f  t h e  b u f f e r  m ix tu r e s  

i s  d e s c r ib e d t

T h e re  i s  a  c lo s e  a g re em e n t b e tw e e n  o b se rv e d  and 

p r e d i c te d  v a l u e s .
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Ta b le  48.

0LJJ+ X 10?  

M.
[H2PO4I

M.

P re d ic te d p . 
r a t e  X 10

M. min"^

O bserved  
r a t e  X 1:0

M, min""^

0 .7 2 0 .0 2 5 0 0 .2 6 0 .2 6

1 .1 2 0 .0 3 3 3 0 .4 5 0 .4 5

2 .3 4 0 .0 5 0 0 1 .1 2 1 .1 5

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

3 .8 9 0 .0 6 2 5 2 .0 9 2 .11

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

N o te .

A l l  s u b s e q u e n t  k i n e t i c s  e x p e r im e n ts  on t h e  o x i d a t i o n  

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

r e a c t i o n  i n v o lv in g  i o d a t e .
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Graph 17.

G raph  o f  ^ I n i t i a l  r a t e  v s .  pH.

2.0

S lo p e  = -  1 .2 U .

H
♦H
■P•H
•H

0 . 8
M

0.6

6 .56 . 0 7 .0
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S jp lv en t I s ^ o p e  E f f e c t  on t h e R a te  o f  R e a c t io n .

P r e l im in a r y  e x p e r im e n ts  t o  d e te rm in e  th e  o r d e r  w i th  

r e s p e c t  t o  r e a c t a n t s  h ave  shown t h a t  tw o h y d ro g e n  io n s  a r e  

in v o lv e d  i n  t h e  e v e n ts  l e a d in g  up  t o  t h e  r a t e  d e te r m in in g  

s t e p .  S in c e  th e  p o s i t i o n  o f  p r o t o n a t io n  e q u i l i b r i a  i s  

g e n e r a l l y  m o d if ie d  on c h a n g in g  th e  s o lv e n t  fro m  H^O t o  

th e  i s o to p e  e f f e c t ,  w h ic h  i s  assum ed t o  be  i n  t h e  same 

d i r e c t i o n  f o r  e a c h  o f  t h e  tw o h y d ro g e n  io n s  in v o lv e d  i n  t h i s  

i n v e s t i g a t i o n ,  w i l l  b e  a d d i t i v e  and  may c o n s e q u e n t ly  b e  

q u i t e  m ark e d . B a r to n  and  W rig h t (l+T) h ave  fo u n d  t h a t  th e  r a t i o  

o f  r a t e  c o n s t a n t s  k ^ k ^  f o r  t h e  p o s s i b l y  a rid lo g o u s i o d a t e  

o x i d a t io n  o f  io d id e  i o n  i s  9 . 8 ,  r e p r e s e n t i n g  a  v e ry  l a r g e  

i n c r e a s e  i n  r a t e  i n  DgO.

I t  was c o n s id e r e d  t h a t  a  know ledge  o f  th e  s o lv e n t  

i s o to p e  e f f e c t  on th e  i o d a t e  t h i o s u l p h a t e - r e a c t i o n  w ould  b e  

o f  c o n s id e r a b le  m e c h a n is t i c  v a lu e .

S o l u t i o n s  f o r  k i n e t i c  s t u d i e s  i n  H^O and  i n  D^O w ere  

p r e p a r e d  i n  e x a c t l y  t h e  same v/ay, 0 .2 0 0  g .  * Ra^HP0j^.2H^0 

and 0 .5 0 0  g .  EIO^ w ere  w e ig h ed  d i r e c t l y  i n t o  a  50 m l. 

v o lu m e tr ic  f l a s k .  2 m l, aq u eo u s 0 .7 5  M. K H ^O ^ w ere  added  and  

th e  s o l u t i o n  made up  t o  th e  m ark w i th  H^O o r  DgO. The 

t h io s u lp h a t e  p a r t  o f  th e  r e a c t i o n  m ix tu re  was p r e p a r e d  by  

d i l u t i o n  o f  2 m l, a q u eo u s  1 .0 0  M. # 02820^ t o  50 m l. w i th  

HgO o r  D2O. E q u a l vo lum es o f  i o d a t e  and o f  t h i o s u l p h a t e  

s o l u t io n s  w ere  u s e d  f o r  k i n e t i c  w ork and  10 m l. a l i q u o t s  

o f  r e a c t i o n  m ix tu re  w ere  v /ith d raw n  f o r  a n a l y s i s .

* Na2HP0^ . 2H20  was p r e p a r e d  by  d r y in g  th e  d e c a h y d ra te  s a l t  

over a n h y d ro u s  c a lc iu m  c h lo r id e  f o r  s e v e r a l  w e e k s . The 

c o m p o s itio n  o f  th e  s a l t  w as fo u n d  t o  b e  99,5% Na2HP0^ ^ 2H20  

by pH t i t r a t i o n  w i t h  HCl b e f o r e  u s e .



167 ,

I n  th e  c a s e  o f  H^O th e  r e a c t a n t s  w ere  p r e p a r e d  t w : c e ,  

th e  t h i o s u l p h a t e  b e in g  made up  from  i t s  s t o c k  s o l u t i o n ,  i n  

o rd e r  t o  c h e c k  th e  r e p r o d u c i b i l i t y  o f  th e  m ethod,.

The e x p e r im e n ta l  r e s u l t s  a r e  l i s t e d  i n  t a b l e  ii9 .

[ l O j ' l

pH ( i n  HgO)

0 .0 2 3 4  M. 

0 .0 2 0 0  M. 

7 .5 7

Ta b le  of I S „0

Time 
(m in s )

0

30

ho

60

80

90

120

150

160

200

210

21+0

280

M. a s  a  f u n c t i o n  o f  t im e  

i n  th e  s o l v e n t s  show n.

HgO

0.02000

0 .0 1 9 8 7

0 .0 1 9 7 4

0 .0 1 9 6 3

0 . 01949 

0 . 01939

0.01925 

0.0191 "I

H^O

0.02000 

0 .0 1 9 8 7  

0.01972 

0.01962 

0 . 01949

0.01939

0.01924

0.01910

96^  D^o

0,02000

0.01991

0 .0 1 9 8 2

0 .0 1 9 7 5

0 .0 1 9 5 8

0 .0 1 9 3 7
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I t  i s  e v id e n t  fro m  th e  e x p e r im e n ta l  f i g u r e s  t h a t  t h e  

p r e p a r a t i o n  o f  r e a g e n t s  and  th e  m ethod  o f  f o l lo w in g  th e  

r e a c t i o n  i s  r e p r o d u c i b le  i n  HgO. P r a c t i c a l l y  n o  k i n e t i c  

i s o t o p e  e f f e c t  w as o b s e rv e d  on c h a n g in g  th e  s o lv e n t  from  

HgjO t o  DgO.

Some d i f f i c u l t i e s  a r i s i n g  from  an  a t te m p t  t o  e x p la in  

s o lv e n t  i s o t o p e  e f f e c t s  o f  t h i s  ty p e  h av e  b e e n  p r e v i o u s ly  

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

r e a c t i o n  ( s e e  p a g e  6 6 ) .  A s a t i s f a c t o r y  e x p la n a t io n  w as 

e v o lv e d  by  c o n s id e r in g  t h e  m o d i f i c a t io n  t o  th e  p o s s i b l e  

p r o t o n a t i o n  e q u i l i b r i a ,  a r i s i n g  from  th e  s o lv e n t  c h a n g e , and  

t h e i r  s u b s e q u e n t  e f f e c t  on th e  c o n c e n t r a t i o n  o f  a  s u i t a b l e  

k i n e t i c a l l y  im p o r ta n t  i n t e r m e d i a t e .

The m o d i f i c a t i o n  t o  t h e  h y d ro g e n  io n  c o n te n t  o f  t h e  

r e a c t io n !  m ix tu r e  m ust be  t h e  f i r s t  c o n s i d e r a t i o n ,  A p h o s p h a te  

b u f f e r ,  c o n s i s t i n g  o f  a  m ix tu re  o f  and  i o n s ,

was u s e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  pH o f  su c h  a  

sy s tem  b e in g  g iv e n  b y :

[h po7 “ ]
pH = pK + log ., Q  -----

°  [H gPO ^]

P r o v id e d  t h a t  t h e  r a t i o  o f  '’a c i d ” t o  ’’s a l t ” i s  k e p t  

c o n s ta n t  th e  pH o f  t h e  medium w i l l  d ep en d  on t h e  pK o f  th e  

a c id ,  HgPO^"". A c c o rd in g  t o  R u le  and  La Mer (1+8) th e  

d ih y d ro g e n  o r th o p h o s p h a te  io n  i s  a  wesiker a c id  i n  DgO by  

0 .56  u n i t s  o f  pK, b u t  a  m ore r e c e n t  s tu d y  (3 0 ) s u g g e s ts  t h a t  

th e  A pK , t h a t  i s ,  t h e  d i f f e r e n c e  b e tw e e n  th e  pK i n  DgO 

and i n  H2 O, i s  a  som ew hat h ig h e r  v a lu e  o f  0.61+* A mean v a lu e  

of 0 .6 0  i s  c o n s id e r e d  a c c e p ta b le  and  r e p r e s e n t s  an  e f f e c t i v e
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r e d u c t i o n  i n  th e  h y d ro g e n  io n  c o n c e n t r a t i o n  by  a  f a c t o r  o f  U,  

A c c o rd in g  t o  E dw ards ( 1 ,2 1 )  th e  f a t e  o f  h y d ro g e n  io n s  

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

p r e - e q u i l i b r i u m  w i t h  i o d a t e  t o  fo rm  th e  " s u p e r a c id ” 

t h a t  i s ;

i c y "  + H'*’ HIO,

HXO, + H+ H2.I0,+

th e  m echanism  o f  o x i d a t i o n  b e in g  a n a lo g o u s  t o  oxygen e x ch an g e  

b e tw e e n  t h e  a n io n  and w a t e r .  T h e - l a t t e r  r e a c t i o n  h a s  r e c e n t l y  

b e e n  s t u d i e d  b y  m eans o f  oxygen-1 7  n u c le a r  m a g n e tic  r e s o n a n c e  

(1+9) w here  a  r a t e  la w , se c o n d  o rd e r  w i th  r e s p e c t  t o  h y d ro g e n  

and  f i r s t  o r d e r  w i th  r e s p e c t  t o  i o d a t e ,  was o b s e rv e d  a t  h ig h  

a c id  c o n c e n t r a t i o n s .  The m echanism  i n v o lv in g  a  d o u b le  

p r o t o n a t io n  w as p ro p o s e d ,  how ever th e  i d e n t i t y  o f  t h e  s p e c i e s  

i s  e x p e c te d  t o  b e  som ewhat m ore com plex  th a n  t h a t  p u t  

fo rw a rd  b y  E dv /ards. Heavj" h y d r a t io n  o f  t h e  i o d a t e  io n  i s  

s u p p o r te d  by  i t s  low  c o n d u c ta n c e  com pared w i t h  t h a t  o f  

c h lo r a t e  o r  b ro rn a te  I o n ,  and  th e  i n i t i a l  p r o to n a t io m  i s  b e s t  

w r i t t e n  a s ;

103" ^  H 3 l0^

The c o m p o s i t io n  o f  th e  d i - p r o t o n a t e d  fo rm  i s  n o t  know n, 

i t  may p o s s i b l y  be o r  •

I n  o rd e r  t o  e x p la in  th e  o b s e rv e d  s o lv e n t  i s o t o p e  e f f e c t  

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

c o n s id e r  n o t  o n ly  th e  e f f e c t  o f  s o lv e n t  change  o f  t h e  two 

p r o t o n a t io n  e q u i l i b r i a ,  b u t  a l s o  on th e  p o s s i b l e  f a c t o r s  

a r i s i n g  from  t h e  d e -a q u a t io n ,  o f  i o d a t e  d u r in g  i t s  r a t e  

d e te rm in in g  i n t e r a c t i o n  w i t h  t h i o s u l p h a t e .
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The e f f e c t  o f  s o l v e n t  ch an g e  on  i s  know n.

b e in g  th e  w eak er a c id  by  0 ,3  u n i t s  o f  pK ( 5 0 ) ,  The 

r e m a in in g  v a r i a b l e s  a r e  a s  y e t  unknown and  c o n s e q u e n t ly  a  

t h e o r e t i c a l  v a lu e  f o r  th e  s o lv e n t  i s o to p e  e f f e c t  i n  t h i s  

i n v e s t i g a t i o n  c a n n o t  be  c a l c u l a t e d .  A u s e f u l  g u i d e l i n e  c o u ld  

have  b e e n  o b ta in e d  from  th e  s o lv e n t  i s o t o p e  e f f e c t  on t h e  

r a t e  o f  ex ch an g e  o f  oxygen b e tw e e n  i o d a t e  and w a te r ,  how ever 

no  s u c h  w ork  h a s  y e t  b e e n  r e p o r t e d .

A p o s s i b i l i t y  w h ic h  m ust be  c o n s id e r e d  i s  one w here  

th e  r e a c t i n g  s p e c i e s  a r e  KSgO^*” and  HIO^, t h a t  i s :

+ HIO^ +  ̂ (co m p lex )^ " ' > p r o d u c ts

The e f f e c t  o f  DgO on t h e  s t a b i l i t y  c o n s t a n t  o f  th e  fo rm e r  

io n  p a i r  h a s  b e e n  c o n s id e r e d  d u r in g  th e  i n v e s t i g a t i o n  o f  

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

b e tw een  lO ^" and  w i l l  o c c u r  i n  w e a k ly  a c i d i c  m ed ia  w i th  

a  r a t e  law  w h ic h  i s  o f  f i r s t  o r d e r  w i t h  r e s p e c t  t o  h y d ro g e n  

io n  and  i o d a t e  i o n .  A A pK v a lu e  o f  0 .3 5  f o r  HS20^~ and  0 ,3 0  

f o r  r e p r e s e n t s  an  e f f e c t i v e  i n c r e a s e  i n  th e

c o n c e n t r a t i o n  o f  th e  s p e c i e s  by  a  f a c t o r  o f  2 ,2  and  2*0  

r e s p e c t i v e l y .  I t  s h o u ld  b e  n o te d  t h a t  th e  A pK  v a lu e  f o r  

'^HIO^” t a k e s  i n t o  a c c o u n t any  e f f e c t  o f  a q u a t io n  c h an g e s  

on g o in g  from  f r e e  i o d a t e  t o  t h e  a c id  fo rm ,

A r a t e  e q u a t io n  i n  D^O may b e  w r i t t e n  i n  te rm s  o f  t h e  

v a r io u s  c o n c e n t r a t i o n s  i n  H2O a s  f o l lo w s :

R ate^ = k ' [hS^O^ ]
^  4 .0  X UoO -  ^

w here k* i s  th e  r a t e  c o n s ta n t  i n  H^O. 

H ence — ^  = 0 .2 8
RatO jj
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A r e t a r d a t i o n  o f  r a t e  i n  D^O i s  th u s  p r e d i c t e d .  H ow ever, i n  

t h e  l i g h t  o f  th e  p r e v io u s  e v id e n c e  i t  i s  l i k e l y  t h a t  

c o n s id e r a b le  in v o lv e m e n t o f  w a te r  w i l l  s t i ? l  o c c u r  p r i o r  t o  

th e  r a t e  d e te r m in in g  s t e p ,  m o d ify in g  th e  i s o t o p e  e f f e c t  i n  

some unknow n w ay. F o r  t h i s  r e a s o n  a  q u a n t i t a t i v e  c o r r e l a t i o n  

b e tw e e n  o b s e rv e d  and p r e d i c t e d  s o lv e n t  i s o to p e  e f f e c t s  c a n n o t  

b e  made h e re >

The d i f f e r e n c e  i n  i s o to p e  e f f e c t s  b e tw e e n  t h a t  o b se rv e d  

f o r  t h e  i o d a t e - i o d i d e  r e a c t i o n  ( 47)5  k ^ k ^  = 9 . 8 , and  t h a t  

fo u n d  f o r  th e  i o d a t e - t h i o s u l p h a t e  r e a c t i o n ,  th e  m echan ism s 

o f  w h ic h  a r e  l i k e l y  t o  b e  a n a lo g o u s ,  h a s  t o  b e  e x p la in e d .

I f  t h e  d i s c r e p a n c y  i s  due t o  th e  d i f f e r e n t  s t a t e s  o f  a q u a t io n  

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

co m p lex , th e n  th e  m a g n itu d e  and d i r e c t i o n  o f  t h e  e f f e c t  

w i l l  d ep en d  on a  l a r g e  num ber o f  unlaiow ns and  a t  t h i s  s t a g e  

th e  p ro b le m  i s  i n s o l u b l e .  H ow ever, s i n c e  no  d e t a i l s  o f  th e  

r e a c t i o n  c o n d i t i o n s  f o r  HpO/D^O e x p e r im e n ts  w ere  g iv e n  i n  th e  

p a p e r ,  i t  may b e  s p e c u la te d  t h a t ,  i n  o rd e r  t o  a v o id  

c o m p l ic a t io n s  a r i s i n g  from  th e  s o lv e n t  i s o to p e  e f f e c t  on th e  

b u f f e r ,  t h e  l a t t e r  was o m it te d .  U nder t h e s e  c i r c u m s ta n c e s  

th e  e f f e c t i v e  f o u r f o l d  r e d u c t io n  i n  h y d ro g e n  i o n ,  c a l c u l a t e d  

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

i n  th e  u n b u f f e r e d  sy s te m  and  t h i s  r e p r e s e n t s  a  p o s s i b l e  

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

by  B a r to n  and  W rig h t w as some t e n  t im e s  g r e a t e r  th a n  t h a t  

o b se rv e d  f o r  th e  i o d a t e - t h i o s u l p h a t e  r e a c t i o n ,  i n  

a p p ro x im a te  a g re e m e n t w i th  th e  above  s u p p o s i t i o n .
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The E f f e c t  o f  Added S a l t s  on th e  R a te  o f  R e a c t io n .

Some p r o p e r t i e s  o f  r e a c t a n t  m ix tu r e s  and  o f  t h e  a c t i v a t e d  

com plex  i n  t h e  p r e s e n c e  o f  added  n e u t r a l  s a l t s  h av e  a l r e a d y  

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

r e a c t i o n  ( s e e  p a g e  7 5 ) .  I t  was fo u n d  t h a t ,  a f t e r  s p e c i f i c  

e f f e c t s  o f  i o n  a s s o c i a t i o n  had  b e e n  ta k e n  i n t o  a c c o u n t ,  a  

r a t e  e q u a t io n  c o u ld  b e  w r i t t e n  w h ic h  was c o n s i s t e n t  w i th  t h e  

B r /n s t e d  f o r m u la t io n  f o r  a  non  i d e a l  s y s te m .

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

in v o lv e  tw o t h i o s u l p h a t e  i o n s ,  tw o h y d ro g e n  io n s  and  one 

io d a t e  i o n  i n  t h e  s lo w e s t  s t e p  o f  th e  m echan ism ,

2 + 2 H'*’ + 10^*" ;—^ ( a c t i v a t e d  com plex)^"*

4 '
p r o d u c ts

A c c o rd in g  t o  th e  B r /n s t e d  th e o r y  th e  r a t e  c o n s t a n t  f o r  a  

r e a l  sy s te m  i s  g iv e n  b y  :

^  ^  H'*' ^ I 0 ,~
k  = k  -, . — ^ ■ ■■ .....— ^  . .  . .  ( i )

(co m p lex )

w here i s  th e  r a t e  c o n s ta n t  when th e  a c t i v i t y  c o e f f i c i e n t s  

(d e n o te d  b y  f )  a r e  u n i t y .

I f  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  io n  i n  w a te r  a t  25^C 

i s  r e p r e s e n t e d  b y  th e  e q u a t io n :

-  log^Q  t  = 0 .5 0 5  F ( I )

Where z i s  t h e  c h a rg e  on th e  io n  and  P ( l )  i s  some f u n c t i o n  

o f i o n i c  s t r e n g t h ,  th e n  e q u a t io n  ( i )  becom es:

log.j,Q k  = lo g ^ g  k ^  -  0 .5 0 5  ( 2 X 4 + 2 X 1  + 1  - 9 ) P ( l )
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o r ,
lo g + 0  k  = lo g ^ o  .. 1 ,0 1  F ( I )

T h a t i s ,  a  r e t a r d a t i o n  i n  r a t e  s h o u ld  accom pany an  i n c r e a s e  

i n  i o n i c  s t r e n g t h  i f  F ( l )  IS p o s i t i v e .

A s e r i e s  o f  k i n e t i c  e x p e r im e n ts  v;as c a r r i e d  o u t 

c o n ta in in g  v a r i o u s  am ounts o f  added  sod ium  o r  p o ta s s iu m  

n i t r a t e  w i t h in  t h e  r a n g e  o f  i o n i c  s t r e n g t h  0 ,2  -  0 , 8 ,  t h e  

i n i t i a l  c o n c e n t r a t i o n  o f  a l l  o th e r  s p e c i e s  b e in g  k e p t  c o n s t a n t , 

The e x p e r im e n ta l  r e s u l t s  a r e  l i s t e d  i n  t a b l e  5 0 .



174,

Table 3 0 .

-1 0 .0 2 5 2 M, L H 2 ?V ^ = 0 .0 0 6 7

[103“] 0 .0 2 5 2 M, = 0 .0 3 3 3

T e m p e ra tu re = 2 5 .0  ± 0 .0 2 ° C ,

[Wa+] [%+] [NO3 - ] pH I*
d t

M. M. M. M, min*"**

0 .1 4 2 0 .0 0 7 - 7 .4 4 0 .21 0 .6 4

0 .2 4 2 0 .0 0 7 0 .1 0 0 7 .3 3 0 .31 0 .8 6

0 .1 4 2 0 .1 0 7 0 .1 0 0 7 .3 7 0 .31 0 .9 6

0 .3 4 2 0 .0 0 7 0 .2 0 0 7 .2 3 0 .4 1 1 .0 3

0 .1 4 2 0 .2 0 7 0 .2 0 0 7 .3 0 0 .41 1 .1 7

0 .4 4 2 0 .0 0 7 0 .3 0 0 7 .1 6 0 .51 1 ,2 6

0 .1 4 2 0 .3 0 7 0 .3 0 0 7 . 2 4 0 .51 1 .41

0 .5 4 2 0 .0 0 7 0 .4 0 0 7 .11 0 .61 1 .5 0

0 .1 4 2 0 .4 0 7 0 .4 0 0 7 .21 0 .61 1 .6 4

0 .6 4 2  ■ 0 .0 0 7 0 ,5 0 0 7 .0 7 0 .71 1 .3 7

0 .1 4 2 0 .5 0 7 0 ,5 0 0 7.21. 0 .7 1 1 ,8 0

0 .7 4 2 0 .0 0 7 0 .6 0 0 7 .0 6 0 .81 1 .8 3

0 .1 4 2 0 .6 0 7 0 .6 0 0 7 .2 0 0 .81 1 .9 5

* C a lc u la t e d  fro m  i n i t i a l  r e a c t a n t  c o n c e n t r a t i o n s .
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S â lS u la t io n _ ^ I o n .P ^

The p o s s i b l e  i n t e r a c t i o n s  b e tw e e n  o p p o s i t e l y  c h a rg e d  

io n s  c o n s t i t u t e  m a jo r  d e v i a t i o n s  from  th e  B r /n s t e d  t h e o r y .

As a  r e s u l t  o f  i o n  p a i r i n g ,  ’’f r e e ” r e a c t a n t  c o n c e n t r a t i o n  

m ay, d e p e n d in g  on t h e  c h a rg e  o f  th e  s p e c i e s  i n  q u e s t io n ,  be  

v e ry  much l e s s  th a n  t h a t  p u t  i n .  C o n s e q u e n tly , i f  a  s p e c i e s  

i s  r e n d e r e d  i n a c t i v e  by  io n  a s s o c i a t i o n ,  t h i s  l o s s  m ust b e  

t a k e n  i n t o  a c c o u n t .  Even i f  a n  io n  p a i r e d  r e a c t a n t  i s  a s  

r e a c t i v e  a s  t h e  f r e e  s p e c i e s ,  io n  a s s o c i a t i o n  m ust be  

c o n s id e r e d  when c a l c u l a t i n g  th e  t r u e  i o n i c  s t r e n g t h  o f  t h e  

medium.

The te n d e n c y  f o r  io n s  o f  u n l ik e  c h a rg e  t o  fo rm  com plexes 

h a s  a l r e a d y  b e e n  c o n s id e re d  Cor th e  f e r r i c y a n i d e - t h i o s u l p h a t e  

r e a c t i o n  ( s e e  p ag e  7 6 ) .  I t  c an  b e  c o n c lu d e d  t h a t ,  i n  t h e

p r e s e n t  s y s te m , w here  th e  m ost h ig h ly  c h a rg e d  a n io n s  a r e
2— 2—an d  HPOj^ , th e  o n ly  io n  p a i r s  w h ic h  r e a c h  a

s i g n i f i c a n t  c o n c e n t r a t i o n  w i l l  be  and  MÏÏPO^ w here

i s  Na'*’ o r I n  g e n e r a l .

ml"  - ....... ^ 4 L^"

Where L "" i s  a  d i v a l e n t  l i g a n d .  I t  h a s  a l s o  b e e n  shown t h a t

th e  d i s s o c i a t i o n  c o n s ta n t  o f  ML~ i s ,  t o  a  f i r s t  a p p ro x im a t io n ,
2"in d e p e n d e n t o f  t h e  n a tu r e  o f  L "  b u t  d e p en d s  o n ly  on i t s  

c h a rg e  and  on t h e  n a tu r e  o f  M***, H ence:

2-1 _ 2-1 Hr__2 -

The e x p e r im e n ta l  d a t a  shown i n  t a b l e  50 may b e  c o n s id e r e d  

as a r i s i n g  fro m  tw o ty p e s  o f  sy s te m  a s  f a r  a s  th e  c a l c u l a t i o n  

o f io n  p a i r s  i s  c o n c e rn e d .
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( a ) .  The f i r s t  ty p e  i s  one w here  o n ly  one c a t i o n  i s  p r e s e n t  

t o  any  a p p r e c i a b le  e x t e n t .

C o n s id e r in g  th e  e q u i l i b r iu m  w i th  sod ium  io n ,

NaL“ Na*  ̂ +

f o r  an  i n i t i a l  c o n c e n t r a t i o n  ” a ” o f  Na"*" and  " b ” o f  

t h e n ,  i f  a t  e q u i l i b r iu m  t h e  am ount o f  NaL*" i s  ”2:” ,

w here  th e  e q u i l i b r iu m  c o n s ta n t  K, f o r  a  r e a l  sy s te m  i s  

g iv e n  b y ;

K = Ko y  1 0 ^ '0 2  F ( I )  

v /here Ko = 0 .2 1  M, and

p ( i )  =  ^  -  0 . 2 1
1 4 y  I

Q
H ence , x  - ( a + b + K ) x + a b  = 0

The q u a d r a t i c  may be  s o lv e d  f o r  x ,

2 A

( th e  p o s i t i v e  r o o t  g iv e s  an  answ er w h ic h  i s  i n a d m is s ib l e )  

w here A = 1 ; B =  - ( a  + b + K )  and  0 = a b •

( b ) .  The se c o n d  ty p e  o f  sy s te m  c o n ta in s  b o th  sod ium  and

p o ta s s iu m  io n s  a t  c o m p a rab le  c o n c e n t r a t i o n .  The tw o p o s s i b l e  

e q u i l i b r i a  m ust be  c o n s id e r e d  s im u l ta n e o u s ly ;

NaL~  ̂ '  Na'*' +

kl"  — : > E+ +

I f ,  a t  e q u i l i b r iu m  t h e  am ount o f  KL“" fo rm ed  i s  ”y ”
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f o r  an  i n i t i a l  p o ta s s iu m  io n  c o n c e n t r a t i o n  ” c ” th e n ,

X

X
o r  y  =: h -  X -   —    ( i i )

a  -  X

and

Kjr y
o r  X  = b -  y  -  —    . . . . .  ( i i i )

c -  y

w here  and  d e n o te  th e  d i s s o c i a t i o n  c o n s t a n t s  f o r  

NaL and  KL”  r e s p e c t i v e l y  u n d e r  r e a l  c o n d i t i o n s .  Ko f o r  KL”  

i s  0 .1 1  M.

E q u a t io n s  ( i i )  and  ( i i i )  may be  s o lv e d  f o r  x  and  y 

by  a  m ethod  o f  s u c c e s s iv e  a p p ro x im a t io n s  a s  o u t l i n e d  on 

p ag e  1 0 8 .

The c a l c u l a t i o n s  f o r  th e  tw o ty p e s  o f  sy s te m  w ere  

c a r r i e d  o u t  on t h e  e x p e r im e n ta l  d a t a  w i th  [ l ^”J = h  = 0 .0 5 8 5  M, 

The r e s u l t s  f o r  x  and y  t o g e t h e r  w i th  t h e  r e l e v a n t  

e q u i l i b r iu m  c o n s t a n t s  a r e  g iv e n  i n  t a b l e  5 1 . The v a lu e s  

[l ^”] ^  and  a r e  e q u i l i b r iu m  c o n c e n t r a t i o n s ,  th e

s u b s c r i p t  ” T” b e in g  u s e d  t o  d e n o te  " t r u e ” v a l u e s .  The l a t t e r  

C o n c e n t r a t io n  was fo u n d  by  s im p le  p r o p o r t i o n  from  [ l ^ " ] ^  

and t h e s e  new v a lu e s  w ere  u s e d  t o  c a l c u l a t e  an  im p ro v ed

v a lu e ,  l y  f o r  t h e  i o n i c  s t r e n g t h .
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T able 51. Comments.

T a b le  51 show s t h a t  th e  t r u e  i o n i c  s t r e n g t h  i s  

som ewhat l e s s  th a n  t h a t  c a l c u l a t e d  from  r e a c t a n t  c o n c e n t r a t i o n .  

I t  i s  p o s s i b l e  t o  r e p e a t  t h e  c a l c u l a t i o n  u s i n g  t h e s e  new 

v a lu e s  t o  f i n d  m ore a c c u r a t e  how ever t h i s  w as n o t

c o n s id e r e d  j u s t i f i e d  i n  th e  l i g h t  o f  th e  a p p ro x im a t io n s

a l r e a d y  m ade. The d e v i a t i o n  a t  lo w e r i o n i c  s t r e n g t h s  i s

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

s t r e n g t h  w h e re a s ,  a t  h ig h e r  v a lu e s  o f  I ,  F ( I )  p a s s e s  th r o u g h

a  b ro a d  maximum, a  l a r g e  change  i n  i o n i c  s t r e n g t h  

r e p r e s e n t i n g  a  s m a ll  in c re m e n t  i n  P ( l ) .

The v a lu e s  I ^  w ere  c o n s id e r e d  a s  th e  b e s t  r e s u l t s  

f o r  t h e  i o n i c  s t r e n g t h  o f  t h e  medium and  w ere  u s e d  i n  

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

T a b le  52 g iv e s  t h e  in f o r m a t io n  w h ic h  was u s e d  t o  

c a l c u l a t e  t h e  r a t e  c o n s ta n t  i n  th e  f o l lo w in g  r a t e  e q u a t io n :

-  — X IC T^'O I F ( I )  [IO 3” ]

w here t h e  h y d ro g e n  io n  c o n c e n t r a t i o n  i s  g iv e n  b y

[H+] = lo g ^ o "^  ( 0 .5 0 5  F ( I )  -  pH)

( s e e  p ag e  53 ) .
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Table 52. Comments^

I t  i s  s e e n  from  t h e  t a b l e  t h a t ,  i n  t h e  a b se n c e  of* 

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

i s  g iv e n  by ;

 = 3 .8  X i o ’’^  X 10"' ’ F ( I ) 3 JT L“  J L -^3  

M. m in” ^

and i s  in d e p e n d e n t  o f  t h e  am ount o f  sod ium  io n  p r e s e n t .

The r a t e  c o n s t a n t  was t a k e n  t o  b e  th e  mean o f  kg v a lu e sD
u n d e r  c o n d i t i o n s  w here  [K"*"] i s  n e g l i g i b l e .

The p r e s e n c e  o f  p o ta s s iu m  io n  i s  s e e n  t o  h av e  a  

c a t a l y t i c  e f f e c t ,  and  i t  i s  e x p e c te d  t h a t ,  u n d e r  su c h  

c i r c u m s ta n c e s ,  a t  l e a s t  tw o m echanism s may be  o p e r a t i v e .

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

w h ic h  ( R o )  i s  g iv e n  by  th e  e q u a t io n  a b o v e . The r a t e  o f  th e  

p o ta s s iu m  io n  c a t a l y s e d  r e a c t i o n ( s )  w i l l  t h e n  b e  g iv e n  b y  

th e  d i f f e r e n c e  b e tw e e n  th e  o b se rv e d  r a t e  (R o b s) and  th e  

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

c o n d i t i o n s  i n  th e  ru n  i n  q u e s t io n .  The d i f f e r e n c e  i n  r a t e s  

w i l l  be  d e n o te d  by  R ^. T ab le  53 l i s t s  v a lu e s  o f  R o, Robs 

and R^ f o r  k i n e t i c s  e x p e r im e n ts  a t  v a r io u s  p o ta s s iu m  io n  

C o n c e n t r a t io n s

I t  i s  r e q u i r e d  t o  f i t  th e  k i n e t i c s  r e s u l t s  t o  a  r a t e  

e x p r e s s io n  in v o lv in g  p o ta s s iu m  io n  t o g e t h e r  w i th  th e  o th e r  

e x p e r im e n ta l  v a r i a b l e s .  The f i r s t  p o s s i b i l i t y  w h ic h  comes 

to  m ind i s  an  e x p r e s s io n  s i m i l a r  t o  t h a t  d e r iv e d  f o r  t h e  

u n c a ta ly s e d  r a t e  b u t  m o d if ie d  by  an  a d d i t i o n a l  c o n c e n t r a t i o n  

te rm , f i r s t  o rd e r  w i th  r e s p e c t  t o  [ k *̂ ] ,

T a b le  54  su m m arises  th e  c a l c u l a t i o n  u s e d  t o  p r e d i c t  

v a lu e s  o f  t h e  c a t a l y s e d  r a t e  assu m in g  th e  f o l lo w in g  r a t e
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e q u a t io n  t o  h o ld  f o r  th e  p r o c e s s  i n  q u e s t io n ;  

d t
• = -160 X 1 0^4  X 1 Q -4 .0 4  F ( I )

[8 2 O3

T a b le  53 .

*Ro *Robs [K+]

0 .5 9 0 .9 6 0 .3 7 0 .0 9 8

0 .61 1 .1 7 0 ,5 7 0 .1 9 2

0 .6 7 1 .41 0 .7 4 0 .2 8 8

0 .61 1 ,6 l 1 .0 3 0 .3 8 5

0 .5 9 1 .81 1 .3 0 0 .4 8 2

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

A l l  r a t e s X 10^ M. m in” ^

A l l  c o n c e n t r a t i o n s  M.

0 .0 2 5 2 M,

1 0 - 4 .0 4  F ( I ) 1 0 ® [H+] [F .q & &
p r e d . e x p .

0 .0 6 8 7 6 .0 3 0 ,0 1 8 1 7 0 .0 9 8 0 .3 3 0 .3 7

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

0 .0 5 4 8 8 .3 2 0 .0 1 4 3 6 0 .2 8 8 0 .91 0 .7 4

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

0 .0 5 2 7 8 .91 0 .0 1 1 6 8 0 .4 8 2 1 .11 1 .3 0

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

A l l r a t e s  X 10^ M. m in

A l l  c o n c e n t r a t i o n s  M,
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T ab le  54. Comments.

I t  c an  b e  s e e n  t h a t  t h e r e  i s  some c o r r e l a t i o n  b e tw e e n  

p r e d i c t e d  and e x p e r im e n ta l ly  o b se rv e d  v a l u e s ,  how ever th e  

a g re e m e n t i s  by  no  m eans g o o d . O th e r  and  m ore s o p h i s t i c a t e d  

r a t e  e x p r e s s io n s  may be  p ro p o s e d ,  how ever i t  i s  c o n s id e r e d  

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

d i s t i n g u i s h  b e tw e e n  any  su c h  p o s s i b i l i t i e s .  I t  i s  a l s o  

c o n s id e r e d  t h a t  th e  a c c u ra c y  o f  t h e  p r e d i c t i o n s ,  w h ic h  a r e  

b a s e d  on th e  a b i l i t y  t o  c a l c u l a t e  th e  a c t i v i t y  c o e f f i c i e n t  

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

a b o u t 0 . 8 ,  d o e s  n o t  j u s t i f y  a  c l o s e r  c o r r e l a t i o n  th a n  t h a t  

shown i n  th e  t a b l e  and u n d e r  su c h  c i r c u m s ta n c e s  one o u g h t 

t o  be  s a t i s f i e d  w i th  s i m i l a r  t r e n d s  i n  k i n e t i c  d a t a  r a t h e r  

th a n  c lo s e  a b s o lu te  v a lu e s .

The r a t e  law  o r i g i n a l l y  p ro p o s e d  f o r  t h e  p o ta s s iu m  

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

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

The s p e c i f i c  e f f e c t s  due t o  th e  p r e s e n c e  o f  v a r i o u s  

a l k a l i  m e ta l  io n s  o c c u r  i n  th e  f o l lo w in g  o r d e r  o f  m a g n itu d e :

Li'^ (  < Cs"^

t h i s  o r d e r  a l s o  b e in g  o b se rv e d  f o r  t h e  te n d e n c y  o f  t h e  m e ta l  

io n s  t o  fo rm  io n  p a i r s  v / i th  a  p a r t i c u l a r  a n io n .  P o ta s s iu m  

io n  v/as fo u n d  t o  h ave  a  m arked e f f e c t  on t h e  i o d a t e - t h i o s u l p h a t e  

r e a c t i o n  and i t  i s  s u r p r i s i n g  t h a t  no  i n c r e a s e  i n  r a t e  

a cco m p an ied  t h e  a d d i t i o n  o f  sodium  i o n .

I t  was d e c id e d  t o  c a r r y  o u t f u r t h e r  e x p e r im e n ta l  w ork  

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

m ix tu r e s  b y  e x te n d in g  th e  r a n g e  o f  c a t i o n s  s t u d i e d  t o  

c a e s iu m .
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N i t r a t e  on  R a te .

A s e r i e s  o f  k i n e t i c  e x p e r im e n ts  was c a r r i e d  o u t a s  

i n  t h e  p r e v io u s  w ork  on s a l t  e f f e c t s ,  c a e s iu m  n i t r a t e  b e in g  

added  i n  t h e  p la c e  ,o f  sod ium  o r  p o ta s s iu m  n i t r a t e .  The 

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

th e  same a s  b e f o r e  b u t  th e  maximum c o n c e n t r a t i o n  o f  added  

CsNO^ was l i m i t e d  t o  0 .4  M, b y  t h e  s o l u b i l i t y  o f  CsIO ^ w h ic h  

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

The e x p e r im e n ta l  d a t a  i s  g iv e n  i n  t a b l e  5 5 .

= 0 .0 2 5 2 M. 0 .0 0 6 7  M.

w = 0 .0 2 5 2 M. [hpo^ 2 -J  = 0 .0 3 3 3  M.

Tem per a t u r 9 = 2 5 .0  — 0 .0 2 ° C . [Ha'*'] = 0 .1 4 2  M.

0 .0 0 7  M.

I* [CsNO,] pH
_

d t
’ X 10^

Mo M. min"-1

0 .31 0 .1 0 0 7 .3 6 1 .11

0 .41 0 .2 0 0 7 .3 3 1 .4 4

0.51 0 .3 0 0 7 .3 0 1 .8 4

0.61 0 .4 0 0 7 .1 6 1 .9 4

♦ C a lc u la te d  from  i n i t i a l  r e a c t a n t  c o n c e n t r a t i o n s .

I t  i s  e x p e c te d  t h a t  th e  m ost im p o r ta n t  io n  p a i r  i n  

th e  r e a c t i o n  m ix tu r e  w i l l  b e  CsL w here  [ l ^ ” ] w i l l  b e  th e  

sum o f  [S 20^^~ ] and The v a lu e  o f  t h e  d i s s o c i a t i o n

c o n s ta n t  f o r  OsL~ i s  r e q u i r e d  i n  o r d e r  t o  c a l c u l a t e  i t s  

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

On t h e o r e t i c a l  g ro u n d s , D a v ie s  (5 1 )  h a s  c a l c u l a t e d  a
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v a lu e  o f  -  0 .7  f o r  t h e  pK o f  th e  io n  p a i r  CsSO|^*", 

c o r r e s p o n d in g  t o  a  d i s s o c i a t i o n  c o n s ta n t  o f  a b o u t 0 .2  M. I f  

one c o n s id e r s  t h e  s t a b i l i t y  o f  a  p a r t i c u l a r  io n  p a i r  t o  

v a ry  a s

L i '^ (  E+ < Gs+

th e n  t h i s  v a lu e  s u g g e s te d  b y  D a v ie s  i s  h ig h ,  s in c e  t h e  

d i s s o c i a t i o n  c o n s ta n t  f o r  KSO^ ”̂  i s  0 .11  M. and  Cs&O^”  i s  

e x p e c te d  t o  b e  m ore s t a b l e .

From o sm o tic  c o e f f i c i e n t  m e a su re m e n ts , C h le b e k  and  

L i t t l e r  (5 2 )  c a l c u l a t e d  a s s o c i a t i o n  c o n s t a n t s  f o r  t h e  io n  

p a i r  CsS20g . T h e i r  r e s u l t s  a r e  g iv e n  i n  t a b l e  56 w h e re ,

[0 3 ^  [SgO g^-J

a t  t h e  i o n i c  s t r e n g t h  shown and  Ko i s  th e  e q u i l i b r iu m  

c o n s t a n t  c o r r e c t e d  t o  z e ro  i o n i c  s t r e n g t h .

T a b le  5 6 .

I Kc Ko
M.-1

0 .1 0 6 1 0 .8 7 2 7 .8

0 .1 1 6 9 .1 6 21+.0

0 .201 8.1+0 21+. 7

0 .1 9 7 9.21+ 27 .1

0 .201 8 .91 2 6 .3

The mean v a lu e  f o r  Ko r e p r e s e n t s  a  d i s s o c i a t i o n  

c o n s ta n t  o f  0 .0 3 8  M. I f  we assum e t h a t  t h e  s t a b i l i t y  o f  t h e  

io n  p a i r  d e p e n d s  o n ly  on t h e  c h a rg e  ty p e  o f  t h e  l i g a n d  and  th e
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n a t u r e  o f  th e  m e ta l  i o n ,  th e n  th e s e  v a lu e s  s h o u ld  b e

a p p l i c a b l e  f o r  th e  io n  p a i r  CsS^O^” . S in c e  th e  v a lu e  o b ta in e d  

f o r  CsSgOg i s  a n  e x p e r im e n ta l ly  d e r iv e d  r e s u l t ,  t h e  lo w e r  

v a lu e  i s  p r e f e r r e d  t o  t h a t  s u g g e s te d  b y  D a v ie s .

The more r e c e n t l y  r e p o r t e d  i n v e s t i g a t i o n  (5 2 )  was 

n o t  a v a i l a b l e  a t  th e  t im e  when t h i s  e x p e r im e n ta l  w ork  was 

b e in g  c a r r i e d  o u t and  i n  th e  a b se n c e  o f  r e l i a b l e  d a t a  i t  was 

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

r e l e v a n t  t o  t h i s  p r o j e c t .

To Det e rm in e  th e  S t a b i l i t y  C o n s ta n t  f o r  th e  Io n  F a i r  CsS^O^” .

B arium  t h i o s u l p h a t e  i s  s p a r i n g ly  s o lu b le  i n  w a t e r ,  

i t s  s o l u b i l i t y  b e in g  0 .0 1 1 3 5  M, -  0 .2 ^  a t  25^0 ( 6 ) .  The 

am ount p r e s e n t  i n  s o l u t i o n  w i l l  be  m o d if ie d  i n  th e  p r e s e n c e  

o f  ad d ed  a n io n s  o r  c a t i o n s  c a p a b le  o f  fo rm in g  io n  p a i r s  

w i t h  b a r iu m  o r  w i th  t h i o s u l p h a t e  r e s p e c t i v e l y ,  su c h  t h a t ,  

a t  any  t im e ,  th e  s o l u b i l i t y  p r o d u c t ,  t h a t  i s ,  t h e  p r o d u c t  

o f  c o n c e n t r a t i o n  o f  f r e e  b a riu m  and t h i o s u l p h a t e  i o n s ,
^  c  o

w i l l  b e  a  c o n s ta n t  = 1 .6 3 8  X 10”  M. , u n d e r  i d e a l  c o n d i t i o n s .

T h is  m ethod  h a s  b e e n  p r e v i o u s ly  u t i l i s e d  t o  d e te rm in e  

t h e  s t a b i l i t y  c o n s ta n t  f o r  t h e  io n  p a i r s  and  NaSgO^”

and  i t  i s  hoped  t h a t  by  m e a su r in g  t h e  s o l u b i l i t y  o f  b a r iu m  

t h i o s u l p h a t e  i n  t h e  p r e s e n c e  o f  v a r io u s  am oun ts o f  C sC l, i t  

may be  p o s s i b l e  t o  c a l c u l a t e  th e  s t a b i l i t y  c o n s t a n t  f o r  

CsSgO^” ,

A p p ro x im a te ly  2 g .  BaS^O^?; w ere  added  t o  100 m l, o f  

a  s o l u t i o n  o f  CsC l w hose c o n c e n t r a t i o n  w as i n  t h e  r a n g e  

0 ,1  -  0 ,8  M, and  w h ic h  w as c o n ta in e d  i n  a  250  ml^ r e a g e n t  

b o t t l e .  A c o n t r o l  e x p e r im e n t was s e t  up i n  w h ic h  w a te r  w as 

u s e d  i n  p l a c e  o f  t h e  cae s iu m  io n  s o l u t i o n s .  The b o t t l e s  w ere  

sh a k e n  i n  a  th e r m o s ta t  a t  25*^0 f o r  24  h o u rs  when 25  m l.
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a l i q u o t s  w ere  w ith d ra w n  th r o u g h  a  c o t t o n  w ool p lu g  and  

t i t r a t e d  w i th  s t a n d a r d  io d in e  i n  t h e  p r e s e n c e  o f  s t a r c h  

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

The e x p e r im e n ta l  r e s u l t s  a r e  shown i n  t a b l e  5 7 .

T a b le  57 .

[CsCl] [ y V o l .  Ig [S2 O3 ' - ]
M. M. m l. M.

- 0 .01571 1 8 .0 8 0 .0 1 1 3 6

0 .1 0 0 0 .01571 2 9 .8 3 0 .0 1 8 7 5

0 .2 0 0 0 .01571 3 8 .0 8 0 .0 2 3 9 3

0 .3 0 0 0 .0 3 3 0 3 2 1 .3 0 0 .0 2 8 1 4

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

0 .5 0 0 0 .0 3 3 0 3 2 6 .7 5 0 .0 3 5 3 4

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

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

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

The v a lu e  o f  0 .0 1 1 3 6  M, f o r  th e  s o l u b i l i t y  o f  BaS^O^ 

i s  v e ry  c lo s e  t o  0 .0 1 1 3 5  M -  0 ,2 ^  fo u n d  b y  D enney and  

Monk ( 6 ) .

The f o l lo w in g  e q u i l i b r i a  a r e  e x p e c te d  t o  b e  o f  

im p o r ta n c e  i n  m ix tu r e s  o f  b a r iu m  t h i o s u l p h a t e  and c a e s iu m  

c h l o r i d e ,  and  a r e  shown w i th  t h e i r  r e s p e c t i v e  e q u i l i b r iu m  

c o n c e n t r a t i o n s :
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( s ) Ba++ + S2O32 - ..........  ( i )

( a - x - z ) ( a - x - y )

B a + + + 8 2 °3 ^ " ..........  (1 1 )

( a - x - z ) ( a - x - y )

Cs"*" ' + S2 O3 2 - ..........  ( I l l )

( b - y - w ) ( a - x - y )

B a + + + C l" ( I v )

( a - x - z ) ( t - z - w )

Cs+ + C l" ..........  ( v )

( b - y - w ) ( b - z - V f )

X

CsS^O^'

y

BaCl+

z

C sC l

w

w here  ” a ” r e p r e s e n t s  th e  m easu red  t h i o s u l p h a t e  c o n c e n t r a t i o n ;  

”h " ,  t h e  am ount o f  c a e s iu m  c h lo r i d e  added  and  ”x ” , ”y ”

and  ” z ” r e f e r  t o  th e  e q u i l i b r iu m  c o n c e n t r a t i o n s  o f  t h e  io n  

p a i r s  C sC l, BaS^O^? CsS^O^”  and BaCl* r e s p e c t i v e l y .

The s o l u b i l i t y  o f  b a riu m  t h i o s u l p h a t e  i n  th e  a b se n c e  

o f  any  a d d i t i v e s  i s  g o v e rn e d  b y  e q u i l i b r i a  ( i )  and  ( i i ) ,  t h e  

p ro d u c t  [sa"*"^ i u  t h e  f i r s t  b e in g  th e  s o l u b i l i t y /

p r o d u c t ,  w h i l s t  th e  e q u i l i b r iu m  c o n s ta n t  i n  th e  se c o n d  i s  th e  

d i s s o c i a t i o n  c o n s ta n t  f o r  th e  io n  p a i r  BaC^O^.

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

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

e x p e c t e d  t h a t  t h e  v a r i a t i o n  o f  t h e  c o n s t a n t s ,  K s p  a n d  K a  f o r

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

s a m e .

Ksp = ( a  -  X -  z ) ( a  -  x  -  y )

Hence, x =
Ka
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and  t h i s  v a lu e  w i l l  b e  in d e p e n d e n t  o f  i o n i c  s t r e n g t h  o r 

t h e  p r e s e n c e  o f  any  added  io n s .

Two v a lu e s  a r e  a v a i l a b l e  f o r  th e  d i s s o c i a t i o n  c o n s ta n t  

o f  BaSgO^. A c c o rd in g  t o  D enney and  Monk, who c a l c u l a t e d  th e  

e x t e n t  o f  io n  p a i r  f o r m a t io n  from  c o n d u c ta n c e  m e a su re m e n ts , 

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  BaS^O^ i s  0 .0 0 4 7  M, and  th e y  

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

o f  1 .6 3 8  X 10 ^ M,^ A c c o rd in g  t o  D a v ie s  and  W yatt ( 5 3 ) ,  

h o w e v e r, t h e  v a lu e  o f  t h e  s t a b i l i t y  c o n s t a n t ,  w h ic h  w as 

d e r iv e d  from  m easu rem en ts  o f  t h e  s o l u b i l i t y  o f  b a r iu m  io d a t e  

i n  s o l u t i o n s  o f  sod ium  t h i o s u l p h a t e ,  i s  a  som ew hat h ig h e r  

v a lu e  o f  0,0U61 M.

B o th  s e t s  o f  d a t a  seem  e q u a l ly  r e l i a b l e  and  i t  v/as 

d e c id e d  t o  c a r r y  o u t tv/o s e p a r a t e  c a l c u l a t i o n s  i n c o r p o r a t i n g  

f i r s t  one and  th e n  t h e  o th e r  o f  th e  tw o p o s s i b l e  e q u i l i b r i u m  

c o n s t a n t s .  The h ig h e r  v a lu e  ( 0 . 006 I M .) was u s e d  t o  c a l c u l a t e  

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

d e s c r ib e d  by  D enney and  Monk, w i t h  a  r e s u l t  o f  1 .7 8 4  X 10” ^ M,^ 

The tw o p o s s i b i l i t i e s  g iv e  v a lu e s  o f  x  a s  0 .0 0 3 4 S 5  M. 

and  0 .0 0 2 9 2 5  M.

The r e m a in in g  t h r e e  e q u i l i b r i a  have  t o  b e  c o n s id e r e d  

s im u l ta n e o u s ly  w i th  one o th e r  ( ( i )  o r  ( i i ) )  t o  o b t a i n  v a lu e s  

of  w , X ,  z  and  th e  e q u i l ib r iu m  c o n s ta n t  f o r  ( i i i ) .

T h e re  h a s  b e e n  c o n s id e r a b le  c o n t r o v e r s y  a b o u t t h e  v a lu e  

o f  th e  d i s s o c i a t i o n  c o n s ta n t  f o r  t h e  io n  p a i r  C sC l, Prom e . m . f ,  

m easu rem en ts  H arned  and Schupp (5 4 )  o b ta in e d  a  v a lu e  o f  

1 .1  -  0 ,2 5  M, T h is  i s  som ewhat lo w e r th a n  3*2 w h ic h  D a v ie s  ( 5 5 ) 

o b ta in e d  from  c o n d u c t i v i t i e s ,  and  2 ,0  s u g g e s te d  b y  W icke and  

B ig en  ( 5 6 ) ,  G -im blett and  Monk (5 7 )  c a l c u l a t e d  a  v a lu e  o f  

2 ,8 5  M. from  th e  d a t a  o f  R o b in so n  and S to k e s  ( 5 8 ) f o r  

e x p e r im e n ta l ly  d e r iv e d  mean i o n i c  a c t i v i t y  c o e f f i c i e n t s  o f
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C sC l. The l a t t e r  r e s u l t  i s  r e a s o n a b ly  c lo s e  t o  t h a t  p ro p o s e d  

b y  D a v ie s  and i t s  v a lu e  w i l l  be  u s e d  f o r  s u b s e q u e n t  

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

The d i s s o c i a t i o n  c o n s ta n t  f o r  B aC l* i s  r e p o r t e d  a s  

1 .3 5  M. ( 3 6 ) .

Some s i m p l i f i c a t i o n  o f  th e  sy s te m  i s  r e q u i r e d  s in c e  

th e  s o l u t i o n  o f  t h e  f o u r  s im u lta n e o u s  e q u a t io n s  in v o lv in g  

th e  e q u i l i b r i a  ( i i i ) ,  ( i v ) ,  ( v )  and  ( i )  o r  ( i i ) ,  and  t h e i r  

r e s p e c t i v e  e q u ili> » riu m  c o n s t a n t s  i s  a  d i f f i c u l t  t a s k .

C o n s id e r in g  e q u i l i b r iu m  ( v ) ,  t h a t  i s  t h e  d i s s o c i a t i o n

o f  t h e  io n  p a i r  C sC l, T a b le  57 shows t h a t ,  on r a i s i n g  th e

Cs"*" c o n c e n t r a t i o n  from  0 t o  0 .8  M ., t h e r e  i s  an  i n c r e a s e  i n

m easu red  i o d i m e t r i c a l l y ,  by  0 .0 3 3 4  M ., t h a t  is ,

n o t  m ore t h a n  some o f  cae s iu m  w i l l  be  i o n  p a i r e d  w i th

t h i o s u l p h a t e .  Hence e q u i l ib r iu m  ( i i i )  w i l l  n o t  g iv e  r i s e  t o

an  a p p r e c i a b le  d e p l e t i o n  o f  C s* . Ba** i n c r e a s e s  by  th e  same 
2—am ount a s  " ,  b u t  th e  p e r c e n ta g e  c h lo r i d e  rem oved  i n

p r o c e s s  ( i v )  i s  e s t im a te d  t o  b e  much l e s s  th a n  t h e  p e r c e n ta g e  

o f  Cs**" rem oved by  ( i i i ) ,  s in c e  t h e  d i s s o c i a t i o n  con6“t a n t  

o f  th e  fo rm e r  i s  some 40 t im e s  g r e a t e r  t h a n  t h a t  w h ic h  h a s  

b e e n  r e p o r t e d  f o r  m sy s te m  a n a lo g o u s  t o  p r o c e s s  ( i i i ) .  I t  

may b e  e s t im a te d  t h a t  a b o u t 1 0^  o f  Os’** and  C l"  a r e  e f f e c t i v e l y  

l o s t  th r o u g h  io n  p a i r i n g  b y  e q u i l ib r iu m  (v )  a t  t h e  h i g h e s t  

c o n c e n t r a t i o n ,  and  t h i s  c o n s t i t u t e s  th e  g r e a t e s t  c o n t r i b u t i o n  

v /h ic h , t o  a  f i r s t  a p p ro x im a t io n ,  may be  c o n s id e r e d  on i t s  

own.

I f  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  C sC l u s e d  i s  b ,  and  

a t  e q u i l i b r iu m  an  am ount w i s  io n  p a i r e d ,  th e n  f o r  a  r e a l  

sy s te m ;

2 . 8 5  X 10^
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The i o n i c  s t r e n g t h  c an  o n ly  h e  c a l c u l a t e d  fro m  t h e  :

e x p e r im e n ta l ly  m easu red  c o n c e n t r a t i o n s ,  t h a t  i s  a ssu m in g  t h a t  

] ,  d e te rm in e d  i o d i m e t r i c a l l y ,  i s  f r e e  and  i s  e q u a l  t o  

[Sa'*"*’] , and  a l s o  [Cs*^ and [c i" ] a r e  e q u a l  t o  [csC l] u s e d  i n  

t h e  p r e p a r a t i o n  o f  r e a c t i o n  m ix tu r e s .

A lth o u g h  t h e  " t r u e ” i o n i c  s t r e n g t h  w i l l  b e  c o n s id e r a b ly  

lo w e r  when e q u i l i b r i u m  c o n c e n t r a t i o n s  a r e  c o n s id e r e d ,  th e  

u n c e r t a i n t y  i n  th e  s t a b i l i t y  c o n s ta n t  f o r  CsC l and  th e  

u n c e r t a i n t y  i n  th e  c a l c u l a t i o n  o f  a c t i v i t y  c o e f f i c i e n t s  a t  

h ig h  i o n i c  s t r e n g t h s  make any  n e e d  f o r  im p ro v in g  th e  v a lu e s  

f u t i l e .

T a b le  58 g iv e s  t h e  am ount o f  CsC l p r e s e n t  i n  r e a c t i o n  

m ix tu r e s  f o r  t h e  e x p e r im e n ts  l i s t e d  i n  t a b l e  5 7 .

I [C sC l]^

b ,  M. W, M.

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

0 .3 0 0 .2 0 0 0 .0 0 7

0 .4 1 0 .3 0 0 0 .0 1 4

0 .5 3 0 .4 0 0 0 .0 2 4

0 .6 4 0 .5 0 0 0 ,0 3 6

0 .7 5 0 .6 0 0 0 .051

0 .8 7 0 .7 0 0 0 .0 6 9

0 .9 8 0 .8 0 0 0 .0 8 8

The t a b l e  show s t h a t ,  a l th o u g h  th e  l o s s  due t o  io n  

p a i r i n g  i s  s m a ll  a t  lo w e r  c o n c e n t r a t i o n  th e  d i s c r e p a n c y  

e x c e e d s  10^  a t  t h e  h ig h e s t  c o n c e n t r a t i o n  o f  c a e s iu m  c h l o r i d e .  

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

o f  C sS^O ,”  i s  r e l a t i v e l y  s t r a i g h t  fo rv /a rd . T h e re  i s  now
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s u f f i c i e n t  d a t a  t o  e v a lu a t e  z i n  e q u i l i b r iu m  ( i v )  from

A  =  1 . 3 5  X  1 o 8 * 0 2  F ( I )a
z

w here  a  i s  t h e  m easu red  t h i o s u l p h a t e  c o n c e n t r a t i o n .  I ,  b 

and  w b e in g  o b ta in e d  fro m  t a b l e  5 8 . The v a lu e  o f  z may th e n  

b e  u s e d  i n  e q u i l i b r iu m  ( i )

( a  -  X -  z ) ( a  -  X -  y )  = Ksp X 1 0 ^ " ° ^

t o  c a l c u l a t e  y  w h ic h , when i n s e r t e d  i n t o  e q u a t io n  ( i i i ) ,  

g iv e s  t h e  s t a b i l i t y  c o n s t a n t  f o r  th e  io n  p a i r  CsSgO^” .

Ko = i£ - - -X .- .J ? .) .( .a
y X i o 2 . 0 2 F ( l )

A b e t t e r  i o n i c  s t r e n g t h  v a lu e  may b e  c a l c u l a t e d  from

I  = 4 a - 4 x - 2 z - 2 y  + b -  w

A s h o r t  co m p u ter p ro g ram  w as w r i t t e n  t o  c a r r y  o u t 

t h e  l a s t  s e t  o f  c a l c u l a t i o n s  f o r  z ,  y ,  Ko and  I ,  t h i s  

c a l c u l a t i o n  b e in g  r e p e a t e d  tw ic e  e a c h  t im e  w i t h  im p ro v ed  

v a lu e s  o f  I  t o  y i e l d  s u c c e s s iv e  a p p ro x im a t io n s  to w a rd s  a  

f i n a l  v a lu e  o f  Ko. The f i n a l  i t e r a t i o n  r e t u r n e d  t h e  v a lu e  

o f  I  p u t  i n .  I t  w as c o n s id e r e d  t h a t  t h e  i n c l u s i o n  i n  t h i s  

i t e r a t i v e  c a l c u l a t i o n  o f  t h e  e q u i l i b r iu m  f o r  t h e  f o r m a t io n  

o f  CsC l w as n o t  j u s t i f i e d  on g ro u n d s  o f  t h e  u n c e r t a i n t y  

o f  t h e  s t a b i l i c y  c o n s t a n t .  A l i s t i n g  o f  t h e  co m p u te r p ro g ram  

( w r i t t e n  i n  F o r t r a n )  i s  g iv e n  i n  t a b l e  59 and  t a b l e  60 show s 

t h e  r e s u l t s  o f  t h e  c a l c u l a t i o n  a ssu m in g  th e  tw o v a lu e s  

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

f o r  BaSgO^* The r e s p e c t i v e  s o l u b i l i t y  p r o d u c t s  (K sp) w ere  

a l s o  f e d  i n  a s  d a t a .  I n  th e  l a t t e r  t a b l e  a l l  c o n c e n t r a t i o n s  

a r e  i n  M. K i s  d e f in e d  a s  K = [C st] ] /  [csS20^ ] M.

and  Ko i s  th e  v a lu e  c o r r e c t e d  t o  z e ro  i o n i c  s t r e n g t h .
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T able 60 .

CALCULATION OF THE STABILITY CONSTANT FOR 
CAESIUM THIOSULPHATE

194.

(RESULT OP PINAL ITERATION FOR X = 0 .0 0 3 4 8 5 )

[cscl] [thio] I Z y K KO
0 .1 0 0 0 .0 1 8 7 5 0 .1 5 0 0 .0 0 0 3 3 8 0 .0 0 4 1 0 0 .2 5 5 0 .0801
0 .2 0 0 0 .0 2 3 9 3 0 .2 5 5 0 .0 0 0 7 4 6 0 .0 0 8 6 8 0 .2 4 9 0 .0 6 6 3
0 .3 0 0 0 .0 2 8 1 4 0 .3 5 6 0 .001211 0 .0 1 3 0 0 0 .2 4 4 0 .0 5 9 9
0 .4 0 0 0 .0 3 1 8 3 0 .451 0 .0 0 1 7 3 2 0 .0 1 7 1 7 0 .2 3 3 0 .0 5 4 7
0 .5 0 0 0 .0 3 5 3 4 Oi543 0 .0 0 2 3 2 6 0 .0 2 1 3 9 0 .2 1 6 0 .0 4 9 8
0 .6 0 0 0 .0 3 8 5 2 0 .6 3 2 0 .0 0 2 9 7 5 0 .0 2 5 3 3 0 .2 0 0 0 .0 4 6 0
0 .7 0 0 0 .0 4 1 6 9 0 .7 1 7 0.0O 3703 0 .0 2 9 3 0 0 .1 8 2 0 .0 4 2 2
0 .8 0 0 0 .0 4 4 8 0 0 .801 0 .0 0 4 5 1 7 0 .0 3 3 2 0 0 .1 6 5 0 .0 3 6 8

(RESULT CP PINAL ITERATION FOR X = 0 . 0 0 2 9 2 5 )

[c s c i] [thio] I 7. Y K KO
0 .1 0 0 0 .0 1 8 7 5 0 .1 5 2 0 .0 0 0 3 4 9 0 .0 0 3 9 7 0 .2 8 0 0 .0 8 7 5
0 .2 0 0 0 .0 2 3 9 3 0 .2 5 8 0 .0 0 0 7 6 4 0 .0 0 8 4 6 0 .2 7 3 0 .0 7 2 4
0 .3 0 0 0 .0 2 8 1 4 0 .3 5 8 0 .0 0 1 2 3 6 0 .0 1 2 7 6 0 .2 6 6 0 .0651
0 .4 0 0 0 .0 3 1 8 3 0 .4 5 4 0 .0 0 1 7 6 5 0 .0 1 6 9 5 0 .2 5 3 0 .0 5 9 3
0 .5 0 0 0 .0 3 5 3 4 0 ,5 4 6 0 .0 0 2 3 6 6 0 .02121 0 .2 3 3 0 .0 5 3 8
0 .6 0 0 0 .0 3 8 5 2 0 .6 3 4 0 .0 0 3 0 2 3 0 .0 2 5 1 9 0 .2 1 6 0 .0 4 9 6
0 .7 0 0 0 .0 4 1 6 9 0 .7 2 0 0 .0 0 3 7 5 7 0.02921 0 .1 9 6 0 .0 4 5 4
0 .8 0 0 0 .0 4 4 3 0 0 .8 0 4 0 .0 0 4 5 8 0 0 .0 3 3 1 6 0 .1 7 8 0 .0 4 1 7
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T able 60o Comment s .

The f i n a l  colum n i n  t h e  t a b l e  l i s t s  v a lu e s  f o r  t h e  

s t a b i l i t y  c o n s t a n t  o f  C sS^O ^". A lth o u g h  a t  e i t h e r  o f  t h e  tw o 

X v a lu e s  t r i e d  t h e r e  i s  some 50% v a r i a t i o n  o f  t h e  c o n s t a n t  

o v e r  t h e  r a n g e  o f  i o n i c  s t r e n g t h  0 ,1 5  -  0 .8 0 ,  t h e  o rd e r  o f  

m a g n itu d e  o f  th e  r e s u l t  f o r  Ko i s  t h e  same a s  t h a t  f o r  t h e  

d i s s o c i a t i o n  c o n s ta n t  f o r  CsSgOg" (0 ,0 5 4  M .) ( 5 2 ) .  When one 

c o n s id e r s  t h a t  th e  f i n a l  v a lu e  h a s  dep en d ed  on a  knov/ledge 

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

t h e r e  b e in g  an  a c t i v i t y  c o e f f i c i e n t  te rm  w i t h . i t s  i n h e r e n t  

e r r o r ,  t h e  a g re em e n t b e tw e e n  v a lu e s  i s  q u i t e  r e a s o n a b l e .  The 

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

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

w h ic h  have  b e e n  o f  im p o r ta n c e  i n  t h i s  c a l c u l a t i o n .  The 

s t a b i l i t y  c o n s t a n t  f o r  B aC l* , w h ic h  was u s e d ,  f o r  ex am p le , 

i s  b a s e d  on a  s i n g l e  r e p o r t e d  v a lu e .  No im provem ent i n  Ko, 

h o w ev er, w as e v id e n t  f o r  r e a l i s t i c  v a lu e s  o f  t h e  l a t t e r ,  

when t h e  c o n s ta n t  i n  q u e s t io n  w as v a r i e d  b e tw e e n  0 ,0 5  uud 2 ,0  M, 

The m ethod o f  c o m p u tin g  th e  r e s u l t s  h a s  made few  s e r i o u s  

a s s u m p t io n s ,  h o w ev er, t h e  s o l u t i o n  o f  su c h  a  p ro b le m  i s  more 

s u i t e d  t o  a n a lo g  c o m p u ta tio n  r a t h e r  th a n  d i g i t a l .

The a n a lo g  co m p u te r w ould  p e rm i t  a  much f r e e r  a l t e r a t i o n  

o f  t h e  r e a c t i o n  p a ra m e te r s  so  t h a t  v a lu e s  f o r  sa y  th e  

v a r i o u s  d i s s o c i a t i o n  c o n s t a n t s  may b e  t r i e d ,  and  s in c e  th e  

sy s te m  i s  c o m p le te ly  d y n am ic , t h e r e  w i l l  b e  an  i n s t a n t  

i n d i c a t i o n  o f  t h e i r  e f f e c t  on Ko, D i g i t a l  c o m p u te rs  may b e  

a d a p te d  t o  a n a l o ^ r o b l e m s  b y  s u i t a b l e  p rogram m ing  a n d , a t  

t h e  t im e  o f  w r i t i n g ,  th e  ”PACTOLUS” m ethod i s  b e in g  a p p l i e d  

t o  an  IBM 1130 com pu ter f o r  t h e  s o l u t i o n  o f  th e  p ro b le m  

d i s c u s s e d  i n  t h i s  t e x t .  I n f o rm a t io n  r e g a r d i n g  th e  a p p l i c a t i o n  

o f  t h i s  m ethod o f  p rogram m ing  i s  b e in g  o b ta in e d  fro m  t h e
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r e l e v a n t  o p e r a t io n  manudL ( 5 9 ) .

C o n s id e r in g  th e  w ide  r a n g e  o f  v a lu e s  fo u n d  f o r  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  CsSgO^" i t  w ou ld  n o t  b e  c o r r e c t  

t o  t a k e  a  mean v a lu e .  S in c e ,  h o w ev er, t h e  r e s u l t s  a r e  c lo s e  

t o  th e  r e p o r t e d  d i s s o c i a t i o n  c o n s ta n t  f o r  CsSgO g", w h ic h  was 

d e te rm in e d  b y  a  m ore d i r e c t  te c h n iq u e  th a n  w as u s e d  i n  t h e  

p r e s e n t  i n v e s t i g a t i o n ,  t h e  v a lu e  o f  0 .0 3 8  M, w as c o n s id e r e d  t o  

b e  q u i t e  a d e q u a te  f o r  CsS20y  and w as a p p l i e d  i n  t h e  s u b s e q u e n t  

c a l c u l a t i o n .  The v a lu e  p r e d i c t e d  b y  D a v ie s  (51 ) f o r  CsSO^^”  i s  

r e j e c t e d  i n  v iew  o f  o u r  r e s u l t  b e in g  n e a r  t h a t  f o r  CsSgO g".

T u rn in g  now t o  c o n s id e r  th e  k i n e t i c  d a t a .  Two io n  

p a i r i n g  e q u i l i b r i a  w i l l  com pete  i n  s o l u t i o n ,

NaL~ — '  + L^“

Ci-L" 1 Cs'*' + L^“

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

o f  0 ,2 1  and  0 ,0 3 8  M, f o r  sod ium  and c a e s iu m  io n  r e s p e c t i v e l y .  

A lth o u g h  t h e r e  i s  a  l a r g e  d i f f e r e n c e  b e tw e e n  th e  tw o s t a b i l i t y  

c o n s t a n t s ,  i t  i s  n o t  p o s s i b l e  t o  sa y  t h a t  [NaL"] w i l l  be

n e g l i g i b l e  com pared  t o  [CsL"] and  t h e  tw o p r o c e s s e s  h av e  t o

b e  c o n s id e r e d  s im u l t a n e o u s ly .  The c a l c u l a t i o n  o f  io n  p a i r  

c o n c e n t r a t i o n s  h a s  t o  b e  c a r r i e d  o u t  b y  m ethod (b )  d e s c r ib e d  on 

p a g e  176  w h e re , i n  t h i s  c a s e  [Cs’*] r e p l a c e s  [k***] . E q u a t io n s  

( i i )  and ( i i i )  on p a g e  177  t h u s  becom e.

( a )

and  X =i b - y - “  -  . . . . . ( b )

w h ere  " a ” , ”b ” and  ” c ” d e n o te  i n i t i a l  c o n c e n t r a t i o n s  o f
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+ 2— +Na , L and Cs r e s p e c t i v e l y  and  ”x ” and  r e f e r  t o  t h e  

e q u i l i b r iu m  c o n c e n t r a t i o n  o f  th e  io n  p a i r s  NaL”  and  CsL”  

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

c o n s t a n t s  u n d e r  r e a l  c o n d i t i o n s  a r e  d e n o te d  b y  and  

A f i r s t  a p p ro x im a t io n  f o r  th e  i o n i c  s t r e n g t h  was c a l c u l a t e d  

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

I n  th e  c a l c u l a t i o n s  f o r  e x p e r im e n ts  i n v o lv in g  sod ium  

and  p o ta s s iu m  io n s  a s  th e  o n ly  c a t i o n s ,  a  m ethod o f  s u c c e s s iv e  

a p p ro x im a t io n s  was u s e d  t o  s o lv e  th e  tw o e q u a t io n s  ( ( i )  and

( i i )  on p a g e  1 7 7 ) s im u l t a n e o u s ly .  I n  t h i s  c a s e  a  g r a p h i c a l  

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

( a )  and  (b )  w ere  p l o t t e d  o v e r a  s u i t a b l e  ra n g e  o f  x  and  y  

v a lu e s  u s i n g  th e  same a x e s ,  t h e  c o o r d in a te s  o f  t h e  i n t e r c e p t  

o f  t h e  tw o g ra p h s  b e in g  th e  s o l u t i o n  t o  t h e  s im u lta n e o u s  

e q u a t i o n s , G raph  18 shows t h a t  th e  g ra p h s  a r e ,  i n  f a c t ,  

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

b y  t h e  f i r s t  c a l c u l a t i o n  f o r  t h e  d a t a  i n  t a b l e  6 1 , w h ic h  a l s o  

show s th e  s o l u t i o n s  f o r  th e  r e m a in in g  t h r e e  r e a c t i o n  m ix tu r e s .  

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

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

As b e f o r e  t h e  " t r u e ” t h i o s u l p h a t e  io n  c o n c e n t r a t i c n  

[S2Û^^” ] t  w as c a l c u l a t e d  fro m  [ l ^ ”] ^  b y  s im p le  p r o p o r t i o n  

and  t h e  r é s u l t e  f o r  x  and  y  w ere  u s e d  t o  c a l c u l a t e  a n  

im p ro v ed  v a lu e  f o r  t h e  i o n i c  s t r e n g t h  ( l ^ )  w h ic h  w as u s e d  

i n  t h e  s u b s e q u e n t  c a l c u l a t i o n s .
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Graph 18
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T able 61,

= 0 .0 5 8 5  M; [Ni = 0 .1 4 2 M.

I % a %Cs [Cs+] lO ^x 1 0 & 10^  X 1Cp X

[1 ,2 -]? [^ 2^3 - I t

0 .3 1 0 .831 0 .1 5 0 0 .1 0 0 5 .6 4 1 8 .5 8 3 4 .2 8 1 4 ,7 7 0 .2 6

0 .41 0 .881 0 .1 5 9 0 .2 0 0 4 .0 9 2 8 .2 6 2 6 .1 5 1 1 .2 6 0 .3 4

0 .51 0 .9 0 7 0 .1 6 4 0 .3 0 0 3 .2 3 3 4 .1 7 21 .1 0 9 .0 9 0 .4 3

0 .61 0 .9 1 5 0 .1 6 6 0 .4 0 0 2 .6 7 3 8 .2 6 1 7 .5 7 7 .5 7 0 .5 3

A l l  c o n c e n t r a t i o n s  and e q u i l i b r iu m  c o n s t a n t s  a r e  i n  M,

I f  th e  t o t a l  o b s e rv e d  r a t e  i n  th e  p r e s e n c e  o f  c a e s iu m  

io n  i s  made up  o f  an  " u n c a ta ly s e d "  r a t e  and a  Cs*  ̂ c a t a l y s e d  

r a t e ,  d e n o te d  b y  Ro and  r e s p e c t i v e l y ,  th e n  th e  r a t e  f o r  

th e  c a t a l y s e d  p r o c e s s  w i l l  b e  th e  d i f f e r e n c e  b e tw e e n  th e  

t o t a l  r a t e  and  t h a t  c a l c u l a t e d  f o r  t h e  s t e p  w here o n ly

sod ium  io n  i s  p r e s e n t .  The l a t t e r  i s  p r e d i c t e d  b y  th e  

e q u a t io n ,

-  ^ — -  = 3 .8  X 10^4  X F ( I )  [H +]^ [ lO ^ " ]

M.

T a b le  62 g iv e s  t h e  c a l c u l a t i o n  o f  t h e  c a t a l y s e d  r a t e  a t  

v a r io u s  c a e s iu m  io n  c o n c e n t r a t i o n s .
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T ab le  62.

= 0 .0 2 5 2  M.

T̂ 1 0 -1  "01 F ( I ) t®2 ° 3  J t 10® [h'*'’1 Ro ôbs Ĉs [Cs’*’] T

0 . 2 6 0.515 0 .0 1 4 7 7 6 . 0 9 0 . 4 0 1.11 0 .71 0.081

0 .3 4 0.497 0 .0 1 1 2 6 6.62 0 .2 7 1 .4 4 1 . 1 7 0 . 1 7 2

0 .43 0.486 0 .0 0 9 0 9 7 . 1 9 0.20 1 .8 4 1 .6 4 0 .2 6 6

0 .53 0.480 0 .0 0 7 5 7 9.98 0.26 1 .9 4 1 . 6 8 0 .3 6 2

A l l  c o n c e n t r a t i o n s  a r e  i n  M.

A l l  r a t e s  a r e  X iO ^ M. m in~ ^ .

I f  a  r a t e  e q u a t io n  f o r  th e  c a e s iu m  c a t a l y s e d  s t e p  i s  

p ro p o s e d  t o  b e  o f  t h e  same o r d e r  a s  t h a t  f o r  t h e  p o ta s s iu m  

c a t a l y s e d  r e a c t i o n  d i s c u s s e d  p r e v i o u s l y ,  w i th  [Cs'^J r e p l a c i n g  

th e n ,

_

d t

f o r  v /h ich  v a lu e s  o f  a r e  c a l c u l a t e d  i n  t a b l e  6 3 .

T a b le  6 3 . 

[lO  T ]  = 0 .0 2 5 2  M,

%Cs
^ q- 4 .0 4  F ( I ) [ S 2 0 / % 10® [H+] [ C s l , i q I ^ ^

0 .71 0 .0701 0 .0 1 4 7 7 6 .0 9 0 .081 613

1 .1 7 0 ,0 6 1 2 0 ,0 1 1 2 6 6 .6 2 0 .1 7 2 794

1 .6 4 0 .0 5 5 9 0 .0 0 9 0 9 7 .1 9 0 .2 6 6 1025

1 .6 8 0 .0 5 3 2 0 .0 0 7 5 7 9 .9 8 0 .3 6 2 607

A l l  c o n c e n t r a t i o n s  a r e  i n  M. The u n i t s  o f  kg  a r e  M ,~^ m ln .
K —i

A l l  r a t e s  a r e  X 10 M. m in .
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I f  t h e  t h i r d  v a lu e  (1025  X 1 0 ^ ^ ) f o r  th e  r a t e  c o n s t a n t  

kg ( t a b l e  6 2 ) i s  ig n o re d  ow ing t o  i t  b e in g  r e l a t i v e l y  h ig h ,  

t h e  mean o f  t h e  r e m a in in g  t h r e e  v a lu e s  i s  670 X 1 0 ^ ^  m in  ^

a s  com pared  w i th  160 X 1 0 ^ ^  min~^ f o r  th e  p o ta s s iu m

c a t a l y s e d  r e a c t i o n .  The f i f t h  o rd e r  r a t e  c o n s ta n t  f o r  th e  

u n c a t a ly s e d  r e a c t i o n  i s  3 .8  X 1 0 ^ ^  min"*^ w h ic h  i s

u n a f f e c t e d  b y  th e  p r e s e n c e  o f  sod ium  io n .
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o f th e  H ate o f R e a c tio n .

The r a t e  o f  r e a c t i o n  w as m easu red  a t  a  v a r i e t y  o f  

t e m p e r a tu r e s ,  a l l  o th e r  c o n d i t i o n s  b e in g  k e p t  t h e  sam e. 

R e a c t io n  m ix tu r e s  w ere  p r e p a r e d  c o n ta in in g  o n ly  sod ium  io n  

a s  c a t i o n  and  th e  p r o c e s s  w h ic h  w as m easu red  w as p re d o m in a n t ly  

t h e  one w h ic h  i s  n o t  c a t a l y s e d  b y  c a t i o n s .

The e n e rg y  o f  a c t i v a t i o n  f o r  t h e  r e a c t i o n  w as 

c a l c u l a t e d  fro m  th e  A r r h e n iu s  r e l a t i o n s h i p .

= A e -  I/R T

a  p l o t  o f  l o g . j ^ i n i t i a l  r a t e  v s .  1 /T^K  g iv in g  a  s lo p e  o f  

ï / 2 .3 0 3  R , when i n i t i a l  r a t e s  r e f e r  t o  e x p e r im e n ts  c a r r i e d  

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

T a b le  6 4 .

= 0 .0 2 5 2  M. [Na+j = 0 .1 4 2  M.

[I0^“ ] 0 .0 2 5 2  M. pH = 7 .4 4

.  a .[ s » o ,^ “ ]  p .  6 +
T O 1 0 V T  K -   — ---- X 10^ log -in  I n i t .  r a t e

d t  ^

M. m in

1 0 .0  3 .5 3 4  0 .3 1  0 .491

2 0 .0  3 .4 1 3  0 .41  0 .6 9 0

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

3 0 .0  3 .3 0 0  0 .7 8  0 .8 9 2

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

S ee  g ra p h  1 9 .
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S E C T I O N  VI .

THE REACTION BET\ /̂EEIT % IA TE AND 

THIOSULPHA.TE IONS

D I S C U S S I O N ,

204,
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GENERAL.DISCUSSIONo

The B rom ate-T h l o s u lp h a t e  R e a c t io n ,

The e x p e r im e n ta l  k i n e t i c  d a t a  h a s  b e e n  u s e d  t o  show 

t h a t  t h e  o x id a t io n  o f  t h i o s u l p h a t e  by  b ro m a te  io n  i s  o f  f i r s t  

o rd e r  w i t h  r e s p e c t  t o  b ro m a te ,  t h i o s u l p h a t e  and h y d ro g e n  i o n s .  

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

w h ic h  th e  t h i r d  o r d e r  r a t e  c o n s t a n t  i s  r e l a t e d  t o  th e  

c o n c e n t r a t i o n  o f  H ^ O ^ "  b y

= k j '  (1 + 20 )

The o v e r a l l  o b s e r v a b le  r e a c t i o n  may th u s  b e  b ro k e n  down

i n t o  p o s s i b l e  r a t e  law ? f o r  tw o c o n c u r r e n t  r e a c t i o n s ,  t h a t  i s ,

( a )  R a te  = k  [srO  “J [ [ SgO, ^ " ]

(b )  R a te  = k '  [B r03 ‘'] [ H 't ] [ s ^ 03^ " ] [H 2P 0^~]

h o w e v e r, i t  m ust b e  rem em bered  t h a t  no  e x p e r im e n ta l  w ork

was c a r r i e d  o u t  t o  c o n f irm  t h a t  t h e  o rd e r  w i th  r e s p e c t  t o

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

r e a c t i o n .

I t  i s  a p p a r e n t  from  th e  d a t a  p r e s e n te d  b y  E dw ards (1 )

t h a t  m ost o x i d a t io n s  in v o lv in g  b ro m a te  a r e  o f  se c o n d  o r d e r

w i t h  r e s p e c t  t o  h y d ro g e n  i o n ,  a s  i s  th e  ex ch an g e  o f  oxygen  

b e tw e e n  t h e  a n io n  and w a te r .  The i n te r m e d ia t e  BrOg* o r i t s  

h y d r a te d  fo rm  h a s  b e e n  p ro p o se d  b y  s e v e r a l  w o rk e r s ,  a r i s i n g  

fro m  a  tw o s t a g e  p r o t o n a t i o n  o f  b ro m a te  fo l lo w e d  b y  e l i m i n a t i o n  

o f  w a te r ,

H"*" + B rO ,”  HBrO^

+ HBrO^ ^

HgBrO.'"'  ̂  ̂ HgO + BrOg*
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and  p re su m a b ly  t h e  r e a c t i v i t y  o f  b ro m a te  to w a rd s  a n io n ic  

r e d u c in g  a g e n ts  l i e s  i n  th e  m u tu a l a t t r a c t i o n  o f  th e  l a t t e r  

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

Oxygen exchaiige  b e tw e e n  BrO^*" and  HgO, w h ic h  obeys t h e  

f o l lo w in g  r a t e  law ;

+ i2R a te  r_ k  [HgO]

and  th e  o x id a t io n  o f ,  s a y ,  h a l i d e  io n  b y  b ro m a te , w hose r a t e  

law  i s  t h e  same a s  t h a t  f o r  w a te r  w i t h  th e  e x c e p t io n  t h a t  t h e  

te rm  [H^^O] i s  r e p l a c e d  b y  X*" (X~ =  C l" ,  B r " ,  l " ) ,  i s  t h u s

c o n s id e r e d  t o  go b y  th e  same r o u t e .

In  t h e i r  d i s c u s s i o n  o f  t h e  b r o m a te - io d id e  r e a c t i o n .  

B a r to n  and V /rig h t (6 o )  a rg u e d  a g a i n s t  BrOg* e x i s t i n g  a s  a  

common in te r m e d i a t e  i n  th e  above m e n tio n e d  p r o c e s s e s .  They 

c o n s id e r e d  t h a t  t h e  r a t e  o f  r e a c t i o n  o f  BrO .̂*  ̂ o r ,  m ore l i k e l y ,  

t h e  h y d r a te d  fo rm , w i th  v /a te r ,

HgO* + HgBrO,*  > HgO + HgBrO-*"^

w ould  c o n s t i t u t e  th e  f a s t e s t  p o s s i b l e  r e a c t i o n  o f  t h e  

i n t e r m e d i a t e ,  so  a l l  o th e r  r e a c t i o n s  o f  t h i s  ty p e  w i l l  b e  

s lo w e r .  T h is  i s  c o n t r a r y  t o  o b s e r v a t io n s  s in c e  ev en  th e  r a t e  

c o n s t a n t  f o r  t( ie  b r  o rn a te - c h lo r id e  r e a c t i o n ,  w h ic h  i s  th e  

s lo w e s t  o f  i t s  ty p e ,  i s  many t im e s  f a s t e r  th a n  e x c h a n g e .

On th e  o th e r  h a n d , t h e  r e a c t i o n  b e tw e e n  BrOg* and  X" 

w ou ld  b e  f a i r l y  f a s t  and u n d e r  some c o n d i t i o n s  t h e  f o r m a t io n  

o f  BrOg^^ b y  f i s s i o n  o f  th e  B r-0  bond  c o u ld  b e  e x p e c te d  t o  

b e  r a t e  d e te r m in in g ,  g iv in g  a  r a t e  law

R a te  = k  [h "̂ ] ^ [B rO ,“ ]

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

o x i d a t i o n s  i n v o l v i n g  n i t r i c  a c i d  a r e  d e s c r i b e d  b y .
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R ate = k  [RO^"^

W h i c h  i s  o f  z e r o  o r d e r  w i t h  r e s p e c t  t o  r e d u c i n g  a g e n t .  I n  

t h e  l a s t  c a s e  t h e  e x i s t e n c e  o f  t h e  s p e c i e s  h a s  b e e n

p o s t u l a t e d .

B a r to n  and W rig h t fo u n d  i t  d i f f i c u l t  t o  e x p la in  th e  

o b s e rv e d  g e n e r a l  b a s e  c a t a l y s i s  f o r  th e  b r o m a te - io d id e  

r e a c t i o n  i n  te rm s  o f  a  r e a c t i v e  i n t e r m e d ia t e  B rO g*. A s i n g l e  

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

fo l lo w e d  b y  s u b s e q u e n t  r a t e  d e te r m in in g  e l i m i n a t i o n  o f  

w a te r  w as th o u g h t  m ost l i k e l y :

0
0 ^ 1

0
+ 2 ET + I

OH

B r O )  ^

OH

OH

HO
B r O

O -I

s i  3W

0
( I )

0 -  1 - I
0

+ HgO

^ ^ a s t

slow

0
CB^Br.

/
f a s t

/
P r o d u c ts

O -I
+ HgO ( I I )

w here  t h e  r e a c t i o n  schem e show s th e  p o s s i b l e  s t r u c t u r e s  

f o r  t h e  i n t e r m e d i a t e s ,  t h a t  i s ,  e i t h e r  t h e  i o d id e  i o n  i s  

b o n d ed  d i r e c t l y  t o  th e  c e n t r a l  b ro m in e  atom  o r b y  m eans
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o f  an  o x y g e n - io d in e  b o n d . No p r e f e r e n c e  f o r  e i t h e r  o f  th e  

tw o s t r u c t u r e s  w as g iv e n .

I t  was assum ed t h a t  th e  a c t i v a t e d  com plex  ( I  o r  I I )  

w ou ld  r e a c t  r a p i d l y  v / i th  io d id e  a s  f o l lo w s ;

IBrOg + I "  ------> ^2 + BrOg"

2. H’*’ + BrOg~ + 2 1 " - ----- > + BrO" + HgO

2 H'*' + BrO" + 2 1 " - ----- > ^2 + Br" + HgO

t h e  i n t e r m e d i a t e s  BrO^"* and  BrO" b e in g  w e l l  known i n  

aq u eo u s s o l u t i o n .

The c a t a l y s e d  p a r t  o f  t h e  b r o m a te - th io s u lp h a t e  r e a c t i o n  

may b e  e x p la in e d  i n  te rm s  o f  th e  p o s s i b l e  m echanism s i n v o lv in g  

se c o n d  o r d e r  d ep en d e n ce  on h y d ro g e n  io n  c o n c e n t r a t i o n .

One su c h  p o s s i b i l i t y  i s  a s  f o l lo w s :

H'*’ + h r O ~  HBrO^

HA.“ + HBrO, ---------  HgBrOj* + A^“

HgBrO^"^ + (B rO g .S gO ^)" + hgu

(B rO g .S g O ,)"  "> p r o d u c ts

T h is  m echanism  p r e s u p p o s e s  th e  e x i s t e n c e  o f  th e  i n t e r m e d i a t e  

BrOg^CH^O). The n e c e s s i t y  f o r  in v o lv in g  th e  a c id  i n  t h i s  

schem e may b e  e x p la in e d  a s  f o l l o w s .  The k i n e t i c s  o f  o x id a t io n  

b y  b ro m a te  have  p r e v i o u s ly  b e e n  fo l lo w e d  u n d e r  c o n d i t i o n s  

o f  f a i r l y  h ig h  a c id  c o n c e n t r a t i o n ,  f o r  e x am p le , 0 .1  M. HCl 

i n  t h e  c a s e  o f  th e  b r o m a te - s u lp h i t e  r e a c t i o n  (6 1 )  and  up  

t o  pH 4  i n  t h e  s tu d y  o f  th e  b r o m a te - io d id e  r e a c t i o n .  I n  t h e  

c a s e  o f  t h e  b r o m a te - th io s u lp h a t e  r e a c t i o n  a  pH o f  6 -  7 

p ro d u c e d  a  c o n v e n ie n t ly  m e a s u ra b le  r a t e  b u t  r e p r e s e n t i n g  a  

h y d ro g e n  io n  c o n c e n t r a t i o n  a t  l e a s t  100 t im e s  lo w e r th a n  t h a t
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i n  t h e  p r e v io u s  i n v e s t i g a t i o n s .  T h is  c o u ld  w e l l  make th e  

s t r a i g h t f o r w a r d  se co n d  p r o t o n a t i o n  e q u i l i b r iu m  a  v e ry  u n l i k e l y  

s i t u a t i o n  and  t h e  a l t e r n a t i v e  shov/n above becom es o b s e r v a b le  

ow ing t o  t h e  r e l a t i v e l y  h ig h  a c id  c o n c e n t r a t i o n  (up  t o  0 ,7  M, ) ,  

I f  th e  p r o p o s a l s  o f  B a r to n  and  W rig h t a r e  a c c e p te d  

th e n  one may c o n s id e r  th e  r e a c t a n t s  t o  b e  i n  e q u i l i b r iu m  

w i th  a  com plex  a s  f o l lo w s ;

HA

A

HA + H + BrO.

OH
I
Br-
I
0

3 -

slo w

0
I
Br
I
0

3 -

o r HA

0

A-

4. SgO^

OH

2-

•Br

0 -8 g 0 ^

slow

Q
Br

3 -

3 -

0 -8 g 0 ^

+ HgO + HgO

w here  th e  r e a c t i o n  schem e shows two p o s s i b l e  s t r u c t u r e s  

f o r  th e  i n t e r m e d i a t e  a n a lo g o u s  t o  th o s e  s u g g e s te d  f o r  th e  

b r o m a te - io d id e  r e a c t i o n ,

iin  a l t e r n a t i v e  m echanism  w h ic h  d o es  n o t  in v o lv e  th e  

a c i d  HA" i n  t h e  i n i t i a l  p r e - e q u i l i b r i u m  may b e  v a l i d .  U nder 

t h e s e  c o n d i t io n s  t h e  a t t a c k  o f  H/k" on th e  com plex  i s  shown 

t o  b e  r a t e  d e te r m in in g .

H"̂  + BrO^" + - ±  (H B rO j.S gO j) 2-

(H B rO ^.SgO j) + H A ^2— TTA — s lo w s  __ n ^ A2—(B rO g .S g O ,)"  + A + HgO
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The l a s t  m echanism  p r e d i c t s  t h e  e x i s t e n c e  o f  an  a c t i v a t e d  

com plex  w i th  a  much s m a l l e r  n e g a t iv e  c h a rg e  th a n  h a s  b e e n  

p ro p o s e d  i n  t h e  o th e r  r e a c t i o n  sch em es, p o s s i b l y  malcing th e  

f o r m a t io n  o f  su c h  an  i n t e r m e d ia t e  e n e r g e t i c a l l y  m ore 

f a v o u r a b l e .

W h ich ev er o f  th e  p o s s i b l e  m echanism s i s  c o n s id e r e d  

a s  m ost s u i t a b l e ,  w h e th e r  i t  i s  b y  way o f  BrOg"** o r  by  way 

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

w i l l  e s s e n t i a l l y  b e  t h e  sam e, t h a t  i s ,  i t  w i l l  c o n ta in  t h e  

s p e c i e s  (B rO g.SgO ^) , w i th  o r w i th o u t  an  a n io n  In  a

m anner a n a lo g o u s  t o  t h a t  s u g g e s te d  f o r  t h e  b r o m a te - io d id e  

r e a c t i o n  i t  i s  p ro p o s e d  t h a t  s u b s e q u e n t  r e a c t i o n s  o f  th e  

com plex  a r e  f a s t  i n v o lv in g  w e l l  known i n t e r m e d i a t e s  su c h  a s  

BrOg" and B rO ", i . e :

(B rO g.S gO j)" + + BrOg~

2 + BrOg" + 2 SgO^Z + BrO" + HgO

2 H'*' + BrO" + 2 — + Br" + HgO

a ssu m in g  t h a t  th e s to ic l i e io m e t r y o f  th e  r e a c t i o n  i s

6 + B rO ," + 6 ----- + Br" + 3  Hgi

U nder th e  c o n d i t i o n s  o f  pH and  " a c id "  c o n c e n t r a t i o n  

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

w as a p p ro x im a te ly  h a l f .  The re m a in in g  c o n t r i b u t i o n  v/as from  

t h e  u n c a ta ly s e d  p r o c e s s ,  w h ic h  was o f  f i r s t  o r d e r  w i t h  r e s p e c t  

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

io n .

The f o r m a t io n  o f  a  com plex  (H B rO ^.SgO ^)^" a s  d e s c r ib e d  

above c a n n o t b e  r a t e  d e te rm in in g  s in c e  any  r e a c t i o n  schem es 

i n v o lv in g  t h i s  s p e c i e s  have  r e q u i r e d  a  s u b s e q u e n t  s lo w  s t e p
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w h i c h  g a v e  r i s e  t o  a  r e a c t i o n  o f  s i m i l a r  r a t e  t o  t h a t  u n d e r  

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

r a t e  d e t e r m i n i n g  s t e p  i t  m u s t  u n d e r g o  s o m e  s p o n t a n e o u s  

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

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

( a )  (H B r O ^ .S g O ^ )^ "

-1- y HgBrO^"

H g B rO ^ "  ._ f a 3 t  y B r O g "  +  H^O

(b )  (HBrO^.SgOj)^" (BrOg.SgO^)" + OH"

‘2 '
OH" +  H+ _ î a s t ^  H ^ o

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

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

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

s u l p h a t e .  I t  i s  a l s o  p o s s i b l e  t h a t  s o m e  s u l p h i d e  i o n  m a y  b e  

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

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

t h i o s u l p h a t e ,  i n v a r i a b l y  s m e l t  s t r o n g l y  o f  H g S .

I n  t h e  c a s e  o f  ( b )  t h e  c o m p l e x  ( B r O g . S g O ^ ) "  i s  a g a i n  

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

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

F u r t h e r  k i n e t i c  w o r k  i s  c l e a r l y  r e q u i r e d  o n  t h e  

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

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

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

m e c h a n i s m .

T h e  I o d a t e - T h i o s u l p h a t e  R e a c t i o n .

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

o rd e r  w i th  r e s p e c t  t o  t h i o s u l p h a t e  and  se c o n d  o r d e r  w i th  

r e s p e c t  t o  h y d ro g en  i o n .  A lth o u g h  t h e  r a t e  o f  r e a c t i o n  w as 

u n a f f e c t e d  by  t h e  p r e s e n c e  o f  sodium  i o n ,  b o th  p o ta s s iu m  

and  c ae s iu m  io n s  w ere found  t o  b e  v e r y  e f f e c t i v e  c a t a l y s t s .  

The r a t i o  o f  s i x t h  o r d e r  r a t e  c o n s t a n t s ,  g iv e n  b y :

V =   R a te
[103- ]  M

(w h ere  [m“̂ ] = o r  [Cs'*'] )

was

I t  w as assum ed t h a t  t h e  r a t e  e q u a t io n  f o r  th e  c a t a l y s e d  

r e a c t i o n  was o f  t h e  same g e n e r a l  ty p e  a s  t h a t  f o r  t h e  

u n c a t a ly s e d  p r o c e s s  a l th o u g h  no  e x p e r im e n ta l  d a t a  i s  a v a i l a b l e  

t o  c o n f irm  th e  o r d e r  w i th  r e s p e c t  t o  t h i o s u l p h a t e  and  io d a t e  

u n d e r  t h e s e  c o n d i t i o n s .  The d ep en d en ce  o f  r a t e  on [ h "̂ ] , 

h o w ev er, w as m easu red  a t  h ig h  p o ta s s iu m  io n  c o n c e n t r a t i o n  

w here  t h e  r e a c t i o n  was p re d o m in a n t ly  th e  c a t i o n  c a t a l y s e d  

o n e .

The s a l t  e f f e c t s  on th e  r e a c t i o n  i n  t h e  a b se n c e  o f  

c a e s iu m  o r  p o ta s s iu m  io n  w ere  c o n s i s t e n t  w i th  t h e  r e a c t a n t s  

b e in g  i n  e q u i l i b r iu m  w i t h  a  t r i v a l e n t  a c t i v a t e d  com plex  

a s  f o l lo w s :

2 + 2 + IO3"  ( c o m p le x ) ^

and  t h e  a c t i v a t i o n  e n e rg y  f o r  th e  r e a c t i o n  was fo u n d  t o  

b e  9 .0 8  K c a l/m o le .

I n  a  m anner a n a lo g o u s  t o  t h a t  o f  b ro m a te  o x i d a t i o n s ,  

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

a c c e p te d  a s  b e in g  lO g* . Iri t h i s  c a s e  t h e  e x ch a n g e  w i t h  w a te r
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fo llo w s  a d i f f e r e n t  r a t e  law .

H a te  = k  [ h"*"] [ lO ," j

( o t h e r  th a n  a t  h ig h  a c id  c o n c e n t r a t i o n s )  from  t h a t  n o rm a lly  

o b se rv e d  i n  o x i d a t io n  r e a c t i o n s  w h e re .

H a te  = k  [ 1O3"] [R ed]“

( [E edj r e f e r s  t o  an  n  t h .  o r d e r  d ep en d e n ce  on th e
r e d u c in g  a g e n t )

and th e  a rg u m e n ts  a g a i n s t  t h e  e x i s t e n c e  o f  BrOg* i n  th e  

b r o m a te - io d id e  sy s te m  a r e  n o t  v a l i d  i n  th e  c a s e  o f  i o d a t e .

A c c o rd in g  t o  E dw ards ( l ) t h e  o x id a t io n  o f  t h i o s u l p h a t e

by  i o d a t e  i s  b e s t  d e s c r ib e d  by  th e  f o l lo w in g  schem e:

10 , "  + H IO ,

H IO , + H* ^

H2 IO3 + + :^ = ±  ( lO g .S g O ^ )"  + HgO

( lO g .S g O j)"  + SgO^Z-  lO g- + S^OgZ-

h o w e v e r. B a r to n  and W rig h t w ould  p r e f e r  t o  w r i t e :  

IO3" + 2 H+ + SgO^^" (HglO^.SgO^)"

\k
( lO g .S g O j)"  + HgO 

(lO g.SgO ^)"  + SgO^^ — l Og" 4. 8^0^ 2-

by  a n a lo g y  w i t h  th e  i o d a t e - i o d i d e  r e a c t i o n  ( 4 7 ) w here  th e  

a u th o r s  a v o id e d  th e  i n c l u s i o n  o f  f r e e  lO g* o r i t s  h y d r a te d  

fo rm .
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Two s t r u c t u r e s  may b e  p ro p o se d  f o r  t h e  i o d a t e -  

t h i o s u l p h a t e  i n t e r m e d i a t e  co m p lex es; one w here  t h i o s u l p h a t e  

w i l l  b e  bonded  d i r e c t l y  t o  a  c e n t r a l  io d in e  atom  and  one 

w here  th e  b o n d in g  w i l l  o c c u r  th r o u g h  oxygen on i o d a t e .

The p o s s i b l e  in v o lv e m e n t o f  c a t i o n  may now b e  c o n s id e r e d .  

The m e ta l  i o n  w i l l  fo rm  io n  p a i r s  w i th  some k i n e t i c a l l y  

im p o r ta n t  a n io n s  so  a s  t o  e i t h e r  make a  p r o c e s s  e n e r g e t i c a l l y  

more f a v o u r a b le  b y  r e d u c in g  sa y  th e  m u tu a l e l e c t r o s t a t i c  

r e p u l s i o n  b e tw ee n  r e a c t a n t s  o r  b y  m aking  an  i n t e r m e d ia t e  

m ore s t a b l e  so  t h a t  i t  may have  a  g r e a t e r  c h an ce  o f  an  

e n c o u n te r  w h ic h  w i l l  t a k e  i t  p a s t  t h e  s t a g e  o f  an  a c t i v a t e d  

com plex . The p o s s i b l e  p a r t i c i p a t i o n  o f  p o ta s s iu m  o r  c a e s iu m  

io n s  c an  b e  i n  tw o p l a c e s ,  e i t h e r  by  fo rm in g  io n  p a i r s  w i th  

t h e  s i n g l y  c h a rg e d  (lO g .S ^ O ^ ) o r  by  s t a b i l i s i n g  th e  

a c t i v a t e d  com plex  fo rm ed  d u r in g  t h e  r e a c t i o n  o f  t h e  l a t t e r  

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

w i l l  h av e  a  t r i p l e  n e g a t iv e  c h a rg e .  I n  e i t h e r  o f  t h e  tw o 

s i t u a t i o n s  th e  r a t e  o f  t h e  c a t a l y s e d  r e a c t i o n  w i l l  d ep en d  

on t h e  c o n c e n t r a t i o n s ,  [MlOg.SgO^*] o r  [M lO g.SgO ^.SgO ^^"] 

and  s in c e  t h e  am oun ts o f  t h e  s p e c ie s  fo rm e d  fro m  c a e s iu m  

o r  fro m  p o ta s s iu m  io n s  v / i l l  depend  on th e  r e l e v a n t  s t a b i l i t y  

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

d i s s o c i a t i o n  c o n s t a n t s  f o r  th e  io n  p a i r s .

T h ere  i s  much v a r i a t i o n  i n  r e p o r t e d  v a lu e s  f o r  

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

a n io n s  and  c a t i o n s .  S t a b i l i t y  c o n s t a n t s  f o r  t h e  n i t r a t e s  

o f  t h e  t h r e e  c a t i o n s  o f  i n t e r e s t  h ave  b e e n  r e p o r t e d  a s  3 . 9 ,

1 ,4  and 1 ,0  M. f o r  N a*, K*̂  and Cs*  ̂ r e s p e c t i v e l y  (3 6 )  th e  

v a lu e s  b e in g  c o r r e c t e d  t o  z e r o  i o n i c  s t r e n g t h .  T hese  d a t a  

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

t o  a  v a lu e  o f  1 .4  f o r  t h e  r a t i o  o f  s i x t h  o r d e r  r a t e  c o n s t a n t s
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k c g /lc ^ , a s  com pared  w i th  a p p ro x im a te ly  4 .0  o b s e rv e d  

e x p e r im e n ta l ly .

T h ere  a r e  no  r e l i a b l e  d a t a  on th e  d i s s o c i a t i o n  c o n s t a n t s  

o f  io n  p a i r s  o f  so d iu m , p o ta s s iu m  and c a e s iu m  w i th  

t r i v a l e n t  a n io n s .  Some w ork  h a s  b e e n  c a r r i e d  o u t on sy s te m s  

i n v o lv in g  f e r r i c y a n i d e  i o n ,  b y  m e a su r in g  th e  s o l u b i l i t y  o f  

Co(NH2 )g .P e (C N )^  i n  s o l u t i o n s  o f  a l k a l i  m e ta l  n i t r a t e s  ( 6 2 ) ,  

how ever th e  c o n d i t i o n s  o f  h ig h  MNO  ̂ ( '^  3 .0  M .) c o n c e n t r a t i o n  

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

u n d e r  n o rm a l c o n d i t i o n s .  I t  i s  n o t  u n d e r s to o d  v /h e th e r  th e  

v a lu e s  o f  0 .4 8 ,  2 .0  and  3 .3  M, f o r  t h e  s t a b i l i t y  c o n s t a n t s  

o f  MFe(CN)^^ , w here  = Na"*", K'*’ and  Cs*  ̂ r e s p e c t i v e l y ,  w ere  

c o r r e c t e d  t o  z e r o  i o n i c  s t r e n g t h ;  how ever th e y  p r e d i c t  th e  

r e v e r s e  o r d e r  o f  s t a b i l i t i e s  f o r  th e  io n  p a i r s  t o  t h a t  

n o rm a l ly  e x p e c te d .  F o r  c o m p a r is o n , a  p r e v i o u s ly  r e p o r t e d  v a lu e  

f o r  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  K Fe(CN )g^" i s  0 ,0 8  M. ( 3 6 ) ,  

t h i s  v a lu e  b e in g  f a i r l y  r e p r o d u c ib le  am ongst t h e  o th e r  w o rk e rs  

c o n t r i b u t i n g  t o  t h i s  r e f e r e n c e .

The d i s s o c i a t i o n  c o n s t a n t s  f o r  io n  p a i r s  b e tw e e n  th e  

s i n g l y  c h a rg e d  s p e c ie s  s u g g e s t  t h a t  th e  k i n e t i c  r o l e  o f  

p o ta s s iu m  and  o f  c a e s iu m  i s  n o t  t o  fo rm  th e  com plex  

(M lOg.SgO^) b u t  p e rh a p s  t o  a s s i s t  i n  s t a b i l i s i n g  t h e  a c t i v a t e d  

com plex  fo rm ed  d u r in g  th e  r a t e  d e te rm in in g  s t e p .  T h e re  i s  

i n s u f f i c i e n t  d a t a ,  h o w ev er, t o  e n a b le  t h i s  c o n c lu s io n  t o  b e  

d raw n .

The a b s e n c e  o f  any  k i n e t i c  e f f e c t  i n  th e  p r e s e n c e  o f  

sod ium  c a n n o t b e  e x p la in e d  i n  te rm s  o f  th e  above a rg u m e n ts  

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

r a t i o  o f  e q u i l i b r iu m  c o n s ta n t s  f o r  io n  p a i r s  c o n ta in in g  

sod ium  o r  p o ta s s iu m  I s  r a r e l y  g r e a t e r  th a n  2 o r  3 ,

and  i n  th e  l i g h t  o f  t h e  l a r g e  p o ta s s iu m  io n  e f f e c t  i t



2 1 6 .

w ould  b e  e x p e c te d  f o r  sod ium  t o  h av e  a t  l e a s t  some c a t a l y t i c  

p o w e r. I f  a  r e a c t i o n  in t e r m e d i a t e  i s  in d e e d  lOg* o r  a  r e l a t e d  

c a t i o n ,  th e n  i t  i s  p o s s i b l e  t h a t  n i t r a t e  may fo rm  s u f f i c i e n t l y  

s t a b l e  io n  p a i r s ,  lOg.NO^f so  a s  t o  re d u c e  th e  c o n c e n t r a t i o n  

o f  th e  a c t i v e  s p e c i e s ,  t h e r e b y  r e d u c in g  t h e  r a t e  a c c o r d in g ly .  

I t  may o n ly  b e  p resu m ed  t h a t  i n  th e  c a s e  o f  NaNO^ t h e r e  i s  

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

i n  n o  o b s e rv a b le  c h a n g e . I f  t h i s  w ere  th e  c a s e ,  t h e  n e t  r e s u l t  

f o r  p o ta s s iu m  and c a e s iu m  e f f e c t s  w ould  b e  l e f t  v i r t u a l l y  

u n c h a n g e d .

The l a s t  e x p la n a t i o n  i s  by  no  m eans s a t i s f a c t o r y  and  

c a n n o t be  s u b s t a n t i a t e d  w i th  e x p e r im e n ta l  d a t a .  F u r t h e r  w ork  

on t h e  i o d a t e - t h i o s u l p h a t e  r e a c t i o n  i s  c l e a r l y  r e q u i r e d ,  

e s p e c i a l l y  i n  t h e  f i e l d  o f  s a l t  e f f e c t s .
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CONCLUSION.

The Broma te - jR i lo s u l p h a t e  Re a c t i o n .

The r a t e  law  f o r  th e  b r o m a te - th io s u lp h a t e  r e a c t i o n  

w as c o n firm e d  t o  be  o f  f i r s t  o r d e r  w i th  r e s p e c t  t o  b ro m a te , 

t h i o s u l p h a t e  and h y d ro g en  i o n ,  and  th e  p r o c e s s  was c a t a l y s e d  

b y  th e  p r e s e n c e  o f  th e  " a c i d " ,  HgPOj^"@

The c a t a l y s e d  r e a c t i o n  w as e x p la in e d  i n  te rm s  o f  t h e  

k i n e t i c s  g e n e r a l l y  o b s e r v a b le  d u r in g  th e  b ro m a te  o x i d a t io n  

o f  many a n io n ic  r e d u c in g  a g e n ts  ( e . g .  l " .  C l" ,  SO ^^") w here  

t h e  r e a c t i o n  i s  o f  se co n d  o rd e r  w i th  r e s p e c t  t o  H**", h o w e v e r, ' 

t h e r e  w as some a m b ig u ity  a s  r e g a r d s  t h e  p o i n t  a t  w h ic h  t h e  

a c id  becom es in v o lv e d «

im  in t e r m e d i a t e  com plex  (B rO g ,. .S g O ^)"  w as p ro p o s e d  

i n  a c c o rd a n c e  w i th  E dw ards ( l ) .

The u n c a ta ly s e d  r e a c t i o n ,  f i r s t  o r d e r  w i th  r e s p e c t  

t o  h y d ro g e n  io n ,  w as c o n s id e r e d  t o  go b y  way o f  a n  i n t e r m e d i a t e  

(H B rO ^.SgO ^)^" w h ic h  decom posed e i t h e r  t o  g iv e  a  s p e c i e s  8gO^^ 

y i e l d i n g  s u lp h a te  a s  a  p o s s i b l e  h y d r o ly s i s  p r o d u c t  o r  b y  

way o f  th e  i n t e r m e d i a t e  s u g g e s te d  f o r  th e  c a t a l y s e d  r e a c t i o n ,  

b y  e l i m i n a t i o n  o f  OH",

C o n t in u a t io n  and t e r m in a t in g  p r o c e s s e s  in v o lv e  m ore 

w e l l  known a n io n s  su c h  a s  BrOg and  B rO ".

The lo d a t e - T h i o s u l p h a t e R e a c t io n .

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

w ere  shown t o  be  th e  same a s  r e p o r t e d  b y  th e  p r e v io u s  w o r k e r s ,  

n a m e ly , f i r s t  o r d e r  w i th  r e s p e c t  t o  i o d a t e  and se co n d  o r d e r  

w i t h  r e s p e c t  t o  t h i o s u l p h a t e  and  t o  h y d ro g e n  i o n s .  C a t io n  

c a t a l y s i s  b y  p o ta s s iu m  and cae s iu m  w as fo u n d , how ever sod ium  

h a d  a p p a r e n t ly  no  e f f e c t .
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The r a t e  law  i n  th e  a b se n c e  o f  c a t i o n  was e x p la in e d  

i n  te rm s  o f  a  r a t e  d e te r m in in g  s t e p  i n v o lv in g  th e  s p e c i e s  

(S g O j.IO g )"  and  8^0  2 " .

( S g C y . i O g ) "  + S g O j Z -  -------- ^  lO g "  +

t h e  f o r m a t io n  o f  th e  i n t e r m e d ia t e  a n io n  o c c u r r in g  b y  way

o f  th e  i o d y l  c a t i o n  lOg* (a n a lo g o u s  t o  BrOg^ p ro p o s e d  f o r

b ro m a te  o x id a t io n s )  o r  v i a  a  two s t e p  m echanism  w here  1 0 ^ " ,
2— +SgO^ and  2 H r e a c t  t o  fo rm  a  com plex w h ic h  w i l l  

s u b s e q u e n t ly  e l i m in a te  w a te r .

I t  was im p o s s ib le  t o  e x p la in  th e  c a t i o n  c a t a l y s i s  

i n  te rm s  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 s  o f  a p p r o p r i a t e  io n  

p a i r s  ow ing t o  th e  l a c k  o f  r e p o r t e d  in f o r m a t io n  r e g a r d in g  

t h e i r  v a l u e s .

T e rm in a t in g  p r o c e s s e s  a r e  f a s t  and  a n a lo g o u s  t o  th o s e  

p ro p o s e d  f o r  th e  b ro m a te  o x id a t io n  o f  t l i i o s u l p h a t e ,  t h e  

i n t e r m e d i a t e s  i n  t h i s  c a s e  b e in g  lO g" and  I0 ~ ,

The g ro u n d  c o v e re d  i n  t h i s  i n v e s t i g a t i o n  o f  th e  b ro m a te  

and  io d a t e  o x id a t io n s  o f  t h i o s u l p h a t e  i s  c l e a r l y  o n ly  

p r e l i m i n a r y  and c o n s id e r a b le  k i n e t i c  in f o r m a t io n  i s  s t i l l  

t o  b e  o b ta in e d .  F u r th e r  e x p e r im e n ta l  w ork  i s  c o n s id e r e d  

e s s e n t i a l  on b o th  sy s te m s  p o s s i b l y  e x te n d in g  th e  r a n g e  o f  

h a l a t e  io n s  c o v e re d  t o  c h l o r a t e  w h ic h  may r e a c t  u n d e r  

c o n d i t i o n s  o f  pH where t h i o s u l p h a t e  i s  s t a b l e .
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13  ̂ I  .

P r e p a r a t io n  of  Po ta s s iu m  D i t h io n a t e .

A bout 25  g . o f  p o ta s s iu m  a c e t a t e  w ere  d i s s o l v e d  i n  

w a te r  and warmed w i t h  15 g* sodium  d i t h i o n a t e .  The s o l u t i o n  

w as f i l t e r e d  h o t  th r o u g h  a  f l u t e d  f i l t e r  p a p e r  and th e n  

a lc o h o l  v/as added  a t  4 0 °  u n t i l  a  p r e c i p i t a t e  fo rm e d . The 

m ix tu re  w as c o o le d  t o  0 °  and  th e  s o l i d  f i l t e r e d ,  d i s s o l v e d  

i n  w a te r  and  th e  d i t h i o n a t e  p r e c i p i t a t e d  w i th  a l c o h o l .  The 

s o l i d  was f i l t e r e d ,  w ashed  and d r i e d  i n  a  vacuum  oven  a t

50 -  6 0 ° .

P r e p a r a t io n  o f  P o ta s s iu m  T e t r a t h i o n a te .

A bout 50  g . sod ium  th io s u lp h a - ' 3 (5  HgO) w ere  g round  

up  i n  a  m o r ta r  w i th  a  l i t t l e  w a te r .  A bout 25 g . o f  io d in e  

w ere  added  w i th  s t i r r i n g  u n t i l  th e  m ix tu re  c o n ta in e d  e x c e s s  

i o d in e .  A f t e r  l e a v in g  t o  s ta n d  f o r  10 m in u te s ,  m e th y la te d  

s p i r i t s  was added and  t h e  r e s u l t i n g  s o l i d  was f i l t e r e d  on 

a  B uchner f u n n e l .  The s o l i d  was w ashed  w i t h  a lc o h o l  and  th e n  

d i s s o lv e d  i n  a  s m a ll  am ount o f  w a te r  and  f i l t e r e d .  A bout 30  g . 

o f  p o ta s s iu m  a c e t a t e  w ere  added  t o  th e  s o l u t i o n ,  fo l lo w e d  by  

a lc o h o l  when th e  a c e t a t e  h ad  d i s s o l v e d .  A f t e r  c o o l in g  th e  

m ix tu re  i n  i c e  th e  p r e c i p i t a t e d  HgS^O^ was f i l t e r e d  and w ashed  

w i th  a l c o h o l .  I t  was r e c r y s t a l l i s e d  b y  d i s s o l v i n g  i n  th e  

l e a s t  q u a n t i t y  o f  w a te r ,  f i l t e r i n g  th r o u g h  a  f l u t e d  f i l t e r  

p a p e r  and  a d d in g  a lc o h o l  a t  4 0 °  u n t i l  c r y s t a l s  b e g a n  t o  

a p p e a r .  The m ix tu re  was c o o le d  s lo w ly  t o  0 ° .  The s o l i d  was 

f i l t e r e d ,  w ashed  w i th  a  m ix tu re  o f  1 :1  w a te r  and  a lc o h o l  

an d  f i n a l l y  w i t h  a l c o h o l .  The p o ta s s iu m  t e t r a t h i o n a t e  was 

d r i e d  a t  6 0 ° i n  a  vacuum  o v en .
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A ppendix I I .

DIMENSION X ( 7 5 ) .D I ( - 0 ) ,D ( 6 ) ,B ( 2 ) ,E ( 2 ) ,S B ( 2 ) ,T ( 2 ) ,X B A E ( 3 ) ,
1 ST D (3),SU M SQ (3),-ISA V E (3),A N S(10),PP(25)

INTEGER FINISH 
DATA EINISH/UHLiSST/

1 HEAD 7 , TAB,N,NEXT 
PRINT 8 , TAB
M=2 
L=N=»M 
DO 2 1=1 ,N 
J= L + I

2 HEAD 9 ,X ( I ) ,X ( J )
CALL GDATA(N,M,X,XBiAR,STD,D,SUMSQ)
MM=M+1 
DO 3  1=1 ,M
is a v e ( i )= i
CALL OEDEH(MM,D,MM,I,ISAVE,DI,E)
CALL M IN V (D I,I,D E T ,B ,T)

3 CALL MULTH(N,I,XBAR,STD,SUMSQ,DI,E,ISAVE,B,SB,T,ANS)
PRINT 1 0 ,A N S (1 ) ,B (1 ) ,S B (1 ) ,B (2 ) ,S B (2 )
PRINT 11 
DO 5 1 = 1 ,N 
SÜM=0.0 
AA=1.0 
DO k  J=1,M  
AA=AA*X(I)

J+ SUM=SUM+B(J)*AA
5 PP(I)=SUM+ANS(1)

DO 6 1=1 ,N 
J= L + I
D IE P = X (J)-P P (I)

6 PRINT 1 2 ,X ( I ) ,X ( J ) ,P P ( I ) ,D I F P  
IE  ( NEXT. NB. FINISH ) GOTOI
STOP

7 F0RMAT(2I2,AH)
8 F0RMAT(1H1//,37X,7HTABLE 1 2 ,1 H . / / ,

1 21X,A2HP0LYN0MIAL REGRESSION. TO F IT  KINETIC DATA/,
2 31X,22HT0 QUADRATIC Rii.TE LAW.1 5 / )

9 F0R M A T (F7.6 ,33X ,F9.8)
10 FORMAT(1 6X,26HC0EFFICIENTS OF REGRESSION///,

1 2QX,UHA = El 0 .1 + , / / ,
2 20X,1+HB = E10.1+,7H +0R- E l0 .1 + , / / .
3 20X,i+HC = E10.i+,7H +0R- E 1 0 .1 + ,V )

11 FORIvAT( 16X, 1 8HTABLB OF RESID U A LS///,
1 22X, 7H [TETRA] 7X, IHIRATEÔX, 9HPREDICTED5X, 8HRES XDUAl// )

12 F0RM AT(16X,1+(3X,E10.3))
END

F o r  m e th o d , s e e  r e f e r e n c e  3 7 .
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■ix I I I .

P r e p a r a t i o n  o f  P h o s p h a te  B u f f e r s  f o r  t h e  Stu d y  o f  H ydrogen  

Io n  D e p en d e n ce s .

( a )  l odat e - T h i o s u l p h a te  R e a c t i on .

25  m l.  1 .0 0 0  M. KOH 

X m l. 1 .0 0 0  M. KHgPO^

1 .0 0 0  M, KNO  ̂ t o  make 250 m l.

X  ( m l . ) A pprox

2 7 .0 7 .6

2 7 .6 7 .3

2 8 .2 7 .4

2 9 .0 7 .3

3 0 .0 7 .2

3 1 .2 7 .1

j- T h io s u lp h a t e  R e a c t io n .  

S to c k  s o l u t i o n s :
A : 0 .3 M. KgSO^

0 .3 M.

B : 0 .3 M. KNO3

0 .3 M. KgllPO^

A ( m l . ) B ( m l . ) pH ( r e a c t i o n )

100 60 6.1+1

100 80 6 .5 3

100 100 6 .6 3

100 40 6 .2 2

60 120 6 .9 5

30 150 7.11+
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