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ABSTRACT

The m echanism  o f  t h e  b a se  h y d r o ly s i s  o f  t h e  

c a r b o n a te -  and o ia la to - b i s e th y le n e d ia m in e c o b a l t  I I I  

io n s  was i n v e s t i g a t e d  by m e a su rin g  th e  r a t e  o f  b a s e  

h y d r o ly s i s  s p e c t r o p h o to m e t r ic a l ly  u n d e r v a ry in g  c o n d i­

t i o n s .  The s t e r i c  c h an g e s  accom panying t h e  r e a c t i o n  

was a l s o  fo llo w e d  by  m easurem ent o f  t h e  ch an g e  o f  o p t i c a l  

a c t i v i t y  d u r in g  t h e  r e a c t i o n .  I n  c o n ju n c t  io n  w i th  

t h i s  t h e  r a t e  o f r a c é m is a t io n  o f  t h e  c i s ( - )  'd ih y d ro io -  

b is e th y le n e d ia m in e c o b a l t  I I I  io n  was m easu red . . M echan­

i s t i c  p a th s  a r e  d i s c u s s e d .

Par c o m p a ra tiv e  p u rp o se s  t h e  r a t e  o f  b a se  

h y d r o ly s i s  o f  t h e  c a r b o n a to b i s ( l ,1 0 - p h e n a n th r o l in e ) c o b a l t  

I I I  io n  w as i n v e s t i g a t e d .  F u r th e r  w ork u s in g  1 , 10-  

p h e n a n th r o l in e  a s  a l ig a n d  c o n s i s t e d  o f  an  i n v e s t i g a t i o n  

i n to  th e  compounds form ed b e tw een  c o b a l t ,  c h lo r in e  and 

p h e n a n th r  o l  in e .

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

o r a l  a t  0 - ,  m a lo n a to -  and c y c lo b u ta n e  1 ,1*  d ic a rb o x y l  a t  ob i s -  

( 1 , 10- p h e n a n th r o l in e ) c o b a l t  I I I  com plexes a r e  r e c o r d e d .
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OBJECT OP THE INVESTIGATION

The re p la c e m e n t r e a c t i o n s  o f  many monodent a t  e 

l ig a n d s  hy h y d ro x id e  h a v e  b een  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  

and t h e i r  s t e r i c  c o u rs e s  and r e a c t i o n  p a th s  h a v e  b een  

fo rm u la te d .

The re p la c e m e n t o f  b i d e n t a t e  l ig a n d s  h o w ev er, 

h a s  b e en  l e s s  f u l l y  s t u d i e d . ^59* 100 , 134) T^^e o b je c t  

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

c o u rs e  and fo rm u la te  m e c h a n is t ic  p a th s  f o r  h y d ro x id e  sub ­

s t i t u t i o n  in  compounds o f t h e  ty p e  [CoeupK]* w here  Z was 

e i t h e r  o f t h e  b i d e n t a t e  l ig a n d s  c a r b o n a te  o r o x a l a t e .

The r e a c t i o n  c a n  be d iv id e d  in to  two p a r t s :

a) I n i t i a l  d e c h e la t i o n  o f  t h e  l ig a n d  X

^O H
[C oengX T  + OH" ----------- ) [Coeiig ] °

i
b ) Rem oval o f l i g a n d  X

[CoengXOH]® + OH" ^  [C oengC O H )^]'^  +  X ’’’

S t e r i c  ch an g es  a r e  p o s s ib l e  in  b o th  s t a g e s .

The i n i t i a l  t r i s  c h e la t e d  io n  n e c e s s a r i l y  h a s  a  c i s  

c o n f ig u r a t io n  p r o h i b i t i n g  c i s - t r a n s  i s o m é r i s a t i o n ,  b u t 

t h e  o th e r  tw o io n s  c a n  b o th  u n d e rg o  r a c é m is a t io n  and
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i s o m é r is a t io n *  f u r t h e r ,  t h e  i s o m é r i s a t io n

and r a c é m is a t io n  o f t h e  f i n a l  p r o d u c t ,  t h e  [CoeUpCOH)^]'''

io n  c an  be  s tu d ie d  s e p a r a te ly *

c isfC o en g fO H Ïg ]*  < >  tran sE C o en g fO E Ïp ]*

In  o rd e r  t o  o b ta in  f u r t h e r  datc i re l« v à v tt t o  

t h e  m e c h a n is t ic  c o u r s e ,  th e  com plex [CophengCO^]* was 

s tu d i e d .  The 1 ,1 0  p h e n a n th r o l in e  l ig a n d  la c k s  h y d ro g en  

atom s a t t a c h e d  t o  t h e  c o o rd in a te d  n i t r o g e n  a to m s, so 

t h a t  any m echanism  w hich  u t i l i s e s  su c h  hy d ro g en  atom s 

i s  p r o h i b i t e d .  No c i s  t r a n s  i s o m é r i s a t io n  o f  t h e

[CophenpCOHÏg]^ Io n  h a s  b een  fo u n d . The t r a n s  iso m e rs  

o f  t h i s  com plex h a v e  n o t b e e n  c h a r a c t e r i s e d  and a r e  

th o u g h t  n o t t o  e x i s t .
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STOIARY OP THE RESULTS AND CONCLUSIONS

1* .T h e  r a c é m is a t io n  o f  t h e  c i s ( - )  [CoenpC io n  i s

f a s t e r  th a n  t h e  i s o m é r i s a t i o n ,  b o t h 'p r o c e s s e s  b e in g  in d e ­

p e n d e n t o f  t h e  h y d ro x id e  c o n c e n t r a t i o n .  S e v e ra l  m echa­

n i s t i c  p a th s  a r e  in v o lv e d .  A p a th  in v o lv in g  th e  d e ­

c h e l a t i o n  o f t h e  e th y l  e n ed iam in e  i s  p o s t u l a t e d  t o  a cc o u n t 

f o r  th e  r a p id  r a c é m is a t io n  r e l a t i v e  t o  t h e  i s o m é r i s a t i o n .

2 .  The b a se  h y d r o ly s i s  o f  t h e  [CoengCO^]* io n  p ro c e e d s  

i n  tw o s t a g e s :

a) I n i t i a l  d e c h e la t i o n  o f  t h e  c a r b o n a te .

[CoengCO ,]* + OH---------- ) [C oeng"^ ] °

At h ig h  b a s e  c o n c e n t r a t io n  t h e  d e c h e la t i o n  p ro c e s s  p r o ­

c e e d s  by a  m echanism  f i r s t  o rd e r  in  h y d ro x id e . The 

v a r i a t i o n 'o f  t h e  second  o rd e r  r a t e  c o n s ta n t  w i th  te m p e ra ­

t u r e  f i t s  t h e  A rrh e n iu s  e q u a t io n :

kg .  2"9 I  10^5 @21 , 600/81  m ole

At a H  c o n c e n t r a t io n s  th e  r a t e s  o f  m u ta r o ta t io n  w ere

found  t o  b é  th e -  same a s  t h e  r a t e s  o f  d e c h e la t i o n .
.

C o b a lt-o x y g e n  bond f i s s i o n  i s  p o s t u l a t e d  w ith  a n  8^1 CB
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o r  S^2 io n  p a ix  m echanism .

At low  b a s e  c o n c e n t r a t io n s  an  a c id  c a ta ly s e d  

r e a c t i o n  p a th  i s  a l s o  p r e s e n t .

b ) Removal o f c a r b o n a te

[CoengCO^OS]" + GH" ------ -------)  [C o en g fO H ig ]*  + CO^^-

The r a t e  o f  l o s s  o f c a rb o n a te  v a r i e s  w i th  t h e  

^ v e l e n g t h  a t  w hich  t h e  l o s s  was m easu red . The l o s s  

o f o p t i c a l  a c t i v i t y  was s lo w e r th a n  t h e  d e c o m p o s itio n . 

S e v e ra l  d i f f e r e n t  s p e c ie s  a r e  u n d e rg o in g  d e c o m p o s itio n , 

r a c é m is a t io n  and i s o m é r i s a t io n  a t  d i f f e r e n t  r a t e s .

3 * The b a s e  h y d r o ly s i s  o f  th e  [CoenpCgO^]* io n  p ro c e e d s  

i n  tw o s t a g e s :

a) I n i t i a l  d e c h e la t i o n  o f  t h e  o x a l a t e .

.OH
[CoengOgO^]"^ + OH" ------------ )  [ C o é n g ^  ] °

CgO .̂

The d e c h e la t i o n  i s  fo u n d  t o  p ro c e e d  by  a  m echanism  f i r s t  

o rd e r  i n  h y d ro x id e . The v a r i a t i o n  o f  t h e  second  o r d e r  

r a t e  c o n s ta n t  w ith  te m p e r a tu re  f i t s  t h e  A rrh e n iu s  equa­

t i o n :
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kg -  3 .6  I  1 0 I2  e - 17 , 700/RT

The r e a c t i o n  i s  much f a s t e r  th a n  f o r  t h e  [CoenpCO^]* io n ,  

h) Removal o f ■ o n a la te  ^

[CoengCgO^OH]® + OH" ------------) [C o e n 2 (0 S ) g ]+  + CgO ^^"

Above 1 M sodium  h y d ro x id e , th e  v a r i a t i o n  o f  t h e  f i r s t  

o rd e r  r a t e  c o n s ta n t  w ith  te m p e ra tu re  f i t s  t h e  A rrh e n iu s  

e q u a t io n :

k]^ -  2 .7 4  X 10^^  @-1 5 , 300A l

The r a t e  o f  l o s s  o f  o p t i c a l  a c t i v i t y  was fo und  t o  he  

i d e n t i c a l  t o  t h ‘e r a t e  o f  rem o v a l o f  o x a l a t e .  At h ig h  

te m p e r a tu r e  t h e  r e a c t i o n  p ro c e e d s  hy a  m echanism  f i r s t  

o r d e r  in  h y d ro x id e , an 8^1 CB m echanism  i s  p o s t u l a t e d .

At low  te m p e r a tu re s  and b a se  c o n c e n t r a t io n s  

t h e  r e a c t i o n  p ro c e e d s  by a  m echanism  second  o rd e r  in  

h y d ro x id e .  The m echanism  i s  e n v is a g e d  a s  a  sy n ch ro n o u s 

a t t a c k  by  h y d ro x id e  “a t  th e  c o b a l t  and t h e  fo rm a t io n  o f  

an  io n  p a i r  o f  th e  h y d ro x id e  w ith  th e  o x a la t e .

4 # The b a s e  h y d r o ly s i s  o f t h e  [ C o p h e n g C O ^ i o n  p ro c e e d s  

i n  two s t a g e s :  , ■
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a) I n i t i a l  d e c h e la t lo n  o f  t h e  c a r b o n a te

[Cophen2C0^] + OH" }[C ophen2^^ ]
, ' ‘- 00^

Q u a l i t a t i v e l y  t h e  r a t e  o f  d e c h e la t io n  a p p e a rs  t o  becom e 

s lo w e r  w ith  d e c r e a s e  in  io n ic  s t r e n g t h  and h y d ro x id e  

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

b ) Removal o f  c a rb o n a te

[CophengCO^OH]® + OH" -) [Copheng(Q H )g]+ +

The r a t e  o f  l o s s  o f  c a rb o n a te  i s  in d e p e n d e n t o f  t h e  

h y d ro x id e  c o n c e n t r a t io n  b u t  c a t a ly s e d  by th e  p re s e n c e  

o f  c h lo r id e  io n s .  An e l e c t r o n  t r a n s f e r  m echanism  i s  

p o s t u l a t e d .

5 . The i n f r a r e d  s p e c t r a  of  t h e  d i c h l o r o - ,  c a r b o n a to - , 

o x a l a to - ,  m a lo n a to - ,  and c y c lo b u ta n e  1 , 1* d ic a rb o x y -  

l a t o b i s ( l , 10- p h e n a n th r o l in e ) c o b a l t  I I I  io n s  show t h a t  

t h e  com plexes a r e  s t a b i l i s e d  t h r o u ^  t h e  developm ent o f  

a  p a r t i a l  . \ Co-N d o u b le  bond by  c o n ju g a t io n

w i th  th e  "IT e l e c t r o n s  on 1 , 10-p h e n a n th r  o l  i n e .

6 ,  The compound o f  c o b a l t ,  c h lo r i n e  and p h e n a n th r o l in e  

te rm e d  ' t h e  g re e n  c h l o r i d e ’ c o n ta in s  t h e  t e t r a h e d r a l  

C o l l  i o n ,  [C o C l^ ]2- .
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GLOSSARY OF ABBREVIATIONS FCR LIGAUDS

A L b r e v l -  Name F o r m u la
a t  i  on ■■   - -

L ip y  2 ,2 * -b ip y T ld y l

cB c y o lo b u ta n e  1;
1 * d ie a r b o x y la t  e

0

CE,
b —  0' ^  ^CH

en  ethuLtrvj^d lam in e  HSg CHg CSg HSg

H OH
/  \  C0

EDTA e th y le n e d la m ln e -  tt p '  p /
t e t r a a c e t l o  a c id  2 . 2 ^ 0

I
H,C / C H ^ C ^

OH

^ Q H

0

^ H 2

0 "
m al m a lo n a te  0 — C

p h en  1 ,1 0 - p h e n a n th r o l in e  v
\ = ] j '



" t

A b b re v i-  Name F o rm ula
at I o n   '_____  ________

p n  p ro p y l  e n ed iam in e  NH2 -  CH -  CH2 -  NH^r
CH3

p y  p y r id in e

t r ie n  t  r ie th y l enet e tr  -  NH2CH2CH2NSCH2CH2NHCÎ CH2NH2
Euii-ine
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PART 1 .  INTRODIXÎTION

1 .  C r y s ta l  F ie ld  T heory

C r y s t a l  f i e l d  th e o r y  was f i r s t  fo rm u la te d  hy  

H . Bethe(lo)w ho s tu d i e d  t h e  i n t e r a c t i o n s  b e tw een  m e ta l  

io n s  and  l ig a n d s  i n  a  p u r e ly  e l e c t r o s t a t i c  s e n s e  by  

c o n s id e r in g  t h e  l ig a n d s  a s  p o in t  c h a rg e s .  The p o s s i ­

b i l i t y  o f  any o r b i t a l  o v e r la p  was ig n o re d . The th e o r y  

was l a t e r  m o d if ie d  (us) t o  a c c o u n t f o r  p a r t i a l  o r b i t a l  o v e r­

la p  and c o v a le n c e  and t h i s  m o d if ie d  th e o r y  i s  known a s  

t h e  l ig a n d  f i e l d  t h e o r y . M o le c u la r  o r b i t a l  t h e o r y  

c o n s id e r s  t h e  i n t e r a c t i o n s  p u r e ly  in  te rm s  o f m o le c u la r  

o r b i t a l s .

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

m e ta l  io n  a l l  h av e  e q u iv a le n t  e n e rg y , b u t  i n  a  n e g a t iv e ly  

c h a rg e d  e n v iro n m en t th e y  a r e  no lo n g e r  e q u iv a le n t .  I f  

t h i s  en v iro n m en t i s  s u p p l ie d  by s i x  s i m i l a r  i o n s ,  t h e s e  

io n s  w i l l  be  a r r a n g e d  s y m m e tr ic a lly  a round  t h e  m e ta l io n  

and  form  an  o c ta h e d ro n . The c o n c e n t r a t i o n  o f  c h a rg e  

i n  t h e  d ^ ,  dy^ and d^^ o r b i t a l s  p r o j e c t  be tw een  th e  

n e g a t iv e  c h a rg e s  o f t h e  l i g a n d s ,  and th e  c o n c e n t r a t io n  

i n  t h e  d^2 and d^2 y2 o r b i t a l s  p r o j e c t s  d i r e c t l y  to w a rd s
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t h e  l i g a n d s ,  t h e r e b y  h a v in g  a  h ig h e r  e n e rg y . T hese  

a r e  shown in  d iag ram  1 .
I

S in c e  t h er e i s  n o n et  c h a n g e i n  e n erg y  ^ h e  

d e s t  ab 11 i s  a t  i  on^ o^^dL_2 2 and  d„2 o r b i t a l s  i s  e q u iv a -

l e n t  t o  th e  s t a b i l i s a t i o n ^ o f  t h e  d ^ y , dy^ o r b i t a l s .

The fo rm e r  a r e  known c p l l e c t i v e l y  a s  t h e  e ^  o r b i t a l s  and 

t h e  l a t t e r  a s  t h e  t ^ g  o r b i t a l s  and th e  d»®.Tenco 10 

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

S e d u c tio n  in  sym m etry fro m  o c ta h e d r a l  ( 0^ ) 

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

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

a r e  shown in  d iag ra m  2 ,

2 .  E le c t r o n ic  S t r u c tu r e  and  S p e c tr a  i n  Co I I I  Com plexes

A ll  c o b a l t  I I I  com plex  io n s  a r e  d e r iv e d  from  

t h e  o c ta h e d r a l  a r ra n g e m e n t. D iagram  3 shows a  s i m p l i ­

f i e d  e n e rg y  l e v e l  d iag ra m  f o r  Co I I I ,  a  d^ io n  (i^s) w ith  

i n c r e a s in g  l ig a n d  f i e l d  s t r e n g t h .

The pD and ^ I  te rm s  r e f e r  to  th e  tw o lo w e s t  

e n e rg y  te rm s  a r i s i n g  in  t h e  a b se n c e  o f  a  l ig a n d  f i e l d .

The l e t t e r s  I  and D r e f e r  t o  1h e  t o t a l  o r b i t a l  a n g u la r  

momentum and t h e  num bers t o  t h e  s p i n  a n g u la r  momentum.

I n  t h e  p r e s e n c e  o f  a  l ig a n d  f i e l d ,  t h e s e  te rm s  a r e  s p l i t
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i n t o  te rm s  o f  lo w e r sym m etry , I  s t a t e s  b e in g  t r i p l y  

d e g e n e r a te ,  £  s t a t e s  d o u b ly  d e g e n e ra te  and A s t a t e s  

non  d e g e n e r a te .  W ith t h e  i n c r e a s e  i n  l ig a n d  f i e l d  

s t r e n g th  t h e  ^A^^ s t a t e  q u ic k ly  becom es t h e  lo w e s t 

e n e rg y  s t a t e ,  t h e  g round  s t a t e .  T h is  r e s u l t s  in  

d ia m a g n e tic  com plexes s in c e  t h e r e  a r e  no u n p a ir e d  

e l e c t r o n s .  The one e x c e p t io n  t o  t h i s  i s  t h e

[C o lg ]^ *  io n ,  w h ich  i s  p a ra m a g n e tic  w i th  f o u r  u n ­

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

t r a n s i t i o n s  t a k e  p la c e  be tw een  l e v e l s  a r i s i n g  from  

t h e  s t a t e  and t h e  s t a t e  s in c e  t h i s  w ould i n ­

v o lv e  t h e  v i o l a t i o n  o f  th e  s e l e c t i o n  r u l e ,  A L * 0 , t  1 , 

w here  Ii i s  t h e  t o t a l  o r b i t a l  a n g u la r  momentum.

 ̂ The v i s i b l e  a b s o r p t io n  spectriU N ^arises fro m

t r a n s i t i o n s  fro m  th e  A ^  g round  s t a t e  t o  e x c i te d  

s t a t e s .  O fte n  tw o a b s o r p t io n  b ands a r e  fo u n d , 

c a u se d  by t r a n s i t  ions t o  t h e  ^T^^ and ^ p g  

s t a t e s  w here A  1  •  0 .  T h ese  t r a n s i t i o n s  a r e  

v e r y  w eak ( e x t i n c t i o n  c o e f f i c i e n t s  a r e  o f th e  o rd e r  

o f  50 t o  150) s in c e  t h e  t r a n s i t i o n s  a r e  f o r m a l ly  f o r ­

b id d e n  in  th e  f r e e '  io n  due  t o  t h e  L a p o r te  S e le c t io n  

r u l e .  T h is  s t a t e s  t h a t  t r a n s i t i o n s  w hich  in v o lv e  

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

s h e l l  a r e  f o r b id d e n .  However i f  th e  compound la c k s
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a  c e n t r e  o f  sym m etry o r  a  c e n t r e  o f  sym m etry d u r in g  

t h e  m o le c u la r  v i b r a t i o n s  t h e n  t h e r e  w i l l  be  some m ix­

in g  o f  d and p o r b i t a l s  w h ich  th e n  a l lo w s  a  t r a n s i t i o n  

t o  t a k e  p l a c e .

The com plex  [Co{]SH^) g h a s  0^ sym m etry . 

Many com plexes h a v e  lo w e r sym m etry c a u se d  by  f a r t h e r  

s p l i t t i n g  o f  th e  e n e rg y  l e v e l s . The com plex 

[C oen^]^*  i s  a n  o c ta h e d r a l  com plex  w ith  sym m etry , 

l 'o r  com plexes o f  t h e  ty p e  c i s  and t r a n s  [CoA^Bg] t h e  

^T^g l e v e l  i s  f u r t h e r  s p l i t  due t o  t h e  lo w e r in g  o f  

t h e  sym m etry , i n  t h e  c i s  com plex  and in  t h e  

t r a n s  co m p lex . T h is  i s  shown i n  d ia g ra m  4 .

D iagram  4 ; The S p l i t t i n g  o f  t h e  energy  l e v e l  on

lo w e r in g  th e  sym m etry

. — V   ^

■J

‘Ej  ---------

'Aij---------     '''"3
C is[c .A ,6^]
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The s p l i t t i n g  o f t h e  s t a t e  i s  tw ic e  a s

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

B a llh a n s e n  (lo) h a s  shown t h a t  t h i s  r e s u l t  i s
1

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

b u t io n  to  t h e  c r y s t a l l i n e  f i e l d  p o t e n t i a l  V j .  T h is  

w as d e f in e d  a s

z )

a t  a  p o in t  f ^ ^  ^  g) w here  ^  2 /*“3 th e  sums

o f  t h e  c h a rg e s  on t h e . x ,  y  and z a x e s  o f  th e  com plex .

I n  a  t e t r a g o n a l  f i e l d  ^ 2 i^J^3 * T h e re fo re

"Vgi -  3 ) ^ ( i , y , z )

D iagram  shows th e  c o n f ig u r a t io n s  o f t h e  c i s  and t r a n s  

iso m e rs  o f  t h e  [Oo^A^Bg] com plex .

3

OS»

A -
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The t e t r a g o n a l i t y  p a ra m e te r  “ ^^3) w i l l  h e  d i f f e r e n t  

i n  t h e  tw o c a d e s  ; -

1 ) f o r  t r a n s  [CoA^Bg] >

A l  “ i s  t h e  c h a rg e  due t o  g ro u p  A

and qg t h e  c h a rg e  due t o  g ro u p  B ,

/*-3 -  2qiB ,

/*•! 2 (4 4  -  43)

2) f o r  c i s  [CoA^Bg] ,

X T 4a  + 4b  

/  3 “

/*■ 1 "/*-3 “ *'*̂ A -

T h e re fo r e  t h e  t e t r a g o n a l  s p l i t t i n g  i n  th e  t r a n s  com plex  

i s  tw ic e  t h a t  o f  t h e  c i s  and th e  l e v e l  o rd e r  i s  in v e r t e d  

a s  shown i n  d iag ram  4 .

T h is  i s  fo u n d  in  p r a c t i c e  and i s  shown in  

d iag ra m  6 f o r  t h e  c i s  and t r a n s  [C oen^Fg]* io n .



n
Dia.grram 6 : V i s i b l e  A b s o rp tio n  s p e c t r a  f o r  th e  c i s  and

t r a n s  [C oengPg]* I o n s ,

+r(

(The a b s o r p t io n  band  In  b o th  th e  c i s  and t r a n s  com plexes 

a t  28,000  om*^ c o r re s p o n d s  t o  th e  " t r a n s i ­

t i o n .  I n  t h e  c i s  com plex th e  I s  n o t  s p l i t  s u f f i ­

c i e n t l y  f o r  W  d i f f e r e n t  t r a n s i t i o n s  t o  b e  s e e n ,  one
—1t r a n s i t i o n  I s  s e e n  a t  2 0 ,0 0 0  .cm" c o r re s p o n d in g  t o  t h e  

— > ^ ^ Ig  t r a n s i t i o n .  T h is  I s  n o t so  In  t h e

t r a n s  com plex w here  2 weak t r a n s i t i o n s  a r e  s e e n  a t  

17,000  cm"^ and  23,000  cm *^. T hese  c o rre s p o n d  q 

t o  t h e  ^■Eg and th e

I n  g e n e r a l , a b s o r p t io n  in  a  c i s  com plex i s  

g r e a t e r  th a n  In  a  t r a n s  com plex s in c e  t h e  c i s  Isom er 

l a c k s  a  c e n t r e  o f  sym m etry .
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3 * K in e t i c  A p p l ic a t io n  o f  c r y ^ a l  f i e l d  th e o r y .

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

c o b a l t  U l j j s x e  r e l a t i v e l y  slow , an d  so  In  g e n e r a l  can  

b e  m easu red  by  s ta n d a r d  te c h n iq u e s  su c h  a s  s p e c t r o ­

p h o to m e try . S u b s t i t u t i o n  r e a c t i o n s  o f  some o th e r  

t r a n s i t i o n  m eta ls , a r e  fo u n d  t o  b e  much f a s t e r  and 

c a n n o t be  m easu red  by th e  same t e c h n iq u e s .  I  aube  

q u a l i t a t i v e l y  s y s te m a t i s e d  t h e  tw o ty p e s  o f  r a t e s  o f  

s u b s t i t u t i o n  by  c a l l i n g  slow  r e a c t i n g  com plexes i n e r t  

and f a s t  r e a c t i n g  com plexes l a b i l e .  He c o r r e l a t e d  

t h e  r a t e s  w ith  t h e  e l e c t r o n i c  a rra n g em e n t o f  t h e . d  

o r b i t a l s .  Com plexes of t h e  f i r s t  t r a n s i t i o n  s e r i e s  

vÆiich h a v e  a t  l e a s t  one c o m p le te ly  empty 3d o r b i t a l  

( i n n e r  d o r b i t a l )  e g . Sc I I I  and  I I  I I  r e a c t  f a s t  and 

so  a r e  known a s  l a b i l e .  Com plexes w hich h a v e  no 

empty 3 d o r b i t a l s  su c h  a s  Cr I I I  and Co I I I  r e a c t  

s lo w ly  th u s  b e i n g . c l a s s i f i e d  a s  I n e r t .

The im p o rta n c e  o f  c r y s t a l  f i e l d  s t a b i l i s a t i o n  

i n  d e te rm in in g  t h e  r a t e s  o f  r e a c t i o n s  h a s  b een  d e v e lo p e d  

i n  a  m ore q u a n t i t a t i v e  f a s h io n  by  B a so lo  and B e a rso n . (l"|) 

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

( C .B .S .E .) f o r  v a r io u s  num bers o f  e l e c t r o n s  f o r  a  r e g u ­

l a r  o c ta h e d r a l  com plex In  weak and s t r o n g  f i e l d s  and
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a l s o  f o r  a s q u a re  py ram id  and a  p e n ta g o n a l  b lp y ra m id .

The l a t t e r  tw o a r e  u se d  a s  a p p ro x im a tio n s  t o  th e  a c t i ­

v a te d  com plex f o r  Sjjl. and 8^2 m echanism s en d , a s  f a r  

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

py ram id  i s  a lw ay s l e s s  f a v o u r a b le  t h a n  a  s q u a re  pyram id#  

The d i f f e r e n c e  b e tw een  t h e  o r i g i n a l  o c ta h e d r a l  and f i n a l  

C #? .8#E . i s  c o n s id e re d  a s  à  c o n t r i b u t i o n  t o  th e  t o t a l  

a c t i v a t i o n  e h e rg y , A  Eg ,̂ A l a r g e  v a lu e  of A E^ 

im p l ie s  a  s lo w  r e a c t i o n  and  a  s m a ll  v a lu e  a f a s t  r e ­

a c t i o n .  The m ost a f f e c t e d  io n s  a r e  t h e  d^» s p in
g o

c o u p le d  d and d io n s .  T h is  r e s u l t s  i n  t h e  o b se rv e d  

s lo w  r e a c t i o n s  o f  Cr H I  and  Co I I I .

*  •

• 4 # O p t ic a l  A c t iv i t y

O p t ic a l  a c t i v i t y  i s  a s s o c i a t e d  w ith  m o le c u le s  

c o n ta in in g  a n  cusymmetric c e n t r e  or o v e r a l l  CLsymmetry 

and la c k in g  a  p la n e  and c e n t r e  o f  symmetry# T h is  r e ­

s u l t s  in  two r e l a t e d  phenom ena, o p t i c a l  r o t a t o r y  d i s p e r ­

s io n  and c i r c u l a r  d ic h r o ls m .

O p t ic a l  r o t a t o r y  d i s p e r s i o n  i s  t h e  a b i l i t y  o f  

t h e  m o le c u le  t o  r o t a t e  t h e  p la n e  o f p la n e  p o la r i z e d  

l i g h t .  I t  i s  fo u n d  t o  v a ry  w ith  w a v e le n g th  and  each  

CLsymmetric c e n t r e  g iv e s  r i s e  t o  a n  S c u rv e  in  i t s
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r e g io n  o f  l i g h t  a b s o r p t io n .  T h is  o u r r e  i s  known a s
i

t h e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  c u rv e  o r  t h e  C o tto n  

E f f e c t .  The r o t a t i o n ,  dL , a t  any  w a v e le n g th  X  i s  

g iv e n  by

( I )  .  % _ ( = !  -  = , )
^  A

w here  and a r e  t h e  r e f r a c t i v e  in d ic e s  f o r  r i g h t  

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

P la n e  p o l a r i z e d  l i g h t  can  b e  c o n s id e re d  t o  b e  made up  

o f  r i g h t  and  l e f t  c i r c u l a r l y  p o l a r i z e d  l i g h t .

E iag ram  7 : P o s i t i v e  C o tto n  % f e c t

0 W

v i s i b l e  a b s o r p t io n  
sp e c tru m

c i r c u l a r  d ic h ro is m

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

->x

S in c e  r i g h t  and l e f t  c i r c u l a r l y  p o l a r i z e d  l i g h t  a r e  

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

no  lo n g e r  be  p la n e  p o l a r i z e d  b u t  e l l i p t i c a l l y  p o l a r i z e d .
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T h is  phenomenon i s  known a s  c i r c u l a r  d ic h ro is m ; i t s  

m ag n itu d e  i s  e x p re s s e d  by th e  e l l i p t i c i t y ,  -  6 ? , 

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

@2 -  e^  "  —  -  Ky) lo g  e.4 %

A

w here  and a r e  t h e  a b s o r p t io n  in d ic e s  f o r  l e f t  

and  r i g h t  c i r c u l a r l y  p o l a r i z e d  l i ^ t .

The o r i g i n  o f  b o th  phenom ena a r i s e s  from  t h e  

i n t e r a c t i o n  o f  t h e  e le c t r o m a g n e t ic  l i g h t  r a d i a t i o n  w ith  

t h e  v a le n c e  e le c t r o n s #  l )  When th e  a m p litu d e  o f  t h e  

l i g h t  becom es c lo s e  t o  t h e  n a t u r a l  a m p litu d e  o f  t h e  

e l e c t r o n ,  th e  e l e c t r o n  i s  p o l a r i z e d  and in d u c e s  an  

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

» e  (M axw ell’ s law ) w here  e  i s  t h e  s t r e n g th  o f  t h e  

e l e c t r i c  f i e l d  and  n ,  t h e  r e f r a c t i v e  in d e x , i s  d i f f e r ­

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

Vfhen t h e  l i g h t  a m p litu d e  i s  e x a c t ly  e q u a l  t o  t h a t  o f  

t h e  e l e c t r o n ,  exchange o f  e n e rg y  t a k e s  p la c e  r e s u l t i n g  

i n  z e ro  r o t a t i o n  a n d , on f u r t h e r  in c r e a s in g  t h e  a m p li­

t u d e ,  th e  r o t a t i o n  i s  r e v e r s e d  d u e  t o  change  in  p h a s e . 

T h is  r e s u l t s  in  th e  S sh ap ed  d i s p e r s i o n  c u rv e .

O p t ic a l  r o t a t o r y  d i s p e r s i o n  and c i r c u l a r  d i -  

ch ro i^m  c a n  be  u s e d  t o  c o r r e l a t e  t h e  c o n f ig u r a t io n s  o f  

r e l a t e d  d is sy m m e tr ic  m o le c u le s  and so  f o l lo w  t h e  s t e r i c



1%.

c o u rs e  o f  r e a c t io n s *  C i r c u l a r  d ic h ro is m  h a s  b e en  

u se d  t o  d e d u ce  sym m etry e le m e n ts  and  e l e c t r o n i c  

e n e rg y  l e v e l s .

5 * O o t ic a l  A c t iv i t y  in  c o b a l t  I I I  com plexes

O p t ic a l  a c t i v i t y  i s  e x h ib i t e d  in  c o b a l t  I I I  

com plexes when th e  s t r u c t u r e  o f  one iso m er i s  n o n su p e r-  

p o s a b le  on i t s  m ir ro r  im age and t h e  m o le c u le  a s  a  w hole  

l a c k s  a  p la n e  and c e n t r e  o f  sym m etry .

O p t ic a l  a c t i v i t y  among o c ta h e d r a l  com plexes 

was f i r s t  d e m o n s tra te d  by W erner. He r e s o lv e d  t h e  

[C oen^]^*  io n  by m aking u s e  o f t h e  l a r g e  d i f f e r e n c e  i n  

s o l u b i l i t y  o f  t h e  d ia s te r e o i s o m e r s  i n  ü ie  fo rm  o f  t h e  

c h i  o r  o t  a r t  r a t e  o r  t h e  b rom ot a r t  r a t e ,  [Coen^l^^ClfC^H ^O ^) 

The two form s a r e  shown in  d iag ram  8 .

D iagram  8

D W



C om plexes c o n ta in in g  tw o  Idi d e n t a t e  c h e l a t e  

l ig a n d s  and  tw o u n id e n t  a t e  l ig a n d s  c a n  e x i s t  in  c i s  

and t r a n s  fo rm s• Two o p t i c a l l y  a c t i v e  fo rm s o f  t h e  

c i s  iso m er e x i s t .

D iagram  9 : Iso m e rs  o f  a  h i s h i d e n t a t e  c h e l a t e  
compound

The com plex w i l l  a l s o  e x h i b i t  o p t i c a l  a c t i v i t y  

i f  one o f t h e  a tom s in  th e  l ig a n d  i s  d sy m m etric . An 

Asym m etric c a rb o n  c e n t r e  i s  p r e s e n t  i n  p ro p y le n e d ia m in e , 

so  t h e  com plex [Copn(HH^)^]^'*' owes i t s  a c t i v i t y  t o  t h e  

c a rb o n  atom  a lo n e .  H o w ev e r,th e  o p t i c a l  a c t i v i t y  o f  

c i s  [Gopn2(HH ^)2l^2+ w i l l  b e  due n o t o n ly  t o  t h e  

asym m etric  c a rb o n  atom  b u t a l s o ^ th e  o v e r a l l  asym m etry .

R e c e n tly  t h e  [Co(HH^)^(CH^HEGH2C00) w here

CH^MCHgCOO* •  s a r c o s in e  h a s  b e e n  r e s o lv e d .  H ere



io.

t h e  a c t i v i t y  i s  due  t o  t h e  asym m etry o f  t h e  c o o r d i ­

n a te d  n i t r o g e n .  The c o o r d in a t io n  s t a b i l i s e s  t h e  

p r o to n  on t h e  asym m etric  n i t r o g e n  and p r e v e n ts  t h e  

r a p i d  in v e r s io n  w h ich  i s  r e s p o n s i b l e  f o r  t h e  i s o l a t i o n  

o f  ra c e m ic  q u a te r n a r y  ammonium s a l t s .

The a c t u a l  n o m e n c la tu re  u se d  f o r  r e l a t i n g  and  

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

much d i s c u s s io n .  O r i g i n a l ly  two e n a n tlo m e rs  w ere  

d i s t i r g u i s h e d  by t h e i r  r o t a t i o n  (+ ) o r  d and ( - )  o r  1  

a t  t h e  Na ^  l i n e .  T h is  i s  s t i l l  commonly u s e d .

The sym bols D and L a r e  u s e d  t o  d e s c r i b e  a b s o lu te  con­

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

D(+) [C oen^]^*  io n .  T h is  i s  o n ly  r e l a t i v e  nomen­

c l a t u r e  and i s  d e p en d e n t on t h e  a b s o lu te  c o n f i g u r a t i o n  

o f  D( + ) [Coen^]^'*’. The p rob lem  o f  n o m e n c la tu re  

in h e r e n t  in  t h e  r e l a t i v e  p o s i t i o n  o f  t h e  l ig a n d s  h a s  

b e e n  exam ined f u l l y  (iS) a s  a  p u r e ly  t o p o l o g i c a l  p ro b lem  

o f  c h i r a l i t y ,  w here  c h i r a l i t y  e x p re s s e s  t h e  n e c e s s a r y  

and s u f f i c i e n t  c o n d i t io n s  f o r  t h e  e x i s te n c e  o f  is o m e rs . 

Trom a  n u m e r ic a l  sy s te m  o f  a r r a n g in g  th e  g ro u p s  a ro u n d  

t h e  c e n t r a l .m e t a l  atom  a  s e r i e s  o f  r u l e s  w ere  s e t  ou t 

w h ich  a llo w e d  t h e  n o m e n c la tu re  o f  t h e  a b s o lu te  c o n ­

f i g u r a t i o n  t o  b e  f i x e d .  T h ese  a r e  c a l l e d  R and S 

w here  t h e  R c o n f i g u r a t i o n  c o r re s p o n d s  t o  th e



l \ .

D(+) [Coen^]^*** shown by X -ra y  a n a l y s i s .

The c o n f ig u r a t io n s  o f  many b i s  e th y l  en ed iam in e  

com plexes h a v e  b e e n  r e l a t e d  t o  "the h e l i x  d e s c r ib e d  by  

t h e  c h e l a t e  l ig a n d s  o f t h e  [C oeng]^*  ab o u t t h e  m ajo r 

a x i s  C ^. T h is  c h i r a l i t y  i s  l e f t  handed  f o r  t h e  

D(+) [C oen^]^*  io n  and  t h i s  iso m er h as  b e e n  d e s ig n a te d  

W  u s in g  t h e  c o n v e n tio n  f i r s t  in t ro d u c e d  by  P i p e r .

B ut com plexes w ith  a  sym m etry a r e  much l e s s  common 

th a n  w i th  Cg sym m etry a s  in  c i s  [ C o e n 2 ^ 2 T h e  

c o n f ig u r a t io n  o f  su c h  a com plex  c a n  b e  c o n s id e re d  a b o u t 

an  Im a g in a ry  a x is  b u t  t h e  c h i r a l i t y  can  a l s o  b e  r e ­

l a t e d  t o  i t s  own r e a l  C2  a x i s  and t h i s  r e s u l t s  in  a  

ch an g e  o f  c h i r a l i t y .  Thus f o r  exam ple th e  d e s ig n a ­

t i o n  f o r  t h e  B(+) [C oen^]^*  i s  b o th  J \ .  (C^) and A  (C g ) , 

d ^ e n d in g  on w h ich  r e f e r e n c e  a x is  i s  c o n s id e r e d .  S in c e  

t h i s  work d e a l s  m a in ly  w i th  b i s  e th y l  en ed iam in e  co m p lex e s , 

t h e  d e s ig n a t io n  o f  A and A. a r e  made w ith  r e f e r e n c e  

t o  t h e  a x i s .
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D iagram  1 0 : Cg A xis in  a  b i s b i d e n t a t e  c h e l a t e

c o m p le x .

-> c .

A  ( c O

I t  i s  a l s o  found  t h a t  i f  t h e  h e l i c a l  d i s t r i ­

b u t io n  o f  s e v e r a l  com plexes i s  t h e  sam e, th e n  th e y  a l l  

h a v e  t h e  same g e n e r a l  sh ap e  f o r  t h e i r  o p t i c a l  r o t a t o r y  

d i s p e r s i o n  c u rv e s#  Some o f  t h e s e  a r e  shown i n  P ig u r e  1 .

However t h e  v a lu e s  o b ta in e d  f o r  th e  

( - )  [Coen2C0^]"^ io n  and f o r  t h e  ( - )  and (+ ) [CoengCCgO^) ]"*" 

io n s  w ere  l a r g e r  t h a n  th e  r e p o r t e d  v a lu e s  (p a g e s  ikS , i t t ) .

T h is  a llo w s  th e  fo rm a t io n  o f  a  g e n e r a l  e m p ir ic a l

r u l e ;  (tQ* P or-m onom eric  com plexes o f  c o b a l t  H I  c o n ta in -
*

in g  two o r  t h r e e  fiv e-m em b ered  or s m a l le r  c h e l a t e  r i n g s ,  

t h e  e n a n tio m e r h a v in g  a  d o m in a n tly  p o s i t i v e  C o tto n  E f f e c t  

f o r  t h e  lo n g e s t  w a v e le n g th  s p in  a llo w e d  d -d  t r a n s i t i o n  

a b s o r p t io n  band h a s  t h e  D c o n f i g u r a t i o n .

The a b s o lu te  s t r u c t u r e  o f t h e  A  [C oen^]^^
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io n  h a s  b e en  m easu red  by X-ftay c r y s t a l l o g r a p h y ,  t h e  

D (A  ) and 1  ( - ) iso m e rs  h a v e  b e en  p r e v io u s ly  shown 

(p a g e  2% ) .  T h e re fo re  t h e  a b s o lu te  s t r u c t u r e  o f  a l l  

com pounds w hich  c a n  b e  r e l a t e d  t o  t h i s  io n  c a n  be  

fo u n d , • The e x te n s io n s  o f  t h i s  c o r r e l a t i o n  in to  t h e  

c is b is d ia m in e  s e r i e s  i s  l e s s  c e r t a i n  and more d e f i n i t e  

in fo rm a t io n  c a n  b e  o b ta in e d  from  th e  c i r c u l a r  d ic h ro is m  

c u rv e s .  C i r c u l a r  d ic h ro is m  i s  e s p e c i a l l y  v a lu a b le  

when th e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  c u rv e  i s  c o m p li­

c a te d  by a  num ber o f  o v e r la p p in g  a b s o r p t io n  b a n d s , 

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

d ic h r o is m , v e ry  much l e s s  o v e r la p  i s  o b ta in e d  i n  t h e  

l a t t e r .

T hat t h e r e  i s  any c o n n e c tio n  b e tw een  th e  

C o tto n  E f f e c t  and t h e  a b s o lu te  c o n f i g u r a t i o n  h a s  b een  

q u e s t io n e d ,  I f  t h e  o p t i c a l  a c t i v i t y  i s  a s c r ib e d

s o l e l y  t o  t h e  d i s t o r t i o n  o f t h e  l ig a n d  a to m s, t h e i r  

o r b i t a l s  or t h e i r  c h a rg e s  from  t h e i r  o c ta h e d r a l  d i s ­

t r i b u t i o n  th e n  t h e r e  i s  no n e c e s s a ry  c o r r e l a t i o n .

T h ese  t h e o r i e s  r e q u i r e  t h a t  t h e  c h e l a t e  atom s n o t 

d i r e c t l y  bonded t o  t h e  m e ta l ,  su ch  a s  h y d ro g en  and 

n i t r o g e n  in  e th y l  e n e d ia m in e , a r e  e l e c t r o n i c a l l y  i n e r t  

and s e rv e  in  a  m e c h a n ic a l c a p a c i ty  o n ly  t o  p ro d u c e  t h e  

d i s t o r t i o n s  r e q u i r e d .
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T b cp erim en ta lly  t h i s  i s  n o t s u p p o r te d ,  X -ra y  

d i f f r a c t i o n  s t u d i e s  on A [C oC en)^]^*  show t h a t  t h e  

d is p la c e m e n t  o f  t h e  n i t r o g e n  a tom s fro m  t h e  o c ta h e d r a l  

p o s i t i o n  i s  s m a l l ,  D e u te r a t io n  s t u d i e s  on t h e  same 

com plex su g g e s t  t h a t  t h e  e l e c t r o n i c  s t a t e s  c o n n e c te d  

"by t r a n s i t i o n s  g iv in g  r i s e  t o  a b s o r p t io n  b ands a r e  

a f f e c t e d  by t h e  N-H b o n d . They a l s o  su g g e s t  t h a t  

t h e  s ig n  o f  th e  c h a rg e  t r a n s f e r  c i r c u l a r  d ic h ro is m  band 

d ep en d s on th e  r i g h t  ( k*)  o r  l e f t  (k )  handed  co n fo rm a­

t i o n  o f  t h e  U-C-C-E c h a in ,  (p a g e  S3 ) ,  T hese  t h e o r i e s  

a l s o  r e q u i r e  t h a t  t h e  l ig a n d  f i e l d  p a ra m e te r ,  10 Dq, a s  

m easu red  by th e  e n e rg y  o f t h e  lo n g  w a v e le n g th  a b s o r p t io n  

b an d  sh o u ld  be s m a l le r  in  t h e  [Co(en)^]^**’ io n  t h a n  i n  

t h e  [Co(33H^)g]^**‘ io n .  T h is  i s  due to  t h e  d is p la c e m e n t  

o f  t h e  n i t r o g e n  atom  re d u c in g  th e  o v e r la p  o f  t h e  n i t r o g e n  

lo n e  p a i r  o r b i t a l  and  t h e  Og o r b i t a l s  o f  th e  m e ta l io n .  

I n  p r a c t i c e  t h e  r e v e r s e  i s  found  t o  h ap p en  show ing t h a t  

t h e  t 2g m e ta l io n  e l e c t r o n s  a r e  d e lo c a l i s e d  in to  t h e  

a n tib o n d in g  0^ o r b i t a l s  sp a n n in g  t h e  w hole e th y l  ened iam i ne 

c h a in .  The d e c r e a s e  i n  en e rg y  o f  t h e  t 2g e le c t r o n s  

r e s u l t s  i n  an in c r e a s e  i n  10 Dq,

T h e re fo re  t h e  o p t i c a l  a c t i v i t y  o f a  conqplez 

c o n ta in in g  c h e l a t e d  e th y l  en ed iam in e  r i n g s  d o es  n o t  

a r i s e  s o l e l y  from  m e c h a n ic a l d i s t o r t i o n  e f f e c t s .  I t
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a r i s e s  from  t h e  m ix ing  o f th e  d -d  t r a n s i t i o n s  o f  t h e  

m e ta l  io n  w ith  c h a rg e  t r a n s f e r  t r a n s i t i o n s  o f  t h e  

l ig a n d  (T" e l e c t r o n s  t o  t h e  Sg o r b i t a l s  o f  th e  m e ta l 

and o f . m e ta l t g ^  e l e c t r o n s  t o  t h e  a n tib o n d in g  o r b i ­

t a l s  o f  t h e  l ig a n d  in  t h e  d e l o c a l i s e d  d e l e c t r o n  m o d el.

The lo w e r  sym m etry o f  t h e  b i s  e th y l  en ed iam in e  

c o b a l t  I I I  com plexes r e l a t i v e  t o  t h e  0^ sy n m e try  o f  

t h e  [Co(KH^)g]^'*' and th e  sym m etry o f  t h e  [C o en ^J^ t 

c a u s e s  a  g r e a t e r  number o f  w eaker t r a n s i t i o n s .  E or 

com plexes o f  t h e  ty p e  [Ooeng&g]^* f o u r  c i r c u l a r  d i ­

c h ro ism  bands a r e  fo u n d . I f  L i s  a  u n id e n t  a t e

l i g a n d ,  two b an d s a r e  a s s o c i a t e d  w ith  e ac h  l i g h t  

a b s o r p t io n  band and i f  I  i s  a  b i d e n t a t e  l ig a n d  one 

band  i s  fo und  a s s o c i a t e d  w ith  t h e  s h o r t  w a v e le n g th  

a b s o r p t io n  and t h r e e  w i th  t h e  lo n g  w av e le n g th  a b s o r p t io n ,  

Erom m easurem ent o f  t h e  p o s i t i o n  and s t r e n g t h  o f  t h e s e  

b a n d s , in fo rm â t io n  h a s  b e en  o b ta in e d  c o n c e rn in g  t h e  

sym m etry and c o n f ig u r a t io n  o f  th e  com plex . Eor 

exam ple , c i s  A  [C oen2 (BH^)2 ]^^ i s  fo u n d  t o  h a v e  

a  sym m etry w h ich  a p p ro x im a te s  t o  t h e  sym m etry o f 

[C oen^]^** At th e  o th e r  ex trem e c i s  A  [Coen2 (C Il)g ]*  

h a s  a  sym m etry , O th e r co m p lex es h av e

sy m m etries  in te r m e d ia te  b e tw een  ih e  tw o e x tre m e s .

The o p t i c a l  a c t i v i t y  i s  c o r r e l a t e d  w ith  c o n f I g u r a t io n
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by  m e a su rin g  t h e  r o t a t i o n a l  s t r e n g th  o f  t h e  A(Ea) 

t r a n s i t i o n  a r i s i n g  from  t h e  breakdow n o f  t h e  o c ta ­

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

t r a n s i t i o n  i s  found  t o  h a v e  a  p o s i t i v e  v a lu e  f o r  com­

p le x e s  w hich  h a v e  t h e  same a b s o lu te  c o n f I g u r a t io n  a s  

t h e  A  [C oen^]^*  ion* ^

T h ese  m ethods o f  com paring  a b s o lu te  c o n f ig u ­

r a t i o n  w ere  a t  f i r s t  fo und  t o  a g re e  in  g e n e r a l  w i th  an  

e a r l i e r  e m p i r ic a l  m ethod w h ich  was s u g g e s te d  by  W erner.

He a s s ig n e d  t h e  same a b s o lu te  c o n f i g u r a t i o n  to  compounds 

w hich  g a v e  t h e  l e s s  s o lu b le  ( + ) oC brom ooam phorsu lphon- 

a t e  s a l t .  T h ese  w ere  a l l  found t o  h a v e  a  p o s i t i v e  

m a jo r  c i r c u l a r  d ic h ro is m  band e x c e p t f o r  t h e  l e s s  s o lu b le  

iso m er o f  c i s  [CoengCMH^)(NOg) w h ich  g a v e  a  n e g a t iv e  

c i r c u l a r  d ic h ro is m  b a n d . T h e re fo re  t h e  s o l u b i l i t y  

m ethod f o r  r e l a t i n g  c o n f ig u r a t io n s  i s  u n r e l i a b le *

& il la rd (b i )  h a s  shown t h a t  t h i s  c a s e  i s  n o t 

u n iq u e .  T a b le  1 shows a  c o m p a riso n  o f  t h e  s ig n  o f 

t h e  c o n f ig u r a t io n  o f  t h e  l e s s  s o lu b le  d i a s t e r  e o iso m e rs  

and t h e  s ig n  o f  t h e  same isom er g iv e n  by t h e  C o tto n  

E f f e c t  *



TABLE 1

Complex

[CoengC&OgÏQ]*

[Coen2'(HCS)(]S02)]*

{C o en 2 (H C S )2 r

[0 o e n 2 (a a 2 )(B 0 2 )]2 +

[Coen2(BE^)(HC8)

L e ss  s o lu b le  
(+ ) BCS

P o s i t i v e  C o tto n  
E f f e c t

( + )

(+)

(+)

(+)

(+)

He a l s o  p o in te d  o u t t h a t  r e a c t i o n s  w hich  o c c u r  

w ith o u t  m e ta l l ig a n d  bond b r e a k a g e , r e t a i n  t h e i r  o r i g i n a l  

c o n f i g u r a t i o n .  T h is  can  be  u s e d  f o r  r e l a t i n g  c o n f  ig u ­

r a t  io n ,  a l th o u g h  i t  i s  o f  l i m i t e d  v a lu e  a s  t h e  number o f  

r e a c t i o n s  o c c u r r in g  w ith o u t  m e ta l l ig a n d  bond b re a k a g e  

i s  s m a l l .  T h ese  in c lu d e  i s o th io c y a n a te  -oiwnine co n ­

v e r s i o n s .

clsECoengCNCSÏQ]* ols[C oen2(H C 3)(K H ,) Ÿ *

^ c i s  [C oen2 (HH^)2 ]3+

6 . The W alden I n v e r s io n

O r ig in a l ly  i t  was fo u n d  by B a i l a r  and  A uten  (9,55) 

t h a t  th e  c o n f ig u r a t io n  o f  t h e  p r o d u c t , [Coen^CO^]*



3^.

form ed by t r e a t i n g  ( - )  [Coen2C l2 ]* w ftb  c a rb o n a te  io n  

depended  on th e  n a tu r e  o f  t h e  c a r b o n a te  io n .  W ith 

m e rc u ry , p o ta s s iu m  o r  i n s u f f i c i e n t  s i l v e r  c a r b o n a te  t h e  

(+ ) [Coen^CO^]* io n  w as fo rm ed , b u t  w i th  e x c e s s  s i l v e r  

c a r b o n a te  t h e  ( - )  [Coen^GO^]* io n  w as p roduced*  

f u r t h e r  i t .w a s  fo u n d  t h a t  t h e  c o n f i g u r a t i o n  o f  t h e  p r o ­

d u c t  was d ep en d en t on t h e  l e n g th  o f  tim ie t h e  ( - )  [C oen2C l2 ]G l 

s o l u t i o n  w as a llo w e d  t o  s ta n d  b e f o r e  r e a c t i n g  w ith  

s i l v e r  c a r b o n a te .  T h is  s u g g e s t s  some form  o f  aquo 

in te r m e d ia t e .  S in c e  M ath ieu  had  shown t h a t  

( - )  [Coen2C l2 i*  &ud (*»■) [Coen^CO^]* h a d  t h e  same s ig n  . 

f o r  t h e i r  c i r c u l a r  d ic h ro is m  i t  i s  l i k e l y  t h a t  t h e i r  

c o n f ig u r a t io n s  a r e  t h e  sam e. The fo l lo w iq g  r e a c t i o n  

se q u e n c e  was s u g g e s te d :

A [Coen2Cl2]*
d ry  AggCO^

HgO

A  [Coen2%0Cl]2 +

A [Coen2C0̂ ]+

HCl ( a l e * )  

A [C oengf^O C l]^*  

HCl ( a l e . )

A  [C oen2C l2]+

V ery few  in v e r s io n s  a r e  fo u n d  t o  t a k e  p la c e ,
*.

t h e  o th e r  m ain e x a m p l e b e i n g  th e  r e a c t i o n  o f  1 c i s
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[C oea^G lp^G l In  l i q u i d  ammonia w here  in v e r s io n  i s  fo u n d  

t o  t a k e  p la c e  a t  low  tm n p e ra tu r e .

A  [GoengClgjCl + HH3 -----------  ̂ACCoengm^CljClg

A  [CoengHS^CljClg + HH3  ̂A [ C o e n 2 ( 2

As t h e  te m p e r a tu re  i n c r e a s e s  t h e  p r o p o r t io n  o f  non i n ­

v e r t e d  p ro d u c t  i n c r e a s e s .

The common f a c t o r  t o  th e  tw o  r e a c t i o n s  i s  t h e  

u s e  o f a  b a s i c  r e a g e n t .  T h is  was d e m o n s tra te d  by 

Dwyer \iÆio t r e a t e d  c i s  ( - )  [Coen^ClgjCH^COO w ith  tw o 

m oles o f  s i l v e r  io n  fo l lo w e d  by tw o m oles o f  sod ium  

h y d r o x id e .(5^  S in c e  t h e  d ih y d ro x o  p ro d u c t  r a c e m is e s  

q u ic k ly ,  t h e  c o n f i g u r a t i o n  was im m e d ia te ly  f r o z e n  by  

t h e  a d d i t i o n  o f  c a r b ô n a te  w hich fo rm s an  o p t i c a l l y  

s t a b l e  p r o d u c t .

A  [CoengClg]* " 0̂ -̂— ^^2^^—qqï=-----^

* I n v e r s io n  w i l l  o c c u r a l s o  i n  t h e  a b se n c e  o f 

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

h i ^ . ( 'S j ^  B a i l a v  su g g e s te d  t h a t  t h e  c a u s e  o f  in v e r s io n  

i s  t h e  rem ova l o f  a  p r o to n  from  th e  co m p lex . I f  t h e  

com plex h a s  b e e n  in  t h e  s o l u t i o n  lo n g  e n o u ^  t o  o jquate , 

t h e  p r o to n  w i l l  b e  rem oved from  th e  c o o rd in a te d  w a te r
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and no I n v e r s io n  w i l l  o c c u r .

A  [C oengC lg]*  + HjO ------------ > A  [C oen2(H 20)C l]2+  + C l"

A  [C oen2(H 20)C l]^*  + CH" > A  [Coen20BCl]+ + SgO

I f  t h e  p r o to n  i s  rem oved from  th e  n i t r o g e n  o f  t h e  c o ­

o r d in a te d  e th y l  e n e d ia m in e , t h i s  n i t r o g e n  may th e n  move 

t o  a n  a d ja c e n t  c o rn e r  o f t h e  o c ta h e d ro n , d i s p l a c in g  t h e  

c h lo r i d e  from  th e  c o o r d in a t io n  s p h e r e .  The v a c a n t  

p o s i t i o n  l e f t  hy th e  n i t r o g e n  w i l l  be  f i l l e d  by t h e  

s o lv e n t  h y d ro x id e  io n s .  The p ro d u c t w i l l  h a v e  e i t h e r  

an  i n v e r t e d  c i s  o r  a  t r a n s  c o n f i g u r a t i o n  d e p e n d in g  on 

w h ich  n i t r o g e n  h a s  l o s t  d p r o to n .

ou

A

OM

A

%

a



T h is  in v o k e s  a  new g e n e r a l  m echanism  f o r  b a s e  h y d r o l y s i s  

a t  low  b a s e  c o n c e n t r a t i o n s ,  vAiereby r a p i d  a q u a t io n  i s  

fo l lo w e d  by  p r o to n  re m o v a l.

An a l t e r n a t i v e  m echanism  a ls o  s u g g e s te d  by
(11̂

B a ila T ^ a g re e s  w i th  a  no rm al S^ICB p r o c e s s  a t  low  co n ­

c e n t r a t i o n  b u t in v o lv e s  t h e  fo r m a t io n  o f  io n  p a i r s  a t  

h ig h  h y d ro x id e  c o n c e n t r a t i o n .

The io n  p a i r  i s  v i s u a l i s e d  a s  b e in g  fo rm ed  

on t h e  s id e  o f t h e  com plex vÆiich i s  more p o s i t i v e .

Once t h e  io n  p a i r  h a s  b e e n  fo rm ed  t h e  r e a c t i o n  c a n  

p ro c e e d  e i t h e r  by an S^lCB m echanism  o r  by an  3^2 

m echanism . The in te r m e d ia te  i s  shown in  D iagram  1 1 .

D iagram  1 1 ; I n te r m e d ia te  io n  p a i r  t o  a cc o u n t f o r  
' i n v e r s io n

t i

0~H



l 'o r  an  SjjlCB m echanism , a  p r o to n  i s  e x t r a c t e d  

from  e i t h e r  t h e  131 o r  K2 n i t r o g e n  w ith  a  s im u lta n e o u s  

le n g th e n in g  o f  t h e  c o b a l t  -  c h lo r i d e  bond and h y d ro x id e  

a t t a c k  a t  t h e  1 ,  2 e d g e .

F o r an  8^2 m e c h ^ is m  a  t r a n s  d is p la c e m e n t  i s

in v o lv e d .

7 .  R a c é m is a tio n  M echanism s in  o c ta h e d r a l  com plexes

The r a t e  o f l o s s  o f o p t i c a l  a c t i v i t y  v a r i e s  

g r e a t l y  w ith  t h e  compound b e in g  c o n s id e r e d .  Rrom t h e  

r e s u l t s  o f  many i n v e s t i g a t i o n s  o f  r a c é m is a t io n  tw o 

m e c h a n is t ic  pa thw ays h a v e  b e e n  s u g g e s te d , t h e  i n t e r -  

m o le c u la r  and  in t r a m o le c u la r  m echan ism s.

I n t e r  m o le c u la r  M echanism

D u rin g  a n  in te r m o le c u la r  p r o c e s s ,  one o f t h e  

l ig a n d s  becom es c o m p le te ly  d i s s o c i a t e d .

M(AA)3 — M(AA)2 + AA

The fo rm a t io n  o f  t h i s  in te r m e d ia te  a l lo w s  re a r ra n g e m e n t 

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

d i s s o c i a t i o n  and r a c é m is a t io n  a r e  t h e  sam e, th e n  t h e  

tvro p r o c e s s e s  a r e  a c c o m p lish e d  by  t h e  same m echanism .

At f i r s t  s i g h t  t h e  p re s e n c e  o f e x c e s s  c h e l a t i n g  l ig a n d



m ig h t he  e x p e c te d  t o  r e t a r d  t h e  r a c é m is a t io n  r a t e *

T h is  i s  i n c o n c lu s iv e , s i n c e  i f  t h e  in te r m e d ia te  w as '

s y m m e tr ic a l  or l o s t  i t s  a c t i v i t y  v e r y  q u ic k ly  i t  w ou ld  

h e  u n a f f e c t e d  hy  e x c e s s  c h e l a t i n g  r :a g e n t .

T h is  t y p e  o f  m echanism  i s  u s e d  t o  e x p la in  t h e  

r a c é m is a t io n  o f  s e v e r a l  co m p lex es , among them  t h e  t r i s -  

( 1 ,1 0 - p h ena n t h r o l i n e ) - n i c k e l  I I ,  t r i s - ( 2 , 2 *  h i p y r i d y l ) -  

n i c k e l  H  and  t h e  ( 2 , 2*  h i p y r i d y l ) h i s  (1 ,1 0 -p h e n a n -  

t h r o l i n e )  n i c k e l  H  io n s .  P o r t h e  hom ogeneous l ig a n d  

n i c k e l  I I  com p lexes an  o p t ic  a l l y  i n a c t i v e  i n te r m e d ia te  

can  he  e n v is a g e d :

(+ ) o p t i c a l l y  ( - )
i n a c t i v e
in te r m e d ia te

The e x a c t  n a tu r e  o f t h e  in te r m e d ia te  h a s  n o t  been  d e ­

f i n e d .  I t  i s  p o s s i b l e  t o  im ag ine  a  c i s  d ia q u o  com­

p l e x ,  [N l(A A )2 2 whi c h w ould ra c e m is e  r a p i d l y  

o r  t h e  i n a c t i v e  t r a n s  d ia q u o  co m p lex .

l 'o r  t h e  ( 2 , 2*  b i p y r i d y l ) b i s ( l ,1 0 - p h e n a n t h r o -  

l i n e ) n i c k e l  I I  io n ,  t h e  m echanism  su g g ested (i% ,i^ fo r a c id  

s o l u t i o n s  in v o lv e s  a  tw o - s ta g e  re m o v a l o f  t h e  non r i g i d  

b i p y r id i n e  l ig a n d .
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T h is  tw o - s ta g e  p r o c e s s  i s  Im p o s s ib le  f o r  t h e  [N i(p h e n )o ]  

io n  s in c e  t h e  r i g i d  s t r u c t u r e  o f  1 ,1 0 - p h e n a n th r o l in e  

p r e v e n ts  i t  a c t in g  a s  a  u n id e n t  a t e  l ig a n d  and s o ,  f o r  

an  i n t  erm ol e c u la r  p r o c e s s ,  t h e  . d i s s o c i a t i o n  h a s  t o  tatoe 

p l a c e  i n  one s t e p .

The e f f e c t  on th e  r a c é m is a t io n  r a t e  on c h a n g in g  

t h e  s o lv e n t  h a s  b e en  studied(lW ) in  t h e  c a s e  o f  t h e  t r i s -  

( i j l O - p h e n a n t h r o l in e ) n i c k e l  U  ionw I n  e th a n o l- w a te r  

medium th e  r a c é m is a t io n  a t  f i r s t  d e c r e a s e d ,  th e n  I n ­

c r e a s e d  and f i n a l l y  d e c re a s e d  a s  t h e  e th a n o l  c o n te n t  

was r a i s e d .  S i j i i i a r  b e h a v io u r  was fo u n d  in  m e th a n o l-

w a te r  and a c e to n e -w a te r  s y s te m s . When a  g ra p h  o f  t h e
A te n tro p y  o f  a c t i v a t i o n  lAS a g a in s t  t h e  e n e rg y  o f  

a c t i v a t i o n  was p l o t t e d  i t  was fo u n d  t o  b e  l i n e a r .

2+



Vb.

T h is  f i t s  t h e  r e l a t i o n :

A s *  -  I  + |2 Û S

W here ^  i s  d e f in e d  a s  t h e  i s o k i n e t i c  t e m p e r a tu re  and  

h a s  t h e  d im e n s io n s  o f  a b s o lu te  t e n p e r a t u r e .  oL i s  

t h e  m easu re  o f  t h e  i n t e r c e p t  and h a s  no p h y s i c a l  m eaning,

l e f f l e r  h a s  show n(\oî)t h a t ,  p ro v id e d  t h e  m id­

p o in t  o f  t h e  te m p e ra tu re  r a n g e  was s u f f i c i e n t l y  d i f f e r ­

e n t  from  jg , t h e n  a  l i n e a r  r e l a t i o n s h i p  was d i a g n o s t i c  

o f  t h e  same m echanism  i r r e s p e c t i v e  o f  s o l v e n t .  S in c e  

a  d i s s o c i a t i o n  m echanism  i s  known t o  t a k e  p l a c e  i n  

aq u eo u s s o l u t i o n  i t  can  be assum ed t h a t  i t  t a k e s  p la c e  

in  a l l  s o l v e n t s ,  t h e  m e c h a n is t ic  pa thw ay  n o t b e in g  a  

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

I n t r a m o le c u la r  m echanism

a) C h e la te  r i n g  c le a v a g e  m echanism

T h e re  i s  no c o u p le t s  d i s s o c i a t i o n  o f  l ig a n d s  

d u r in g  an  in t r a m o le c u la r  r a c é m is a t io n .  T h is  d o es n o t 

e x c lu d e  a  pa thw ay  w here  t h e r e  i s  r i i ^  c le a v a g e ,  t h e  b i ­

d e n t  a t e  c h e l a t e  f u n c t io n in g  a s  a  u n i d e n t a t e  g ro u p .

T h is  id e a  h a s  b e en  u s e d  t o  explaln(^iv) t h e  r a c é m is a t io n  

o f  t h e  t r i^ - o ia l a to c h r o m iu m  I I I  io n ,  [CrXCgO^)^]^"#

I t  w as found  t h a t  t h e  r a t e  o f  o x a la te  exchange  w ith
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u n c h e la te d  o a r to n ^ ^  l a b e l l e d  o x a la t e  w as s lo w e r  th a n  

t h e  r a c é m is a t io n ,  s u g g e s t in g  an  in t r a m o le c u la r  m echa­

n ism . F a r t h e r  oxygen e x p e r im e n ts  showed t h a t  a l l  

12 oxygens exchange  w ith  t h e  s o lv e n t  w a te r  and t h e  r a t e  

o f  ex ch an g e  i s  f a s t e r  th a n  th e  o x a la t e  exchange  b u t  

s lo w e r  t h a n  t h e  r a c é m is a t io n .  The c h e l a t e  r i n g  m ust 

o p e n .an d  c lo s e  s e v e r a l  t im e s  b e f o r e  t h e  d e p a r tu r e  o f  

t h e  o x a la t e  g ro u p  and t h i s  s u g g e s ts  t h a t  t h e  r a c é m is a ­

t i o n  t a k e s  p l a c e  by c h e l a t e  r i n g  c le a v a g e .

A

)—  C =  00 —  c  C—0

A

b ) T w is t m echanism

T h re e  d i f f e r e n t  in t r a m o le c u la r  r a c é m is a t io n  

m echanism s n o t in v o lv in g  bond r u p t u r e  h a v e  b een  p o s tu ­

l a t e d .  ( \ is )

The f i r s t  o f  t h e s e  w as s u g g e s te d  by Ray and 

D u t t .  C o n s id e r in g  a  t r i s  b l d e n t a t e  c h e l a t e  compound
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t h i s  m echanism  c a n  he  im ag ined  hy  f i x i n g  one o f t h e  

r i n g s  i n  s p a c e  and  r o t a t i n g  t h e  two re m a in in g  r i n g s  

90^ in  o p p o s i te  d i r e c t i o n s  a h o u t a x e s  p e r p e n d ic u la r  

t o  t h e i r  r e s p e c t i v e  p la n e s  a n d  p a s s in g  th ro u g h  t h e  

m e ta l  io n .

THAN SIT ION s t a t e

The B a i l a f  t w i s t  in v o lv e s  t h e  r o t a t i o n  o f  

t h e  t h r e e  m e ta l  donor honds ah o u t t h e  a x i s  i n  a  

c o u n te rc lo c k w is e  d i r e c t i o n .

/

A
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T he m ain d i f f e r e n c e  b e tw een  t h e s e  two t w i s t  m echanism s 

i s  t h a t  in  t h e  fo rm e r  t h e  i n t e r n a l  c h e l a t e  r i n g  a n g le s  

do n o t  c h a n g e ,b u t  th e y  do i n  t h e  l a t t e r .

Much m ore r e c e n t l y  S p r in g e r  and  S ie v e r s  (ii$ ) 

s u g g e s te d  a  t h i r d  m echanism . H e re , w h i le  im a g in in g  

one r i n g  t o  rem a in  s t a t i o n a r y ,  t h e  tw o re m a in in g  r i n g s  

r e v o lv e  p a s t  each  o th e r  c o n t i n u a l l y  c h a n g in g  t h e i r  

p l a n e s .  The f r o n t  f a c e s  o f t h e  o c ta h e d ro n  r o t a t e  

t h r o u ^  120® s im u lta n e o u s ly  b u t in d e p e n d e n t ly  a b o u t 

a x e s  p a s s in g  p e r p e n d ic u l a r ly  th ro u g h  t h e i r  f a c e  c e n t r e s .

A ( 0 T(lrnsiti6m State.
H Q

T h is  i s  in  c o n t r a s t  t o  t h e  H&y and D u tt  m echanism  w here  

t h e  tw o r i n g s  r o t a t e . p a s t  e ac h  o th e r  in  t h e i r  own p l a n e s .

The Ray and D u tt  m echanism  and S p r in g e r  and 

S ie v e r  m echanism  do n o t  a llo w  ch an g e  i n  t h e  i n t e r n a l  

c h e l a t e  r i n g  a n g le  and t h u s  a r e  fo u n d  t o  b e  s p e c i f i c
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c a s e s  o f  t h e  B a i l a r  t w i s t  w here  c h an g e s  i n  th e  r i n g  

a n g le  o c c u r .

T h e re  i s  no c o n c lu s iv e  e x p e r im e n ta l  e v i ­

d e n c e  f o r  d i s t  in g u is h in g  b e tw ee n  t h e  t h r e e  m echanism s 

and  i t  i s  l i k e l y  t h a t  in  r e a l i t y  t h e  m echanism  l i e s  

someviôiere betw een  th e  ex trem e  c a s e s  d i s c u s s e d .  F o r 

r i g i d  c h e l a t e  r i n g s ,  a s  in  t h e  c a s e  o f  1 ,1 0 -p h e n a n th x o -  

l i n e  a  f i x e d  c h e l a t e  r i n g  a n g le  m echanism  i s  p r e f e r r e d .  

C o n v e rse ly  t h e  B a H a r  t w i s t  m echanism  i s  more s u i t a b l e  

f o r  n o n - r ig id  c h e l a t e s  l i k e  2 2 ’ b i p y r i d i n e .

E x p e r im e n ta l ly  i t  i s  found  t h a t  f o r  t r i s -  

( 1 ,1 0 - p h e n a n th r o l in e )  i r o n  I I  io n  r a c é m is a t io n  i s  t e n  

t im e s  f a s t e r  t h a n  d i s s o c i a t i o n .  A t w i s t  m echanism  

m ust be  in v o lv e d  s in c e  1 ,1 0 - p h e n a n th r o l in e  c a n n o t 

f u n c t io n  a s  a  m onodent a t e  l i g a n d .  F o r th e  t r i s -  

( 2 2 * b i p y r i d i n e ) i r o n  I I  i o n , r a c é m i s a t i o n  i s  a g a in  

f a s t e r  th a n  d i s s o c i a t i o n ,  s u g g e s t in g  r a c é m is a t io n  p r o ­

c e e d s  b o th  by i n t e r - a n d  in t r a m o le c u la r  p r o c e s s e s .

8 .  The E f f e c t s  o f  r i n g  fo rm a t io n  on com plex  s t a b i l i t y

C h e la te d  com plexes a r e  fo u n d  t o  b e  m ore s t a b l e  

th a n  t h e i r  non c h e la te d  a n a lo g u e s . The e q u i l ib r iu m  

c o n s ta n t  f o r  t h e  r e a c t i o n :



EL

-  inXjQ + ni»

w here  n  u n i d e n t a t e  U g a n d a  a r e  r e p la c e d  by m m o l t i -  

d e n t a t e  l ig a n d s  h a s  b een  shown to  b e  g r e a t e r  th a n  n n i ty * (H ‘jj 

The s t a b i l i t y  o f  com plexes w ith  r e l a t e d  m ult i d e n t a t e  

l ig a n d s  a l s o  i n c r e a s e s  w ith  th e  num ber o f  c h e l a t e  r i n g s  

fo rm e d , p ro v id e d  t h e r e  a r e  no r e s t r i c t i o n s  in t r o d u c e d  

by  s t e r i c  s t r a i n .

Four-m em ber ed r i n g s  a r e  r e l a t i v e l y  r a r e  i n  

m o n o n u clea r com p lexes due t o  th e  s t r a i n  im p a r te d  by  t h e  

u n u s u a l  bond a n g le s .  They a r e  fo u n d  i n  t h e  s u lp h a te  

and c a rb o n a to  g ro u p s  com plexes vAien t h e s e  a c t  a s  b i ­

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

0
Co' \ 0

G e n e ra lly  f i v e  and  s ix -m em bered  r i n g s  a r e  

much more s t a b l e .  E th y l  en e d ia m in e  i t s e l f  fo rm s a  

f  iv  e-m ember ed r i n g  a s  a l s o  d o e s  t h e  o x a la te  io n .

Co,
3sh:

/
CH,

.0 - c 

0 - 0

0

0
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Commonly f i v  e-member ed r i n g s  a r e  m ore s t a b l e  th a n  s i r .  

E th y le n e d ia m in e  and 1 ,2  d iam in o p ro p a n e  com plexes a r e  

m ore s t a b l e  t h a n  t h o s e  o f  1 ,3  d ia m in o p ro p a n e . By 

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

l ig a n d  r i n g  w ould  a l s o  b e  e x p e c te d  t o  b e  m ore s t a b l e  

t h a n  t h e  m a lo n a to  l i g a n d ,  i t s  s ix -m em bered  n o n -p la n a r  

r i n g  a n a lo g u e .

^ 0  -  C -  0 
^  \

Co CH
0 -  C/ 2

I n  p r a c t i c e  t h i s  i s  n o t a lw ays t r u e  due t o  t h e  r e d u c in g  

p r o p e r t i e s  of t h e  o x a la te  g ro u p .

The roost s t a b l e  p u c k e re d  c o n fo rm a tio n  o f  t h e  

e th y le n e d ia m in e  r i n g  a llo w s  t h e  h y d ro g e n s  on th e  a d ja ­

c e n t  r i n g  a tom s t o  be  a lm o st c o m p le te ly  s ta g g e r e d ,  

g iv in g  g au ch e  c o n fo rm a tio n s , T h is  t e n d s  t o  m in im ise  

t h e  e n e rg y  o f  t h e  c y c l i c  s t r u c t u r e  and o u tw e ig h s  t h e  

e n e rg y  in c r e a s e  due  t o  t h e  d im in u t io n  o f  t h e  U -  Co -  

a n g le  from  t h e  i d e a l  90® t o  81®. Two c o n fo rm a tio n s  

o f  t h e  g au ch e  form  a r e  p o s s i b l e .
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D iagram  12 ; C o n fo rm a tio n s  o f  t h e  eth y l e n ed lam ine»  
c o b a l t  r i n g

C—t  —% N

G)

Ol and e show t h e  a x i a l  and e q u a t o r i a l  h y d ro g en  a t  ans*

T h ese  a r e  m ir ro r  im ages and d e s ig n a te d  k  and k * . P ou r 

p o s s i b l e  c o m b in a tio n s  o f  t h e  t h r e e  e t  h y l  en ed lam in e  r i n g s  

i n  [C oeU j]^*  a r e  p o s s i b l e .  T h ese  a r e  k k k , k k k * , kk*k* , 

k ’ k ’k* and h a v e  d i f f e r e n t  s t a b i l i t i e s .

The p h y s i c a l  e v id e n c e  f o r  th e  c o n fo rm a tio n s  

comes p a r t l y  from  X -ra y  c r y s t a l l o g r a p h i c  s t r u c t u r a l  

d e te r m in a t io n s .  I t  was i n i t i a l l y  th o u g h t t h a t  i n f r a ­

r e d  s t u d i e s  on th e  v a r i a t i o n  in  t h e  s t r e t c h i n g  f r e q u e n c ie s  

b e tw een  a x i a l  and  e q u a t o r i a l  & iL bstituen ts w ould y i e l d  

in f o r m a t io n .  The i n f r a - r e d  e v id e n c e  f o r  th e  e th y le n e -  

d iam in e  com plexes was found  t o  b e  in c o n c lu s iv e  a lth o u g h  

i n  fa v o u r  o f  a  g a u c h e .c o n fo rm a tio n . T h is  h a s  b e en

c o n firm e d  by X .ra y  d i f f r a c t i o n  s t u d i e s  on t h e  [C o e n ^ y ^ f
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io n  and on some t r a n s  [Coen2X2 ]^ io n s  w here  % « C l* , 

Dr*# The c o n fo rm a tio n s  o f t h e  r i n g s  a r e  fo u n d  t o  

h e  g au ch e  and  t h e s e ,  t o g e th e r  w ith  t h e  a c t u a l  co n fo rm a­

t i o n s  o f  t h e  r i n g s ,  a re  shown i n  T a b le  2#

TABLE 2

Compound C o n fo rm a tio n  R e la t i o n  o f
 ________  o f , d ia m in e  r i n g s

t r a n s  [C oen2C l2 ]C l g au ch e  k  k*

t r a n s  [CoeUgBr^Br: ) g a u ch e  k  k*

A [Coen^jBr^EgO g au ch e  kkk

D iagram  13 shows t h e  kkk and k ' k ' k *  form s o f  

t h e  A  [C oen^]^*  ion# The kkk h a s  b e e n  shown t o  b e  

t h e  m ore s t a b l e  and t h i s  m igh t b e  p r e d i c t e d  s in c e  t h e  

non-bonded  i n t e r a c t i o n s  b e tw een  th e  a x i a l  h y d ro g e n s  o f 

t h e  amino g roup  and t h e  r i n g  c a rb o n s  a r e  s m a l l e r .  The 

C-C a x i s  i s  e c l ip s e d  in  t h e  k k k  form  and  s ta g g e r e d  

i n  t h e  k*k*k* fo rm .
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D iagram  1 3 ; The k k k  and t h e  k ' k ' k *  form s o f  t h e

A [ C o e n g i o n  v iew ed  a lo n g  th e  t h r e e -  

f o l d  a x i s  o f  sym m etry

r"\»
I , 'N . . .  I -  N -N

t o /  y .  '^ C e '
N/  }

She r e v e r s e  I s  fo u n d  In  t h e  A  [C oen^] Io n  w here  t h e  

k*k*k* c o n fo rm a tio n  i s  t h e  m ost s t a b l e .

I n  a r e c e n t  re v ie w  by S a r g e s o n t h e  u s e  o f 

Elffî s p e c tro s c o p y  and c i r c u l a r  d ic h ro is m  in  c o n fo rm a tio n a l  

a n a l y s i s  h a s  b e en  d is c u s s e d .  I f  t h e  A  [C oen^]^*  io n  

a d o p ts  t h e  k k k  c o n fo rm a tio n , t h e  t h e o r e t i c a l  c a rb o n  . 

p r o to n  sp e c tru m  sh o u ld  show t h r e e  e q u iv a le n t  s e t s  o f  

AgBg l i n e s .  I n  f a c t  o n ly  one b ro ad  l i n e  i s  o b se rv e d  

w h ich  I s  p ro b a b ly  due  t o  t h e  com plex b e in g  p a r t l y  i n  t h e  

k k k *  form  in  s o l u t i o n .  The id e a  o f  a  m ix tu re  o f  

c o n fo rm e ra  h a s  a ls o  b een  s u g g e s te d  to  a c c o u n t f o r  t h e  

p re s e n c e  o f l a r g e  p o s i t i v e  and s m a ll  n e g a t iv e  c i r c u l a r  

d ic h ro is m  b an d s a s s o c i a t e d  w ith  t h e  f i r s t  l ig a n d  f i e l d
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band  in  s o lu t io n #  However t h i s  e x p la n a t io n  i s  a t  

v a r i a n c e  w ith  t h e  f a c t  t h a t  th e  d i f f e r e n c e  b e tw een  t h e  

p o s i t i v e  and n e g a t iv e  c i r c u l a r  d ic h ro is m  b ands f o r  t h e  

A [C o (+ )p h ^ ]^ ^  io n  i s  even  l a r g e r #  T h is  io n  i s  co n ­

s t r a i n e d  t o  e x i s t  p u r e ly  in  t h e  k k k  fo rm , show ing t h a t  

t h e  A  io u  m ust g iv e  r i s e  t o  b o th  t h e  p o s i t i v e  and n e g a ­

t i v e  c i r c u l a r  d ic h ro is m  b a n d s . I f  t h e  k k k *  fo rm  

o n ly  g iv e s  r i s e  t o  a  p o s i t i v e  c u rv e  t h e  v a r i a t i o n  in  

m ag n itu d e  o f  t h e  n e g a t iv e  band c a n  b e  e x p la in e d  by 

assum ing  th e  p re s e n c e  of some k k k *  fo rm .

S im i la r ly  w ith  t h e  six -m em bered  r i n g  a n a lo g u e  

t h e  m ost s t a b l e  c o n fo rm a tio n  i s  t h e  p u c k e re d  c h a i r  form #

I n  t h i s  c a s e  t h e  h y d ro g e n s  on a d ja c e n t  a tom s a r e  l e s s  

w e l l  s t a g g e r e d  and i n t e r a c t i o n s  b e tw ee n  a x i a l  and eq u a ­

t o r i a l  h y d ro g e n s  a r e  s i g n i f i c a n t .  T h is  d e s t a b i l i s a ­

t i o n  f a c t o r  o u tw e ig h s t h e  f a c t  t h a t  t h e  H -  Co -  H oinjle is 

n o t f o r c e d  fro m  90®.

I n  p r a c t i c e  i t  i s  fo u n d  t h a t  i f  a  l ig a n d  th e o ­

r e t i c a l l y  h a s  t h e  a l t e r n a t i v e  o f  fo rm in g  e i t h e r  a  f i v e  

o r six -m em bered  r i n g ,  t h e  fiv e -m em b ered  r i n g  i s  fo rm ed . 

T h is  was shown b y  t h e  r e s o l u t i o n  o f  l , 2 ,3 » t r i a m i n o -

p r o p a n e te t r a o h lo r o p la t in u m  IV# The s m a lle r  r i n g  h a s

an asym m etric  c a rb o n  w h e reas  th e  l a r g e r  one i s  sy m m e tr ic a l,
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C l
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CEm,

— -CHg

Seven and é ig h t-m em b ered  r i n g s  a r e  v e ry  u n ­

common in  aq u eo u s s o l u t i o n ,  a l t h o u ^  t h e r e  a r e  r e p o r t s  

o f  s u e c in a to  and s u lp h o n y ld ia c e ta to  {\X^ c o m p lex es .

,0 -  C
0

Co ■ f 2
.CEg

Co

0 - c
%

CO

CO -  CH

0,

All a tte m p ts  to  r e p e a t  t h i s  work f a i l e d  due t o  th e  fo rm a­

t i o n  o f  p o ly m e ric  o i l s .  I n  n o n -aq u eo u s s o l u t i o n ,  su c h  

a s  a lc o h o l  i t  h a s  b een  p o s s i b l e  t o  i s o l a t e  c h e l a t e  r i n g s  

w ith  up t o  n in e-m em b ers . T h is  d e p o id e n c y  o f  r i n g  s i z e  

on s o lv e n t  o c c u rs  s in c e  w a te r  i s  a  s u f f i c i e n t l y  good c o ­

o r d in a t in g  a g e n t t o  p re v e n t  th e  fo rm a t io n  o f  l a r g e  u n ­

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

d ia m in e  s e r i e s  c a n  be p r e d i c te d  due t o  th e  c o m p re ss io n s  

and e c l i p s i n g  o f  t h e  h y d ro g e n s  on a d ja c e n t  r i n g  atom s 

w h ich  w ould be  in t r o d u c e d .
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9* S u b s t i t u t i o n  M echanism s In  o c ta h e d r a l  com plexes

The th e o r y  o f  t h e  m echanism s of s u b s t i t u t i o n s  

in  o c ta h e d r a l  com plexes was f i r s t  d e v e lo p e d  by  In g o ld  

a s  an  e x te n s io n  t o  t h e o r i e s  a p p ly in g  t o  a  t e t r a ­

h e d r a l  c a rb o n  a tom . The sy s te m  was l ik e n e d  t o  n u c le o -  

p h i l i c  s u b s t i t u t i o n  a t  a  s a t u r a t e d  a l i p h a t i c  c a rb o n  a tom . 

Thus th e  s u b s t i t u t i o n  c a n  b e  s t o i c h i o m e t r i c a l l y  r e p r e ­

s e n te d  a s :

M.X +  > M-Y + X*

w here  M-X r e p r e s e n t s  t h e  m e ta l com p lex , M b e in g  th e  m e ta l  

c e n t r e  and  Y" t h e  a t t a c k in g  n u c le o p h i l e .  M e c h a n is t i ­

c a l l y  t h e  s u b s t i t u t i o n s  were, d iv id e d  i n to  tw o c la s s e s ^  

t h e 'S j j l  [ s u b s t i t u t i o n  n u o le o p h i l ic  u n im o le c u la r ] and th e  

[ s u b s t i t u t i o n  n u o le o p h i l ic  b im o le c u la r ] .  I n  t h e  

fo rm e r a  s lo w  r a t e  d e te rm in in g  h e t e r o l y s i s  i s  fo llo w e d  

by  t h e  r a p id  a d d i t i o n  o f t h e  s u b s t i t u t i n g  n u c le o p h i l e .

M-X----------- ^  M* + X*

M + X " ) MX

In  t h e  l a t t e r  t h e  r e a c t i o n  t a k e s  p la c e  i n  one b im o le c u la r  

s te p  in v o lv in g  t h e  p a r t i a l  fo rm a t io n  o f  a  new m e ta l - l ig a n d  

bond sy n ch ro n o u s w ith  th e  w eaken ing  o f  t h e  bond jo in in g  

t h e  m e ta l  t o  t h e  d e p a r t in g  n u c le o p h i l e .



I n  an S^2 s u b s t i t u t i o n ,  t h e  r a t e  o f  s u b s t i ­

t u t i o n  sh o u ld  be d e p en d e n t on t h e  n u o le o p h i l ic  c h a r a c t e r  

o f  t h e  incom ing l ig a n d ^  Y*, w h ereas  i n  a n  S ^ l^ th e  r a t e  

sh o u ld  b e  in d e p e n d e n t o f  Y*.

Id e a s  o f  m echanism  c a n  b e  o b ta in e d  by s tu d y ­

in g  t h e  ch an g e  in  r a t e  by v a r y in g  t h e  s t r u c t u r e  o f  t h e  

com plex , by f o l lo w in g  th e  s te r e o c h e m ic a l  c o u r s e ,  by  i s o ­

t o p i c  l a b e l l i n g  and  by c h an g in g  t h e  s o lv e n t .

T h ese  id e a s  w ere  d e v e lo p e d  and e x te n d ed  by  

B a so lo  and P e a rs o n  (ll^  ̂ s in c e  r e a c t i o n s  o f t e n  o c c u r re d  

w hich  a p p e a re d  to  f i t  a  m echanism  in te r m e d ia te  b e tw een  

t h e  two e x tre m e s . Thus t h e  c l a s s i f i c a t i o n  was en­

l a r g e d  t o  f o u r  c l a s s e s :

a) Sjj2. The r a t e  s t e p  in v o lv e s  e q u a l  bond b re a k in g

in  M-X and bond m aking i n  M-Y*

b) Sjj2 ( l i m ) .  The r a t e  s t e p  o n ly  in v o lv e s  bond m aking

a s  i n  M-Y.

c) Sjgl ( l i m ) .  D e f i n i t e  e v id e n c e  f o r  an in te r m e d ia te

o f  re d u c e d  c o o r d in a t io n  number c a n  b e  

fo u n d .

d) 8 ^ 1 . D e f in i t e  e v id e n c e  o f  an  in te r m e d ia te  o f r e ­

duced  c o o r d in a t io n  number c a n n o t be found  b u t

re q u ir e m e n ts  f o r  a  d i s s o c i a t i v e  p ro c e s s  a r e  
o th e rw is e  f u l f i l l e d .
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R e c e n t ly ,m e c h a n is t ic  id e a s  c o n c e rn in g  t h e s e  

s u b s t i t u t i o n s  h av e  b een  w idened  i n  th e  w ork o f  L a n g fo rd  

and G ray . The c l a s s i f i c a t i o n  so  f a r  d e v e lo p e d  h a s

b e en  b a se d  on th e  m o le o u la r i ty  o f  t h e  r a t e  d e te rm in in g  

s te p  in  th e  o v e r a l l  s to i c h io m e t r y .  T h is  e m p h a s ise s  

t h e  im p o rta n c e  o f t h e  m o le o u la r i ty  w hich may n o t b e  t h e  

m ost s i g n i f i c a n t  f e a t u r e  o f  t h e  r e a c t i o n .  I n  a  b i ­

m o le c u la r  r e a c t i o n  "in s o l u t i o n ,  t h e  r e a c t i n g  m o le c u le s  

a r e  c a u g h t t o g e t h e r  in  a  s o lv e n t  c a g e  d u r in g  r a p i d  

en e rg y  t r a n s f e r .  The sy s te m  c a n n o t be  e x p e c te d  t o  

re m a in  in  t h i s  h ig h ly  a c t i v a t e d  s t a t e  f o r  more th a n  one 

e x ch a n g e . T h is  i s  c a l l e d  a  c a s e  o f  * a c c id e n ta l  b i ­

m o le c u la r  i ty *  s in c e  t h e  hew l ig a n d  h ap p en s t o  occupy
*

t h e  a p p r o p r i a te  p la c e  in  t h e  s o l v a t i o n  s h e l l  and 'm ay 

n o t  n e c e s s a r i l y  h a v e  made any c o n t r i b u t i o n  t o  th e  a c t i ­

v a t i o n  e n e rg y  o f  t h e  r e a c t i o n .  T h e r e fo r e  i t  i s  p o s s i b l e  

t o  h av e  a  m echanism  w h ich  i s  b im o le c u la r  in  th e  s t o i c h i o ­

m e tr ic  s e n s e  b u t  w hich  i s  r e l a t e d  t o  a  u n im o le c u la r  c a s e  

s in c e  t h e  in t im a te  m echanism  seem s t o  b e  more l i k e  a  

u n im o le c u la r  p r o c e s s .

The m e c h a n is t ic  scheme h a s  b een  b a se d  on th e  

ty p e  o f  s to ic h io m e t r y  w hich i s  Im p o rta n t in  l ig a n d  su b ­

s t i t u t i o n s .  T h ree  p o s s ib l e  pa thw ays c a n  b e  e n v is a g e d :
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a ) D i s s o c i a t i v e  D. The le a v in g  l ig a n d  i s  l o s t  i n  t h e

f i r s t  s te p  p ro d u c in g  an  in te r m e d ia te  o f  re d u c e d  c o ­

o r d in a t io n  num ber w hich  may be d e te c te d  by i t s  s e l e c t ­

iv e  r e a c t i v i t y #

b ) ^ A s s o c ia t iv e  A. The e n te r in g  l ig a n d  ad d s in  th e

f i r s t  s te p  fo rm in g  an  in te r m e d ia te  o f  in c r e a s e d  co ­

o rd  i n a t 1on numb e r •

e ) In te r c h a n g e  I .  The le a v in g  g roup  i s  moving from  t h e

in n e r  t o  o u te r  c o o r d in a t io n  s p h e re  a t  t h e  same t im e  a s

t h e  e n te r in g  g roup  i s  moving from  o u te r  t o  i n n e r .

T h ere  i s  no in te r m e d ia te  w here  t h e  p r im a ry  c o o r d in a ­

t i o n  number o f t h e  m e ta l  i s  m o d if ie d .

The in te r c h a n g e  p ro c e s s  i s  d iv id e d  in to  tw o su b ­

d i v i s i o n s .  A s s o c ia t iv e  I n t e r  c h a rg e ,  1^ , o c c u rs  when th e  

a c t i v a t i o n  e n e rg y  i s  m o s tly  a f f e c t e d  by th e  incom ing 

l i g a n d .  D i s s o c i a t i v e  I n te r c h a n g e ,  1 ^ , o c c u rs  when t h e  

a c t i v a t i o n  e n e rg y  i s  n o t  a f f e c t e d  by t h e  incom ing  l i g a n d .
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T h is  n o m e n c la tu re  c a n  b e  se e n  t o  c o rre sp o n d  

c l o s e l y  t o  t h e  p r e v io u s  o n e . Thus t h e  D m echanism  

c o rre s p o n d s  t o  t h e  S ^ l( l im )  and t h e  A m echanism  t o  t h e  

S jj2 ( lim ) . I n  t h e  more r e c e n t  n o m e n c la tu re  em phaàis 

h a s  b e en  moved n o t o n ly  fro m  t h e  m o lè c u la r i ty  o f  t h e  

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

a t t a c k in g  l ig a n d .  A l th o u ^  t h e  m a jo r i ty  o f  s u b s t i ­

t u t i o n s  a r e  n u o le o p h i l ic  t h e r e  i s  a lw ay s th e  p o s s i b i l i t y  

o f  b ack  d o n a tio n  o f  e l e c t r o n s  from  t h e  m e ta l ,  p ro v id e d  

t h e r e  a r e  empty o r b i t a l s  on th e  l ig a n d ,  w hich makes t h e  

e l e c t r o n i c  movement a  tw o way p r o c e s s ,

1 0 . S u b s t i t u t i o n  M echanism s in  c o b a l t  I I I  com plexes

F o r c o b a l t  I I I  com plexes in  aqueous s o l u t io n  

i t  i s  found  t h a t  f o r  a l l  a n io n s ,  o th e r  th a n  t h e  h y d ro x id e  

io n ,  t h e  s u b s t i t u t i n g  r a t e  i s  in d ep e n d en t o f t h e  s u b s t i ­

t u t i n g  n u c le o p h i le .  F o r e v e ry  sy s te m  exam ined t h e  r e ­

a c t io n  p ro c e e d s  th ro u g h  two s t e p s .  In  th e  f i r s t  s te p  

t h e  o r i g i n a l  l ig a n d  i s  r e p la c e d  by a  w a te r  m o le c u le ,  an  

a c id  h y d r o ly s i s  r e a c t i o n .  I n  th e  second  s te p  t h e  c o ­

o r d in a te d  w a te r  i s  r e p la c e d  by a  l i g a n d ,  an  a n a t io n  r e ­

a c t i o n .
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[Co(m s_)cX ]2+ + SgO --------— ) [c o (m g )g S 2 0 ]^ +  + z "

[Co(HH2)gB20]3+ + J~  ------------ ) [C o (m ^ )g T ]^ +  + EgO

In  no e a s e  h a s  an  a n io n ic  l ig a n d  b e en  r e ­

p la c e d  d i r e c t l y  by a n o th e r  w ith o u t g o in g  th ro u g h  an 

in te r m e d ia te  aquo co m p lex .

H y d ro x id e  s u b s t i t u t i o n

F o r c o b a l t  I I I  com plexes in  aqueous s o l u t io n  

i t  i s  found  t h a t  t h e  h y d r o ly s i s  r a t e  i s  a c c e l e r a t e d  

g r e a t l y  by th e  p re s e n c e  o f  h y d ro x id e  io n ,e v e n  when t h e  

io n  i s  p r e s e n t  in  low  c o n c e n t r a t i o n .  I n  i n v e s t i g a ­

t i o n s ,  o f  m o n o s u b s t i tu t io n s  w i th  h y d ro x id e  io n ,  th e  r e ­

a c t io n  i s  found  g e n e r a l ly  t o  h av e  o v e r a l l  second  o rd e r  

k i n e t i c s ,  f i r s t  o rd e r  w ith  r e s p e c t  t o  com plex and f i r s t  

o rd e r  w ith  r e s p e c t  t o  h y d ro x id e .

One m echanism , f i r s t  s u g g e s te d  by In g o ld  and 

h i s  a s s o c i â t  e s  ,^ÎH,l^^is a  b im o le c u la r  p ro c e s s  th e r e b y  t h e  

h y d ro x y l io n  d i s p l a c e s  t h e  X g ro u p . T h is  can  be  

c l a s s i f i e d  e i t h e r  a s  an  8^ 2 ( l i m ) , t h e  A p ro c e s s  o r  a s  

an  Sjj2 , t h e  I ^  p r o c e s s .



CE" + [C o(H H ^ )ç l ]^ t  > [ H O . . . C o ( H a j ) g . . . l ] +  ) [C o (m ^ )g O E ]

+ z- (1)

R a te  * k g [ oh* ] [ com plex]

A d i s t i n c t i o n  can  b e  made b e tw een  t h e  and  A p ro c e s s  by 

c o n s id e r a t i o n  o f  t h e  e n e rg y  p r o f i l e .

B ia^ram  1 4 : E nergy p r o f i l e  f o r  an  a s s o c i a t i v e  type^ o f
r e a c t i o n  o f  t h e  ty n e  OH* + MX—^H O M — ->MOH + X"

2+

jaAMSlTlOVl S-rKTt

66 AG » F re e  e n e rg y  
o f  a c t i v a ­
t i o n

The in te r m e d ia te  c a n  o n ly  be d e te c te d  i f  i t  i s  s t a b l e  

enough to  a c c u m u la te . I f  th e  c o n c e n t r a t io n  o f  e i t h e r  

o f  t h e  r e a c t a n t s  i s  in c r e a s e d ,  th e n  a  p o s i t i o n  w i l l  be 

re a c h e d  w here a l l  t h e  com plex w i l l  be c o n v e r te d  i n to  t h e  

in te r m e d ia te .  The r e a c t i o n  w i l l  now be  u n im o le c u la r^  

s in c e  th e  d e c o m p o s itio n  o f  t h e  in te r m e d ia te  w i l l  now be 

o b se rv e d . At h % h  c o n c e n t r a t io n s  d e p a r tu r e  from  second  

o rd e r  k i n e t i c s  w i l l  be  o b se rv e d  and t h e  l i m i t i n g  law  w i l l  

b e  a  f i r s t  o rd e r  p r o c e s s .  T h is  i s  d i a g n o s t i c  o f  an  A
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p r o c e s s  w here  t h e  o n ly  o th e r  p o s s i b i l i t y  i s  an I  

p r o c e s s .  F o r  t h i s  t h e r e  w i l l  b e  no a c c u m u la tio n  

o f  in te r m e d ia te  and so  no d e p a r tu r e  from  second  o rd e r  

k i n e t i c s .

A no ther m echanism , f i r s t  p ro p o se d  by G a r r ic k ,  

s u g g e s ts  a  r a p id  .d e p ro to n a t io n  o f  th e  com plex t o  form  

t h e  c o n ju g a te  b a s e ,  fo l lo w e d  by a  slow  h è t e r o l y s i s  

r e s u l t i n g  in  t h e  fo rm a t io n  o f  a  f i v e  c o o r d in a te  i n t e r ­

m e d ia te .  Vfith th e  r a p id  a d d i t i o n  o f  w a te r ,  t h e  p r o ­

d u c t  i s  th e n  fo rm ed .

[Co(m ,)gi]^+ + OH" + EgO (2)

k
[Oo(m^)^m2Ï]+ ---------— > [Co(HH2)4%H2]2+ + X" (3)

+ EgO — :— ^ [Co(m^)gOH]^+ (4)

T h is  i s  t h e  S^jlCB m echanism , a d i s s o c i a t i v e  D p r o c e s s .  

E u r th e r  i f  t h e  c o n ju g a te  b a se  r e a c t s  d i r e c t l y  w ith  

w a te r ,  th e n  an S^2 CB m echanism  r e s u l t s .

[C o (m ^ )^ m 2 X ]+  + HgO --------- } [Co(MH3)50H]2+ + I -

A second  o rd e r  k i n e t i c  form  c a n  a l s o  a r i s e  fro m  a  c o n ­

ju g a te  b a s e  m echanism .
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From (3 )

R a te  •  k  [ c o n ju g a te  b a s e ]

Prom ( 2 )

[C o n ju g a te  b a s e ]  « K [C o n ju g a te  a c id ]  [OH*]

A lso , [ T o ta l  com plex ] -  [C o n ju g a te  a c id ]  + [C o n ju g a te  b a s e

[C o n ju g a te  b a s e ]  •  K [O H *][T o ta l com plex -  c o n ju g a te
b a s e ]

K [0 H * ][T o ta l com plex]

1 + k[OH*]

T h e re fo r e ,
R a te  -  ^  K [O H "][T o ta l com plex]

1 + K[OH*]

m e n  E [OH*] <  1 , ‘

R a te  -  k  K [OH*] [Com plex]

The e x p e c te d  f i r s t  o rd e r  k i n e t i c s  w ith  r e s p e c t  t o  h y d r ­

o x id e  a r e  o b ta in e d .  H ow ever, when th e  h y d ro x id e  co n ­

c e n t r a t i o n  i s  p u t up s o  t h a t  K [OH*] ^  1

R a te  » k  [Com plex]

A ll  t h e  com plex i s  in  t h e  fo rm  o f  t h e  c o n ju g a te  b a s e  and 

a  f i r s t  o rd e r  l i m i t i n g  law  i s  o b ta in e d .

In  aqueous s o l u t i o n  s o lv e n t  p a r t i c i p a t i o n  i s  

an i n t e g r a l  p a r t  o f any  s u b s t i t u t i o n  r e a c t i o n  due  t o  

i t s  good c o o r d in a t in g  a b i l i t y .

E x p e rim e n ts  by Tobe(i?>‘̂ ] c a r r ie d  o u t i n  non
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aqueous s o lv e n ts  h a v e  e lu c id a te d  t h e  m e c h a n is t ic  id e a s  

o f  s o lv e n t  p a r t i c i p a t i o n  in  t h e  r e a c t i o n .  I t  w as hoped  

t h a t  by u s in g  non aqueous s o l v e n t s , p a r t i c i p a t i o n  o f  t h e  

s o lv e n t  in  t h e  s u b s t i t u t i o n  w ould  b e  e r a d i c a t e d .  The 

s u b s t i t u t i o n  was fo u n d  t o  b e  d e p e n d e n t on th e  fo rm a t io n  

o f  o u te r  s p h e re  co m p lex e s . In  o rd e r  t o  f i n d  t h e  

m o le o u la r i ty  o f  t h e  r e a c t i o n  th e  c o n c e n t r a t i o n  o f  t h e  

e n te r in g  a n io n  m ust be su ch  t h a t  t h e  r e a c t i o n  o f  t h e  

f r e e  io n  c a n  be  m easu red . P ro v id in g  th e  e n te r in g  

a n io n  i s  i n  s u f f i c i e n t l y  low  q u a n t i t i e s  so t h a t  o n ly  

t h e  f r e e  com plex and a  1 :1  o u te r  s p h e re  com plex i s  

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

c u l a r  i t y  d e te r m in a t io n s .  I f  t h e r e  i s  a  pa thw ay  d e ­

p e n d a n t Otv t h e  e n te r in g  g ro u p , t h e  r e a c t i o n  i s  b im o le -  

c u la r ^ b u t  i f .  an  in d e p e n d e n t pathw ay i s  found  th e  r e ­

a c t io n  may be u n im o le c u la r .  . The same a m b l ^ i t y  c o n ­

c e rn in g  u n im o le c u la r  i t y  a r i s e s  in  non aqueous a s  i n  

aqueous s o l v e n t s .  P o r  th e  exchange r e a c t i o n  o f  t h e  

d ic h lo r o b is e th y le n e d ia m in e  c o b a l t  H I  io n  In  m e th a n o l, 

a  te rm  in  t h e  r a t e  law  i s  found  in v o lv in g  o n ly  t h e  

f r e e  io n .  S in c e  t h e  l a b i l i t y  o f  t h e  m eth an o l i s  

i n s u f f i c i e n t  t o  a l lo w  t h e  com plex  t o  b e  a n  in te rm e d i­

a t e  in  th e  s u b s t i t u t i o n ,  a  g e n u in e  u n im o le c u la r  r e ­

a c t io n  i s  b e in g  fo l lo w e d .
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1 1 . E x p e rim e n ta l M e c h a n is t ic  E v id en ce
.  *

'  . .

C le a r ly  t h e  m echanism s c a n n o t be  d i s t i n g u i s h e d  

by k i n e t i c  m easu rem en ts a lo n e .

ip o r  iw aine com plexes c o n ta in in g  N -  H b o n d s ,
ÉT

t h e  r a t e  o f  b a s e  h y d r o ly s i s  i s  o f t e n  a s  much a s  10 

t im e s  f a s t e r  (lb) th a n  t h e  h y d r o ly s i s  in  a c i d .  T h is  

s u p p o r ts  ^  S^lCB m echanism  s i n c e ,  when t h e r e  a r e  no 

a c i d i c  p ro to n s  p r e s e n t ,  t h e  r a t e  o f  b a s e  h y d r o ly s i s  i s  

v e ry  s lo w . The b a s e  h y d r o ly s i s  r a t e  f o r  t h e  t r a n s  

d i n i t r o  2 2 V b i s b i p y r id i n e c o b a l t  I I I  io n  i s  in d e p e n d e n t 

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

F u r th e r  e v id e n c e  f o r  t h e  B^ICB m echanism  i s  

fo und  from  t h e  f a c t  t h a t  in  g e n e r a l  t h e  r a t e  o f h y d ro g en  

exchange  (lb) i s  fo und  t o  be  ab o u t 10^ t im e s  f a s t e r  th a n  

t h e  r a t e  o f  h y d r o ly s i s  s u p p o r t in g  a  r a p id  d e p ro to n a ­

t i o n  e q u i l ib r iu m .

How ever, w ork done on ih e  exchange  in  hexammino- 

c o b a l t  I I I  and o x a la to te tr a m m in o c o b a l t  H I  io n s  d o es  n o t 

s u p p o r t  t h i s  c o n c lu s io n ,  ( l l )  The l o s s  o f  d e u te r iu m  

from  [Co(HD^)g]^"*’ and was s tu d ie d

and found  t o  b e  s p e c i f i c a l l y  c a ta ly s e d  by  h y d ro x id e  io n .
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I n  g e n e r a l ,

XHDgD '̂^ + OH" - ,h  \ ZB D ^(B -l)+  + OHD ( 5 )

k . l

X -  [C o (1 0 ) ,) j ] ,  n  -  3

.  [CofEDjigtCgO^)], n .  1

k _2  s in c e  t h e  r e a c t i o n  i s  f i r s t  o rd e r  w ith  r e s p e c t  

t o  h y d ro x id e  io n .  The r e v e r s a l  o f e q u a t io n  (5 )  c a n  

in v o lv e  n o t o n ly  OHD h u t  a l s o  OHH,and s in c e  [OHH] ^  [ OHD] ,  

t h e  e q u a t io n  c an n o t h e  a  p r e e q u i l ih r iu m  b u t  m ust b e  t h e  

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

When th e  r e a c t i o n  i s  c a r r i e d  o u t in  d ry  d im e th y l  

s u lp h o x id e ,  ( n i )  t h e r e  i s  good e v id e n c e  f o r  a  f i v e  c o o r d i ­

n a t e  in te r m e d ia te  s p e c i e s .  F o r  th e  r e a c t i o n  o f  t h e  

t y p e

t r a n s  [CoengNOgCl]* + Y *-----------  ̂ t r a n s  [CoengHOgY]* + 01

Y* -  HOg*, OHS",

o n ly  c a t a l y t i c  am ounts of h y d ro x id e  a r e  needed  t o  c a u s e  

a  r a p i d  r e a c t i o n .  F o r a  g iv e n  c o n c e n t r a t io n  o f  

h y d ro x id e , th e  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  co n ce n ­

t r a t i o n  o f t h e  n u c le o p h i le  i n  t h e  sy s te m . A lso  t h e
;

r e a c t i o n  b e tw een  t r a n s  [CoengHOgOH-J'^ and Y* i s  s lo w .

T h is  s u g g e s ts  t h a t  a l l  t h r e e  r e a c t i o n s  go th ro u g h  th e
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common in te r m e d ia te  [C oen(en-H )K 0 2 ] ^ .

However t h e  e x t r a p o la t i o n  o f  t h i s  e v id e n c e  t o  

aqueous s o l u t i o n s  i s  q u e s t io n a b le .

A lthough, t h e  c o n ju g a te  b a s e  may b e  s u f f i c i e n t l y  

lo n g  l i v e d  in  non -h y d ro x y  l i e  s o l v e n t s ,  i t  h a s  b e en  

s u g g e s te d  ( 2)4] t h a t  i n  w a te r  ̂ p ro to n  t r a n s f e r  fro m  th e  

s o l v a t i o n  s p h e re  w ould ta k e  p la c e  s u f f i c i e n t l y  r a p i d l y  

t o  p re v e n t  d i s s o c i a t i o n , s i n c e  th e  p r o to n  c an  move v i a  

t h e  G x o tth u ss  p r o c e s s  w ith o u t  d i s p l a c in g  a  w a te r  m ole­

c u l e .
IQ

Oxygen s t u d i e s  on th e  h a lo p e n t  ammine- 

c o b a l t  H I  io n s ,  [Co(HH^) a ls o  s u p p o r t  t h e  S^lCB

m echanism  f o r  c h l o r i n e ,  b rom ine  and io d in e  and t h e
« / \ foVLul

Sjj2CB m echanism  f o r  f l u o r i n e .  ( " ] l ) I t  w a s^ th a t th e  f i n a l

oIÔ jqIB r a t i o  in  th e  p ro d u c t was in d e p e n d e n t o f  Z .

I f  an Sjj2 o r  8^ 2CB m echanism  o c c u r s ,  t h e  c o m p o s itio n

o f  t h e  r e s p e c t iv e  in te r m e d ia te s  w i l l  c a u se  t h e  i s o -

t o p i c  f r a c t i o n  t o  v a r y .

( % ) 4

Z . , .C o . . .Q H  Z , , , C o . . . 0H2

( 1133)5 («Hg)

Sh2 Sj,2 CB

w here Z ■ F
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O nly In  th é  c a s e  o f  f l u o r i n e  was t h i s  fo u n d .

S tu d ie s  on t h e  a c id  h y d r o ly s i s  ( l3 )  o f  

[ C o ( H H ^ ) ^ N ^ s u g g e s t e d  t h a t  t h e  fo rm a t io n  o f  a  

f i v e  c o o r d in a te  in te r m e d ia te  [Co(KH^)^]^'*’ a c c o u n te d  

f o r  b o th  -th e  fo rm a t io n  o f  some [ C o ( l 3 H ^ ) w h e r e  

X* » C l" ,  B r* , BO^*, SClî*^ and th e  in c r e a s e  in  r a t e  

in  t h e  p re s e n c e  o f X*. H o w e v e r ^ s t u d i e s o n  t h e  

ch an g e  in  m o la r a b s o rb e n c ie s  a s  t h e  r e a c t i o n  p ro c e e d s  

showed t h a t  no c o m p e t i t io n  r e a c t i o n  to o k  p l a c e ,  th e  

fo rm a t io n  o f  [Co(BH^)^X]^"*" b e in g  due t o  t h e  r a p i d  

a n a t io n  o f  t h e  aquo co m p lex . The in te r m e d ia te  

[Co(BH^)^]^"’’ i s  l e s s  s t a b l e  th a n  th e  in te r m e d ia te  

[Co(KÏÏ^)^(HH2 ) f or med d u r in g  t h e  b a s e  h y d r o l y s i s .  

E v id en ce  f o r  t h e  c o n ju g a te  b a s e  in te r m e d ia te  h a s  b e e n  

o b ta in e d  from  c o m p e t i t io n  s t u d i e s .

E x p e rim e n ts  (si) c a r r i e d  o u t on th e  s u b s t i t u t e d  

c o b a ltp e n ta m m in e s , [Co(M ^)^X]^"*’ vftiere X* « C l" ,  B r* , 

I * ,  NOg*, i n  t h e  p r e s e n c e  o f  added  a n io n s ,  Y* •  

s e n " ,  CHjCOO", 3 0 ^ ^ " , PO^^" was f o m d  t o  l e a d  t o  t h e  - 

fo rm a t io n  o f some [ 0 0 ( 1̂ 3 ) ^ y ]2 +  ̂ r a t i o  o f  t h e

two Io n s  [0 0 ( 1133) »[ 0 0 ( ^ 33 ) was fo u n d  t o  b e

in d e p e n d e n t o f  t h e  h y d ro x id e  c o n c e n t r a t io n  and depend­

e n t on t h e  c o n c e n t r a t io n  o f  Y*. T h is  r e s u l t  s u g g e s ts
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an  S jjl CB m echanism  and n o t  an  8^2 ô r 8^2 CB m echanism  

w here  t h e r e  sh o u ld  he  some dependency  on th e  le a v in g  

g ro u p  X*.

[C o(m ^)gO H ] 2+

Sj[i CB
X

[ C o ( m ^ ) ^ m 2 x r

V  CB

[Co(HH,)-HH2X ]‘*' + X"

The 8^2 m echanism  l e a d s  e x c lu s iv e ly  t o  th e  hydroxo 

p ro d u c t*

The f a s t  8^1 CB m echanism  can  h e  a s c r ib e d  (n o )  

t o  r e p u l s i v e  "IT ty p e  i n t e r a c t i o n  b e tw een  th e  f i l l e d  

p o r b i t a l s  o f th e  n i t r o g e n  in  th e  am ido g ro u p  and t h e  

f i l l e d  d jy  ty p e  o r b i t a l s  on th e  m e ta l atom . T h is  r e ­

p u l s io n  p r o v id e s  t h e  d r iv in g  f o r c e  f o r ,  s a y  t h e  l o s s  o f  

c h lo r i d e  i n  th e  c i s  and t r a n s  [CoengClp]**

More r e c e n t l y  quantum  m e c h a n ic a l a rg u m en ts
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h a v e  b e e n  s u g g e s te d  (3Ç) In  e v id e n c e  f o r  an 8^2 m echanism , 

T h is  w ork h a s  b een  c a r r i e d  o u t on t h e  c i s  and t r a n s  . 

[Coen20l 2 l*  io n s .  I t  i s  fo und  t h a t  t h e  t r a n s  com plex  

r e a c t s  f a s t e r  th a n  t h e  c i s .  l 'o r  th e  c o n ju g a te  b a s e  

in te r m e d ia te  t h e r e  w ould  b e  i n t e r a c t i o n  b e tw een  t h e  

f i l l e d  p o r b i t a l s  o f  t h e  n i t r o g e n  on t h e  amido g roup  

and th e  f i l l e d  d o r b i t a l  on th e  m e ta l  io n .

CIS

T h is  w ould p ro v id e  t h e  d r iv in g  f o r c e  f o r  t h e  d e p a r t in g  

c h lo r id e  and i t  would b e  e x p e c te d  t h a t  t h e  t r a n s  com­

pound w ould  r e a c t  more s lo w ly  t h a n  th e  c i s  a s  t h e  IT  

ty p e  o f  i n t e r a c t i o n  c an n o t be  d e v e lo p e d  and t r a n s m i t t e d  

i n  t h e  fo rm e r .  T h e re fo re  t h e  d r i v i r g  f o r c e  h a s  1b en  

p o s t u l a t e d  t o  o r i g i n a t e  from  th e  tw o f i l l e d  non 0" bonded 

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

R a te s  o f  h y d ro x id e  s u b s t i t u t i o n  w ere  m easured  

i n  t h e  s e r i e s  [Co(BH^)^X]^'*‘ w here  X* * C l" ,  B r* f I
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and i t  w as fo u n d  t h a t  t h e  o rd e r  o f  t h e  r a t e s  was 

C l* Br* ^  i*  w h ich  i s  th e  same o rd e r  a s  i s  

fo u n d  in  s u b s t i t u t i o n  a t  a  s a t u r a t e d  a l i p h a t i c  c a rb o n  

a tom . As t h e  s u b s t i t u t i o n  in  t h e s e  c a rb o n  sy s te m s  

i s  th o u g h t  to  .go by an  8^2 p r o c e s s ,  t h e  c o b a l t  s u b s t i ­

t u t i o n  w as th o u g h t t o  go by  a  s i m i l a r  p r o c e s s .

1 2 . The 9jj2 io n  p a i r  m echanism

An Sjj2 io n  p a i r  m echanism  h a s  a l s o  b e en  

s u g g e s te d  f o r  t h e  h y d r o ly s i s  o f t h e  [Co(K H ^)^Cl]

io n ,  t h e  [C o(N B _)engC l]^* io n  and f o r  t h e
Cl  ̂ ^

[C o (K S ^ )trien ^ ^ '^  io n .

[00(^3)501]^+ + OH- ([Co(m3)gCl]^+ 0H-)

{[C o(H H ,)cCi ] 2* QH-) -  ) ([Co[HE ) QH]2+C1-)
^ ^ slow  ^

([C o(E H ,)_0H ]2+  C 1-)  - 4  [Co(Ba,)_Q H ]2+ + C l"

from  w hich  th e  f o l lo w in g  r a t e  law  was c a l c u l a t e d ,  assum -
.

in g  t h e  h y d ro x id e  was i n  l a r g e  e x c e s s ;

* 1
K k  t ® ’ ]
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The s ta n d a rd  r a t e  p l o t  o f  a g a in s t  h y d ro x id e  showed

a  d e p a r tu r e  from  l i n e a r i t y  a t  v e ry  low  b a se  c o n c e n tr a ­

t i o n s  ( 0 *03M ), The p l o t  o f  t h e  r e c i p r o c a l  o f  t h e  ob­

s e rv e d  r a t e  c o n s ta n t  a g a in s t  t h e  r e c i p r o c a l  o f t h e  

h y d ro x id e  c o n c e n t r a t io n  g av e  a  s t r a i g h t  l i n e  and t h i s  

was u n d e rs to o d  a s  b e in g  d i a g n o s t i c  o f  io n  p a i r  fo rm a tio n *  

The r a t e  law  w ould a ls o  f i t  a  d i s s o c i a t i v e  p r o c e s s ,  t h e  

v a lu e  o f  ^  b e in g  th e  a c id  d i s s o c i a t i o n  c o n s ta n t .  The 

v a lu e  o f  K was found  t o  d e c re a s e  a lo n g  t h e  s e r i e s  

(K H ^)(en )2 f and ( K H ^ ) ( t r ie n ) .  I t  was s u g g e s te d  t h a t  

t h i s  s u p p o r ts  an  io n  p a i r  m echanism  s i n c e  t h e  in c r e a s e  

i n  t h e  s i z e  o f  t h e  m o le c u le  w i l l  d e c re a s e  I t h e  p o s s i b i ­

l i t y  o f  io n  p a i r  f o r m a t io n .  Prom e x a m in a tio n  o f  m ole­

c u l a r  m odels i t  becom es a p p a re n t  t h a t  t h e  in c r e a s e  in  

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

r e a c t i o n  s i t e ,  t h e  r e g io n  o f  t h e  Co -  C l b o n d , t o  t h e  

h y d ro x id e ,  w here  t h e  a c t u a l  exchange  m ust t a k e  p l a c e .

The c i t a t i o n  o f th e  io n  p a i r  fo rm a t io n  c o n s ta n t s  o f  t h e  

[C oen^]^*  b e in g  s m a l le r  t h a n  t h o s e  f o r  t h e  [C o(H H ^)g]^”** 

conqplex a r e  o f  l i t t l e  r e l e v a n c e , s in c e  th e y  b o th  h av e  

h ig h e r  c h a rg e  and  no one dom inan t r e a c t i o n  s i t e  f o r  

t h e  fo rm a t io n  o f  t h e  io n  p a i r .  T h e re fo re  f o r  a n  io n

p a i r  m echanism  t h e  K v a lu e s  sh o u ld  n o t v a r y  s i g n i f i c a n t l y *

I t  was a l s o  a rg u e d  t h a t  a  c o n ju g a te  b a se



I k

m echanism  w ould r e q u i r e  t h e  r e v e r s e  o rd e r  o f c h a rg e  in  

t h e  v a lu e  o f  K, th e  a c id  i o n i s a t i o n  c o n s ta n t*  T h ese  

w ould  be e x p e c te d  t o  i n c r e a s e  w i th  in c r e a s e  i n  c h e la t io n *  

The e v id e n c e  f o r  t h i s  h y p o th e s is  i s  from  p la t in u m  IV com­

p le x e s ,w h e re  t h e  c o n s ta n t s  a r e  m e a su ra b le , and a l s o  fro m  

t h e  r a t e  o f  d e u te r iu m  exchange g r e a t e r  f o r  t h e  

[C oen^]^*  com plex t h a n  f o r  t h e  [Co(M^)^^]^'*‘* T h ere  

i s  no d i r e c t  'e v id e n c e  f o r  th e  a c i d i t y  c o n s t  a r t  f o r  t h e

pentam m ine s e r i e s ,  a lth o u g h  i t  i s  g e n e r a l l y  a c c e p te d
TA

t h a t  t h e  v a lu e  can n o t be  g r e a t e r  t h a n  10* .

f h e  p r e s e n c e  o f  an  ammonia g ro u p  in  each  o f  t h e  t h r e e  

com plexes c i s  t o  t h e  r e a c t i o n  c e n t r e  ' m ight be  ex ­

p e c te d  t o  g o v e rn  th e  b a se  f o r m a t io n  and so  t h e  v a lu e s  

o f  E w ould a g a in  be  e x p e c te d  t o  b e  a p p ro x im a te ly  c o n s ta n t*  

The a c t u a l  v a lu e  o f  t h e  o b se rv e d  r a t e  c o n s t a n t s  in c r e a s e s  

m ark ed ly  a lo n g  th e  s e r i e s  (H H ^)(en )2 # (K H ^ ) ( t r ie n )

The v a lu e s  o f  K c o u ld  be c o n s id e re d  t o  rem a in  

a p p ro x im a te ly  c o n s ta n t  (4*1  t o  2 # l ) ,  t h e  sm a ll  v a r i a ­

t i o n s  b e in g  due t o  t h e  d i f f e r e n c e  i n  th e  l ig a n d s  a l t e r ­

in g  t h e  e n v iro n m en t and "f i  n o t  a l t e r i n g  any fu n d a m e n ta l 

c o n c e p t o f  t h e  c o u rs e  o f  th e  r e a c t i o n .  This d o es 

n o t  h e lp  d i s t i n g u i s h  b e tw een  t h e  tw o m echanism s b e in g  

c o n s id e r e d .

A f u r t h e r  p o s s i b i l i t y  in  c o n s id e r in g  io n  p a i r
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f o rm a t io n  i s  t h e  r o l e  o f  t h e  non c o o r d in a t in g  p e r c h l o r a t e  

io n  w h ich  i s  p r e s e n t  i n  o rd e r  t o  m a in ta in  t h e  io n ic  

s t r e n g th  c o n s t a n t .  I t  h a s  b e e n -s u g g e s te d  by  W in s te in  

t h a t  t h e  le a v in g  g roup  in  t h e  io n  p a i r  i s  r e p la c e d  by 

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

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

due to . t h e  p e r c h l o r a t e .

CIO:
[ ( m ^ ) g C o .C l ] ^ + ^ = ^  4  (H K 2)gC o3+ ...C 104-

+ C l”

OH”

[(HH3)5Co(0H )]2+

I f  t h i s  t h e o r y  and th e  r e a c t i o n  m echanism  p ro p o se d  by 

Chan a r e  b o th  v a l i d ,  a  r e t a r d a t i o n  sh o u ld  be fo u n d , 

r e l a t i v e  to  t h e  r a t e  in  th e  p re s e n c e  o f  p e r c h l o r a t e ,  by  

c a r r y in g  t h e  r e a c t i o n  o u t in  t h e  p re s e n c e  o f  o th e r  

a n io n s ,  e ^ g . c h lo r i d e  o r  b ro m id e , t h e s e  b e in g  n e c e s ­

s a r y  t o  keep  t h e  io n ic  s t r e n g t h  c o n s t a n t .  f u r th e rm o re  

t h e s e  r a t e s  sh o u ld  b e  t h e  sam e.

T h roughou t t h e  w ork by Chan t h e r e  i s  no m en tio n  

o f  t h e  com plex c o n c e n t r a t i o n .  The a ssu m p tio n  t h a t  in  

0*03M h y d ro x id e  t h e  h y d ro x id e  i s  p r e s e n t  i n  l a r g e  e x c e s s  

i s  n o n - v e r i f i a b l e .  T h is  i s  a n  e s s e n t i a l  a ssu m p tio n

t o  t h e  p r o d u c t io n  o f  t h e  r a t e  law .
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f u r t h e r , t h e r e  i s  a lw ays t h e  p o s s i b i l i t y  t h a t  

a  c o n s e c u t iv e  r e a c t i o n  i s  g o in g  o n , r e s u l t i n g  i n  t h e  

fo rm a t io n  o f  ammonia and  c o b a l t  H I  h y d ro x id e .

[Co(NH3 ) g C i] 2+ + 30H ' ---------- ) C o ( 0H)3  + 5HH3 + C l"

T h is  h a s  b e e n  found  in  o th e r  b a s e  h y d r o ly s i s  o f  t h e  

c o b a l tp e n t a m in e s ,  n o ta b ly  t h e  [Co(HH^)

1 3 • The E le c t r o n  T r a n s f e r  M echanism

I n  a  r e c e n t  p a p e r ( t '^ b y  G i l l a r d  a l l  -fâie e v i ­

d e n ce  in  s u p p o r t  o f  an  e l e c t r o n  t r a n s f e r  m echanism  h a s  

b e e n  a s se m b le d . He s u g g e s ts  t h a t  t h e  r a t e  d e te rm in in g  

s te p  i n  th e  r e a c t i o n  i s  th e  fo r m a t io n  o f  a  c o b a l t  H

in te r m e d ia te  w i th  a  h y d ro x y l r a d i c a l .
* 1

1̂ 3 ) 500^ % ]  o h ]  +

2 II H a te  d e te rm in in g

[ ( ^ 3 ) 300^^0 3 -] + Z " ^ = ; ^ ( m 3 )gCo^^ZjOHj +

[ ( m 3 ) g C o ™ 0 H ] ^ +  [ ( N H 3 ) ^ C o ^ X ] 0 H . ]  ++IIH 3 C o ^ + 5 N H 3 + 0 H . * X
^ /I

6

[(UH3)^CoX0H]'*'
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The m echanism  i s  d e p e n d e n t on t h e  i n i t i a l  fo rm a t io n  o f  

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

t o  be h in d e re d  by t h e  p re s e n c e  o f s o l v e n t ,

R e a c t io n s  5 and 6 a r e  fo u n d  n o t  t o  t a k e  p l a c e ,  

th e 'p re d o m in a n t  p a th  b e in g  3 and. 4 , w h i l s t  som etim es p a th  

7 h a s  b een  shown t o  e x i s t .

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

w ould n o t be e x p e c te d  to  e x i s t  f r e e l y  in  s o l u t i o n ,  o n ly  

in  c a s e s  w here r e a c t i o n  7 i s  known to  t a k e  p l a c e .  % ien 

ammonia i s  l i b e r a t e d ,  su ch  a s  d u r in g  th e  h y d r o ly s i s  o f  

t h e  b e n zo a to p e n ta m m in e c o b a lt I I I , f r e e  r a d i c a l s  w ould 

be  e x p e c te d . I t  m igh t b e  p o s s ib l e  t o  c o n firm  t h e  

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

The p re s e n c e  o f  r a d i c a l s  h a s  b e en  lo o k e d  f o r  i n  many 

r e a c t i o n s  o f  t h i s  ty p e  and n o t  b een  fo u n d . (.11̂  T h is  

d o e s  n o t n e c e s s a r i l y  mean r a d i c a l s  a r e  a b se n t s in c e  

i f  th e y  w ere  v e ry  s h o r t - l i v e d  and in  low  c o n c e n t r a t io n  

th e y  w ould be  u n d e te c ta b le  by e l e c t r o n  s p in  r e s o n a n c e .

The r a t e  d e te rm in g  s t e p  in v o lv e s  e l e c t r o n  

t r a n s f e r  from  th e  h y d ro x y l io n  t o  th e  c o b a l t ,  t h e  e a se  

o f  t r a n s f e r  d e p en d in g  on th e  e a s e  o f  r e d u c t io n  o f  t h e  

C o ( l l l )  t o  c o b a l t ( H ) . The e l e c t r o n  a f f i n i t i e s  f o r  

Or ( I I I ) ,  Co(nx), E u ( I I I )  and  E h (IIX ) a r e  g iv e n  on p ag e



C o(I I I )  h a v in g  th e  h ig h e s t  v a lu e  w ould h e  e x p e c te d  t o  

r e a c t  f a s t e s t  w hich  i s  if i ie e d  Tdiat i s  fo u n d . H ow ever, 

i t  i s  a l s o  found  t h a t  R u ( l l l )  r e a c t s  c o n s id e r a b ly  f a s t e r  

th a n  R h ( I I l )  w hich  i s  u n e x p e c te d  from  th e  v a lu e s  o f  

e l e c t r o n  a f f i n i t y .  See p a g e  4] ^

14. Stereochem ical change accompany in? su b stitu tio n s

S te re o c h e m ic a l  ohai5g es  a r e  o f te n  o b se rv e d  

d u r in g  s u b s t i t u t i o n  r e a c t i o n s ,  I ta o e m is a t io n ,  i s o m é r is a ­

t i o n ,  r e t e n t i o n  and in v e r s io n  h a v e  a l l  b een  o b se rv e d . 

Exam ples o f t h e s e  a r e  g iv e n  in  T a b le  3 (p a g e  S\ ) .

I t  c a n  be  seen  t h a t  in  b a s i c  sub  s t  i t u t  io n , r e a r  rangem en t 

a lw ays o c c u r s ,  u n l ik e  a q u a t io n  w here  r e t e n t i o n  i s  f a i r l y  

common. The a n a l y s i s  o f  t h e  p r o d u c ts  i s  c o m p lic a te d  

s in c e  t h e  p ro d u c ts  th e m s e lv e s  may U ndergo r a c é m is a t io n  

and i s o m é r i s a t i o n .  How ever, i f  t h e  r a t i o  o f  t h e  i s o ­

m eric  p ro d u c ts  d o es n o t  ch an g e  d u r in g  th e  c o u rs e  o f  t h e  

r e a c t i o n ,  t h e  r a t i o  o b se rv e d  i s  a  d i r e c t  c o n seq u en ce  o f  

t h e  s u b s t i t u t i o n .

T h ese  r e s u l t s  can be a n a ly s e d  u s in g  e i t h e r  an  

d i s s o c i a t i v e  m echanism  or an  S^2 a s s o c i a t i v e  m echa­

n ism .



TABLE 3

S ter le  course of some su b s t itu t io n  r e a c t io n s . (^\~\^

# c is  -product
R e a c ta n t Rea^rent P ro d u c t A + h A A .
c i s [C 0 engROgCl]* HgO,

HCIO4
[C oea2B02B2 0 ]2+ 100

t r a n s [C o e n 2R02^^
ECIO4

[OoengHOjHgO]^'^ -

t r a n s [C o e n 2RCSBr ]*̂ HgO [Coen2 ( a 20 )BC8 ) ] 2+ 45

o is [C o e n 2 (R02 )G l]* OH* [C oen2 (N02 )QK]+ 66

transE C oengC R O gïC l]* OH* [Coen2 (N02 )QH]* 6

o l 8 [Coen2 (BH3 ) C l ] 2+ OH* [Coan2 (BH3 )QB]2+ 84

traasC C oen jC  KH3 ) Cl [Coen2 (NH3 ) 0H ]2+ 76

A c i s [ C o e n 2 ( 0H )C l]* OH* [ 0 0 . 112( 02 ) 2 ]* 61 36

t r a n s [C o e n 2 ( 0H )C l]''’ OH* [0 0 . 112( 03 ) 2 ]* 94

V V oisfC oen^G lg]* OH* [O o .3201 ( 03 ) ]+ 21 16

t r a n s [ Coen2C l2 OH* [ 0oen20l ( 0H ) ]+ 5
A c is [ C o e n 2 (RCS)Cl]-*‘ OH* [0oeii2 (H0S)0H]+ 56 24

t r a n s  [ CoengCRCS) C l ]'*' OH* [0oen2(H0 S)0H]+ 76

t r  ans [CoengClBr ] OH* [O o .0 2 0 1 (0 3 )]+ 5



Sjj2 mebhanism

T h is  m echanism  l e a d s  t o  th e  p r o d u c t io n  o f  a  

se v e n  c o o r d in a te  in te r m e d ia te  w h ich  c a n  b e  v i s u a l i s e d  

a s  a  p e n ta g o n a l  b ip y ra m id . The s t e r ^ h e m i s t r y  w i l l  

b e  d e te rm in e d  by th e  i n i t i a l  d i r e c t i o n  o f th e  a t t a c k  

o f  t h e  e n t e r i i ^  g ro u p . The a t t a c k in g  g ro u p , ï^ c a n  

e i t h e r  a t t a c k  a d ja c e n t  t o  t h e  d e p a r t in g  g ro u p , c i s  

a t t a c k ^ o r  o p p o s i te  t o  th e  d é p a r t i r ^  g ro u p , t r a n s  a t ta c k #  

The e f f e c t  o f  t h i s  on an  o p t i c a l l y  a c t i v e  isom er i s  

shown in  F ig u re  2 . A c i s  a t t a c k  l e a d s  t o  r e t e n t i o n  

o f  c o n f ig u r a t io n  w h ereas d u r in g  a  t r a n s  a t t a c k  r e ­

a rra n g e m e n ts  a r e  p o s s i b l e .  I f  th e  a t t a c k  by Y t a k e s  

p la c e  a t  a  t r a n s  ed g e , th e n  t h e  g roup  a l r e a d y  a t  t h a t  

p o s i t i o n ,  A, m is t  s h i f t  t o  t h e  p o s i t i o n  b e in g  v a c a te d  

by th e  le a v in g  g roup  Y.
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T h is  p r o c e s s ,  i m p l i c i t  in  an  3^2 r e a c t io n ^ w a s  c a l l e d  

•e d g e  d isp la c e m e n t*  hy  Brown, In g o ld  and Nyholm* (il)

The s te re o c h a n g e  i s  n o t a f f e c t e d  by  t h e  p o s i t i o n s  o f  

X, A and % b u t  o n ly  bij t h e  p o s i t i o n  o f  some u n a f f e c te d  

group* The p o s i t i o n  o f  % and  Y r e l a t i v e  t o  t h i s  

g roup  d e te rm in e s  w h e th e r  t h e  compound i s  c a l l e d  d o r 

1 , c i s  o r  t r a n s .  T h e re  i s  no fu n d a m e n ta l d i f f e r e n c e  

be tw een  th e  c o n v e r s io n s  d f = ^  1 , c i s  t r a n s .

C o n s id e r in g  t h e  u n a f f e c te d  g roup  B, th e n

a) I f  B i s  a t  1 .  d —  .  ̂ 1 ( i f  compound o p t i c a l l y  a c t i v e

a s  in  [C oeng^^^)

b) B i s  a t  2 .  t r a n s  --------- > c i s .

c ) B i s  a t  3* c i s   ------ —  ̂ t r a n s .

d) B i s  a t  4 .  d \------  ̂ 1 .

Bdge d is p la c e m e n t c a n  a l s o  e x p la in  l a c k  o f  s te r e o c h a n g e ,  

s in c e  i f  t h e  g ro u p s a t  1 and 4 c a n  b e  s u p e rp o se d  by 

r o t a t i o n  th e n  t h e r e  w ^ l  b e  no s te r e o c h a n g e .

The r e l a t i v e  r a t e s  o f  s u b s t i t u t i o n  in  th e  r e ­

a c t io n

[CoengAK] ■ + OH- -— > [CoengAQHj^ + %-

w here  X -  C l” , B r“ .

A -  OH", H ," ,  HCS", C l" ,  HOg", KH3 .



h a v e  b e e n * r a t io n a l i s e d  (fcS) by  c o n s id e r in g  th e  i n d u c t iv e ,  

e le c t r o m e r io  and c o n ju g a t iv e  e f f e c t s  o f  t h e  n o n - l a b i l e  

o r i e n t a t i n g  g ro u p  A. Thus t h e  s t r o n g  e l e c t r o n  w i th ­

d raw in g  p r o p e r t i e s  o f  th e  KOg" and r e s u l t  in  a  s lo w  

c i s  s u b s t i t u t i o n  w i th  r e t e n t i o n  o f  c o n f i g u r a t i o n .  The 

e l e c t r o n  d o n a tin g  p r o p e r t i e s  o f t h e  OH*, and  NCS* in d u c e  

a  slow  t r a n s  a t t a c k  and C l"  o r  Br* in d u c e  a  r a p i d  c i s  

re p la c e m e n t w ith  r e t e n t i o n  o f  c o n f ig u r a t io n  s in c e  o n ly  

r e l a t i v e l y  s m a ll  c h a n g e s  in  b in d in g  t a k e  p la c e  on g o in g  

t o  t h e  t r a n s i t i o n  s t a t e .

8^1 m echanism

An Sjjl m echanism  p ro d u c e s  a  f i v e  c o o rd in a te  

i n te r m e d ia te .  T h is  c an  be v i s u a l i s e d  e i t h e r  a s  a  

t e t r a g o n a l  py ram id  o r  a s  a  t r i g o n a l  b ip y ra m id , a s  i s  

shown f o r  an  o p t i c a l l y  a c t i v e  isom er in  B ig u re  3 *

I t  can  be se e n  t h a t  in  t h e  c a s e  o f t h e  t e t r a g o n a l
*

p y ra m id , s u b s t i t u t i o n  w i l l  t a k e  p l a c e  w ith  r e t e n t i o n  

o f  c o n f ig u r a t io n .  Bor a  t r i g o n a l  b ip y ra m id  r e ­

a rra n g em e n t t a k e s  p la c e  and i d e a l  s t a t i s t i c a l  r a t i o s  

f o r  t h e  t h r e e  iso m e rs  c a n  be c a l c u l a t e d .

S in c e  re a r ra n g e m e n t a lw ays o c c u rs  d u r in g  

b a s e  h y d r o l y s i s ,  t h e  in te r m e d ia te  m ust be  a  t r i g o n a l
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^ ip y ra m ld . T h is  a g re e s  w ith  t h e  h y p o th e s is  (ii-j'j t h a t  

t h i s  s t r u c t u r e  i s  s t a b i l i s e d  hy  t h e  IT b o n d in g  o f t h e  

e l e c t r o n  p a i r  o f  t h e  amido n i t r o g e n  w h ich  m is t be  in  

t h e  same t r i g o n a l  p la n e  a s  t h e  v a c a n t  d^2 _y2 o r b i t a l  

on c o b a l t  I I I .

NU. X

B a so lo  and  P e a rs o n  [u h a v e  a n a ly s e d  t h e  

is o m e r ic  p ro d u c ts  fo rm ed  from  th e  b a s e  h y d r o ly s i s  o f  

many c i s  and t r a n s  c o b a l t  I I I  co m p lex e s . Assuming 

an  Sjjl CB m ec h an ism ,th ey  c a l c u l a t e d  t h e  f r a c t i o n s  o f 

th e  tw o p o s s ib l e  in te r m e d ia te s  p ro d u ced  from  t h e  c i s  

and t r a n s  form s w ith  t h e  minimum o f  a to m ic  m o tio n .



Co'

H N/
•NH,

TUNS

Co".

H,N

■WM.
A  CIS

/NM,

•Ntt

(I) - U  
(11 -X

(11 -X- >

NH.

NH

T h ere  i s  one common in te r m e d ia te ,  A, and one in te r m e d ia te  

w h ich  i s  s p e c i f i c  t o  t h e  c i s  fo rm . Out o f  t h i s  a n a ­

l y s i s  two s te r e o c h e m ic a l  r u l e s  em erge.

a) The c i s  isom er m ust n e v e r g iv e  l e s s  c i s  p ro d u c t th a n  

t h e  t r a n s  fo rm , 

h ) The io r e t e n t i o n  o f  c o n f ig u r a t io n  by  a  o i s  s u b s t r a t e  

m ust be g r e a t e r  t h â n ,o r  e q u a l t o / t h e  9̂  o f  in te r m e d i ­

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

H u le  ( a )  c an  b e  se e n  t o  be  obeyed by t h e  exam ples g iv e n  
i n  T a b le  3 . T h is  i s  good e v id e n c e  f o r  an  S ^ l CB

p r o c e s s .

I t  h a s  a l s o  b een  p o in te d  o u t t h a t  i f  a  

f i v e  c o o r d in a te  in te r m e d ia te  i s  fo rm ed , t h e n  t h e  c o n -



c e n t r a t i o n s  o f  t h e  is o m e r ic  p ro d u c ts  sh o u ld  he in d e ­

p e n d e n t o f  t h e  d e p a r t in g  g ro u p . T h is  i s  fo u n d  to  

h e  BO  ̂ a s  in  th e  exam ple o f tran sE C o en ^ C lB r]*  and 

t r a n s [C o e n 2C l2 ]^* I n  b o th  o a s e s  f i v e  o f  t h e  c i s  

p ro d u c t  io n ,  [CoengClC OH) ]'*’ i s  fo rm ed , (p a g e  ) .

The s t a b i l i s a t i o n  o f  th e  p e n ta c o o r d in a te  

i n te r m e d ia te  c o u ld  a l s o  be  a c h ie v e d  by  th e  i n t e r a c t i o n  

o f  a  f i l l e d  p o r b i t a l  o f t h e  f i x e d  l ig a n d  1  w ith  th e  

empty d o r b i t a l ,  T h is  i s  o n ly  p o s s ib l e  when th e

l ig a n d  i s  in  th e  t r i g o n a l  p la n e ,  i . e .  in  t h e  c a s e  o f
I

t h e  in te r m e d ia te  A, F u r t h e r , t h e  two e f f e c t s  c a n  be 

c o n s id e re d  to g e th e r  by  im a g in in g  a  c o n ju g a te d  sy s te m  

in v o lv in g  b o th  1  and th e .  amido g ro u p . In  p r a c t i c e  

t h e  p e rc e n ta g e  o f A fo rm ed  d u r in g  t h e  h y d r o ly s i s  o f  

[CoengUC] , X -  C l" ,  B r“ , OH", i s  a s  f o U o w s : -

1  NOg" K ,"  B r" HH3 C l"  HCS'

f  34 4 0 -5 0  60 67 6 6 -74  84;

S in c e  t h e  n i t r o  g roup  i s  a n  e l e c t r o n  a c c e p to r  th e  low  

p e rc e n ta g e  s u p p o r ts  t h e  t h e o r y .  The o th e r  r e s u l t s  

can  a ls o  be  r a t i o n a l i s e d  t o  s u p p o r t  t h e  t h e o r y .

A ^ o n ia  i s  n o t a  IT  d o n o r . The u n e x p e c te d ly  h ig h  

p e r c e n ta g e  i s - e x p la in e d  by i t s  a c id  p r o p e r t i e s  b e in g  

s t r o n g e r  th a n  e th y le n e d ia m in e , t h u s  r e s u l t i n g  i n  i t s



<10.

g r e a t e r  l i k e l i h o o d  o f i t  b e in g  in  t h e  t r i g o n a l  p l a n e .

The re m a in in g  l ig a n d s  a f e  a l l  TT d o n o rs  and o ccu r i n  

t h e  a c c e p te d  o rd e r , o f i n c r e a s e  in  a b i l i t y  w ith  t h e  ex ­

c e p t io n  o f t h e  th io c y a n a te  io n .  T h is  h ig h  v a lu e  i s  

th o u g h t  t o  be  due  t o  t h e  l i n e a r  n a tu r e  o f  t h e  t h i o ­

c y a n a te  io n .  Thus in  g e n e r a l  i t  w ould a p p e a r  t h a t  

t h e  f ix e d  l ig a n d  L a f f e c t s  t h e  p e rc e n ta g e s  o f  i n t e r ­

m e d ia te s  fo rm ed .

I

1 5 . Bond C lea v ag e  d u r in g  th e  h y d r o ly s i s  o f  com plexes 
c o n ta in in g  th e  c a rb o x y l  g rouu

In  a l l  th e  d i s c u s s io n  so  f a r  th e  em phasis h a s  

b een  p la c e d  on t h e  e f f e c t  o f  th e  l ig a n d s  on t h e  r e a c t i o n  

o f  t h e  m e ta l  co m p lex . The em phasis c a n  be s h i f t e d  so  

t h a t  t h e  m ajo r i n t e r e s t  i s  c e n t r e d  on th e  in f lu e n c e  t h e  

m e ta l  io n  h a s  on t h e  r e a c t i v i t y  o f  th e  g ro u p s  a t t a c h e d  

t o  i t .  Thus a  g roup  su ch  a s  t h e  C o ( N H ^ ) c a n  be  

c o n s id e re d  a s  a  l e w is  a c i d ,  in  th e  same way a s  a  m e th y l 

g ro u p  o r  a  p r o to n .  When th e  c o o rd in a te d  l ig a n d  con­

t a i n s  a  c a rb o x y l  g ro u p  th e  w hole  m o le c u le  c a n  be  

{ ■ *_ 1 l ik e n e d  t o  an  o rg a n ic  e s t e r ;  BCOOE*, f o r  ex ­

am ple f o r  t h e  [ C o ( H H ^ ) ^ C O O C F ^ E  » Co(l3H^)^, E* ■



CH.

As in  t h e  h y d r o ly s i s  o f  e s t e r s  i t  i s  p o s s i b l e  

t h a t  bond f i s s i o n  n a n  t a k e  p la c e  in  one o f  two p l a c e s :

X) AlicTl bond f  I s a  Ion

R - C - O i H ’ + OH*------------ ) R - C - 0 - H  + E»0"
I I  I I
0 0

2) Aovl bond f i s s i o n

R _ C + 0 .  E* + 0H“ --------------  E - C - 0 - H  + E'O"

0 0

I f  t h e  r e a c t i o n  i s  c a r r i e d  ou t i n  th e  p r e s e n c e  o f s o lv e n t
18l a b e l l e d  w ith  oxygen i t  i s  p o s s i b l e  t o  t e l l  v h e re  bond 

f i s s i o n  o c c u r s .

D u rin g  t h e  a c id  h y d r o ly s i s  o f  t h e  c a rb o n a to -  

p e n ta m n in e  io n ,  t h e r e  i s  no  o x y g e n i n c o r p o r a t e d

in to  th e  aquopentam m ine p ro d u c t io n .
I

[ ( Î1H-) gCo_0lc00H]2++H20lG+a+----------  ̂ [ ( HH3 ) jC o-O H g*+ C O g
I

IVhen th e  c a rb o n a to te tra m m in e  io n  i s  s tu d ie d  o n ly  509^

o f  th e  oxygen in c o r p o r a te d  comes from  th e  s o lv e n t  l a b e l l e d
18 *oxygen .  T h is  s u g g e s ts  t h a t  d u r in g  t h e  d e c h e la t io n

o f  t h e  te tra m m in e , a  c o b a l t-o x y g e n  bond i s  b ro k e n .

W ith t h e  c o m p le te  rem o v a l o f  th e  c a r b o n a te ,  a  c a rb o n -



oxygen bond i s  b ro k e n . T h is  can  b e  e x p la in e d  on th e  

f o l lo w in g  m echanism :

\ / 0 v  ^
[ ( ^ 3 ) ^ 0 0 ^ '  \ - o r  + H 2 0 ^ ® + H ' ^ - - - - - - - - - - - )  [ ( H H 3 ) ^ C o  o h  f *

a s

[ (B H 3 )^ C ^  oh ]
\ o  -  C -  Q

2+

18

\ OH
] + COg

H+

[(B E ji^ C o fQ E g ig i
2+

D u rin g  t h e  seco n d  s t a g e ,  t h e r e  i s  no t r a n s f e r  o f  oxygen 

from  t h e  s o l v e n t ,  s im p ly  th e  rem o v a l o f  c a rb o n  d io x id e .

On a lk a l i n e  h y d r o ly s i s  o f  o x a là to b i s e th y l e n e -  

d ia m in e o o b a lt  I I I  io n ,  t h e  r e v e r s e  i s  fo u n d . T hese  

r e s u l t s  h a v e  b een  i n t e r p r e t e d  to  su g g e s t  t h a t  t h e  d e ­

c h e l a t i o n  p ro c e s s  t a k e s  p l a c e  by c a rb o n  oxygen f i s s i o n  

and th e  su b se q u e n t rem o v a l o f t h e  o x a la te  by c o a b l t  

oxygen f i s s i o n .  ‘

[engC q

OH

0 .  0
+C?-8h -  ^ [en p O o ; 0

^0  -  C _ c (
'6

.OH
[enpCo ]+ + CpO.oIG f
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T h is  i s  s u p p o r te d  hy w ork  (Q on th e  h y d r o ly s i s  o f  th e  

[Co(BH ^)ç O g C C O g w here o n ly  c o b a l t  oxygen bond b r e a k ­

in g  o c c u r s .  ‘

• ‘ ,

[(H H j)ç -C o -0 2  CCOg]* + 0^ 83 - ------- 3 [(UH^) 2 -

O r ig in a l ly  i t  was th o u g h t  t h a t  t h e r e  was a  g r a d u a l  

s h i f t  in  t h e  bond b re a k in g  p o s i t i o n  from  c o b a l t  oxygen  

t o  oxygen c a r b o n ,w i th  in c r e a s in g  e l e c t r o n  w ith d ra w in g  

pow er o f t h e  R g roup  in  th e  RCOO* l ig a n d  in  com plexes 

o f  t h e  form  ^CoOOCR] w here R -  CH^,

C C l^, CFg. The e x p la n a t io n  b e in g  t h e  c o m p e ti t io n  o f  

c a rb o n y l  a d d i t i o n  w ith  t h e  8^1 CB m echanism . T hat 

t h i s  i s  n o t a lw ay s a  c o m p le te  e x p la n a t io n  was shown 

by  f u r t h e r  work[<\î) on th e  b a s e  h y d r o ly s i s  o f  t h e  t r i ­

f l u  o r  oac e t a tjo p e n ta m m in e c o b a lt  I I I  io n ,  [Co(HH^) ^(CF^COO) 

w here  i t  w as fo u n d  th a t ,  t h e r e  a r e  two r e a c t i o n  p a th s ,  

one f i r s t  o rd e r  i n  h y d ro x id e  and t h e  o th e r  second  o r d e r .

E a t .  -  k ' [O H '] + k "  [ O H " ] ^

The oxygen t r a c e r  e x p e r im e n ts  showed t h a t  t h e  k* p a th  

t a k e s  p la c e  w i th  c o b a l t  oxygen  f i s s i o n  and th e  k" p a th  

w ith  c a rb o n  oxygen f i s s i o n .  The k* p a th  b e in g  dom i­

n a n t a t  h ig h  te m p e ra tu re  and low  b a s e  c o n c e n t r a t io n  and 

t h e  k" p a th  a t  low  te m p e r a tu re  and h ig h  b a s e  c o n c e n tr a t io n *



T h e se  tw o r e a c t i o n  p a t h s  h a v e  a l s o  b e e n  fo u n d  {%%) 

i n  t h e  h y d r o l y s i s  o f  t h e  [CoengCCgO^) i o n .

The i n t e r p r e t a t i o n  g iv e n  o f  t h e  p o s i t i o n  o f  

bon d b r e a k in g ,a s s u m in g  o n ly  on e  r e a c t i o n  p a th  f i r s t  

o r d e r  in  o x a la te ^ m a y  n o t b e  g e n e r a l l y  v a l i d .

T he r a t e  e q u a t io n ,  r a t e  -  k* [OH*] + k ” [OH*]^ 

w as a l s o  fo u n d  (\\\) in  t h e  b a s e  h y d r o ly s is  o f  t h e  

[Eh(H H ^)çOCOR] '̂*' w h ere  HCOO" i s  f o r m a t e ,  a c e t a t e  or s u b -  

s t i t u t e d  a c e t a t e .  Ho o x y g e n  e x ch a n g e  e x p e r im e n ts  h a v e  

y e t  b e e n  r e p o r t e d .

% e n  t h e  b a s e  h y d r o l y s i s  o f  t h e  com p lex  io n s  

i n  t h e  s e r i e s  c i s  and t r a n s  [CoengCOCOAr^j* w h ere  

Ar * O^H^, pCH^OCgH,^ ,̂ m ClO^H^, m I'OgH^, m HOgC^H,  ̂ w as  

i n v e s t i g a t e d  no o x y g e n  t w as in c o r p c r  a t e d  V.K t h e  

p r o d u c t  and t h e r e  w as no r e a c t i o n  p a t h  s e c o n d  o r d e r  i n  

h y d r o x id e  fo u n d .

R a te  -  k* [OH*]

T h is  may b e  a s p e c i a l i s e d  c a s e  o f  t h e  m ore g e n e r a l  form

H a te  -  k* [OH"] + k" [O ir ]^

The l a t t e r  p a th w a y  i s  fa v o u r e d  by  p o w e r fu l e l e c t r o n  

w ith d r a w in g  a g e n t s  i n  t h e  c a r b o x y la t o  l i g a n d  and t h e  

l a c k  o f  s u c h  e f f e c t s  may b e  one r e a s o n  why t h e  se c o n d
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te r m  I s  u n im p o r ta n t . A n o th er  r e a s o n  may h e  due t o  

t h e  lo w  b a s e  c o n c e n t r a t io n  (maximum 0 * 0 2  M) and te m p e r ­

a t u r e ,  25® a t  w h ic h  t h e  r e a c t i o n  w as c a r r i e d  o u t .

T he k* p a th  o f  t h e  h y d r o l y s i s  o f  t h e  

[Co(HH^)^(CF^COO) 3 '̂*’ io n  i s  th o u g h t  t o  g o  th r o u g h  a 

c o n j u g a t e  b a s e  m ech an ism .

[Co(HH2 )g (C ? jC 0 0 ) ] 2 + + OH* ^ = = i  [ 0 0 ( 1 0 3 ) 4 ( 1 ^ 2 ) (CI'3 C0 0 ) ] ‘

+ BgO

[ 0 0 ( 103 ) 4 ( 102 ) (C PjC O O )^ —  - i  [ 0 0 ( 013 ) 4 ( 102 ) ( 002 ) ] 2+

+ CF3OOO"

[O o (m 3 ) 4 ( l0 2 )(OE2 ) ]^ +  .  [ 0 0 ( 103 )

A p o s s i b l e  m echanism  f o r  t h e  k" p a t h  I n v o lv e s  a t t a c k  by  

OH* a t  t h e  c a r b o n y l c a rb o n  f o l l o w e d  by  a  sec o n d  OH* r e ­

m ovin g  t h e  p r o to n  from  t h e  f i r s t .  The p r o c e s s  i s  co n ­

c e r t e d ,  t h e  lo w  a c t i v a t i o n  e n e r g y  b e in g  c o n s i s t e n t  w it h  

s t r o n g  bond .m aking in  t h e  a c t i v a t e d  c o m p le x .

I? f '
[ ( ^ ) ) g C o  -  0 -  0 -  OP3 --------> [ ( 103 ) 3000 ]+ + O2O2 P3 -  + SgO

Î

[ ( 1 0 3 ) 3 0 0 ( 0 0 )  ] 2 + + OH-

H2O
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1 6 . The base h yd ro lysis o f cob a lt I I I  complexes compared 
t o  _Qther metal octahedral complexes

Due to  th ê x r e l a t i v e  e a s e  o f  p r e p a r a t i o n  and 

i n e r t  n a tu r e  in  s u b s t i t u t i o n  r e a c t i o n s ,  c o b a l t  H I  com­

p le x e s  h a v e  b e en  t h e  m ost th o ro u g h ly  s tu d ie d  m e ta l  com­

p le x e s  a t  t h e  p r e s e n t  t im e .  The h a lo g en o p en ta irm in e  

com plexes o f  rhod ium  I I I ,^ U ;S ^  ru th e n iu m  I I I ,  ( l “l^ 

chrom ium  I I I  and i r id iu m  H I  (^il)l^(\"|^have b een  m ad e ,a s  

h a v e  a l s o  t h e  d ia c id o b  i s  e th y le n e d ia m in e  com plexes o f  

chrom ium  H I ,  rhod ium  H I ,  ru th e n iu m  H I a n d  i r i d ^  IXI.(^l^C

The most s t r i k i n g  f e a t u r e  a r i s i n g  from  com para­

t i v e  s t u d i e s  was t h a t ,  l i k e  Co H I ,  th e  b a se  h y d r o ly s i s  

f o r  t h e  Hu H I  com plexes i s  v e ry  much f a s t e r t h a n  t h e  

a c id  h y d r o ly s is ,w h e r e a s  f o r  Or H I  and Rh H I  (%]^the 

r a t e s  o f  h y d r o ly s i s  in  a c id  and b a s e  a r e  r e l a t i v e l y  

slow  and co m p a rab le . V ery l i t t l e  w ork h a s  beencdoM 

in  t h e  c a s e  o f  i r id iu m  I I I  b u t t h e  b a s e  h y d r o ly s i s  o f  

[lr(HH^)^OCOCF^]^‘’‘ p ro c e e d s  a t  a  r a t e  s u b s t  a i t i a l l y  (u\^ 

t h e  same a s  f o r  t h e  [Rh(HH^)^OCOCF^ ] io n ,  aM  f o r  

[ ir (H H ^ )^ B r3^''’ t h e  b a s e  h y d r o ly s i s  i s  s lo w e r  t h a n  in  

t h e  rhod ium  com plex .

T a b le  4 com pares some p r o p e r t i e s  of some m e ta l

i o n s .
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TÆBIE 4

C om parison  o f  some u r o p e r t l e s  o f  some m e ta l  Iona

P r o p e r ty .  Cr^* Co^*

E le c t r o n ic  C o n f ig u ra -  ,  ^ c %
t i o n  3d^ 3d^ 4d^ 4d^

k(O H -)/k(H gO ) a t  25® 
f o r  2x10^ 5x10^ 2x10^ 4x10^

V V «4:a t  8 0 °

i3+pE ^ [M( 103)3520  ]' 
a t  25°  5*2 5*7 4*2 5*9

CFAE f o r  a  t r i g o n a l  
b ip y ra m id  5*74Dq H *48D q 8*90Dq* ll»48D q*

CFAE f o r  c o o r d in a t io n  
num ber 7 l#80D q 3 *63Dq 1#14Dq' 3*63Dq*

E le c t r o n  a f f i n i t y ,  ev 
[ 3r d  i o n i s a t i o n  p o te n ­
t i a l  o f  m e ta l]  29*5 35*5 31 . 33

The form  o f r e a c t i v i t y  can  b e  dUcvcisQ*cl on t h e  

b a s i s  o f  t h e  S^jl CB m echanism  a s  f o r  c o b a l t*

f a s t
[ m( i0 3 ) 5 C i ] 2+ + m -  . . . . .  [ « ( 1 0 3 ) 4 ^ 2 0 1 ] +  + H20 ( 1 )

slow
[11( 103 ) 410201 ]+  > [M( 103 ) 4 1 0 2 ] 8+ + C l"  ( 2 )

[M( 1 0 3 ) 4 1 0 2 ]^+ + H2O - -) [M(]0 3 ) 3OH]8+ ( 3 )



F o r t h e  Co I I I  t h e  s t a b i l i t y  o f  t h e  f i v e  co ­

o r d i n a t e  in te r m e d ia te  i s  m a in ly  due to  re a r ra n g e m e n t 

t o  a  t r i g o n a l  h ip y ra m id  w ith  IT b o n d in g  from  t h e  amido 

g ro u p .

H g lT l Co J c i  — Co + 0 1 ”

Any f a c t o r  w hich f a v o u r s  th e  fo rm a tio n  o f  t h e  amido b a s e

w i l l  c a u se  a  h ig h  r a t e  o f b a s e  h y d r o l y s i s .  The pK^

v a lu e s  o f  th e  a c id  d i s s o c i a t i o n ,  r e a c t i o n  1 ,  a r e  to o

sm a ll t o  be m easured  b u t t h e  o f  t h e

io n  h a s  b e en  m easured  a s  i s  shown in  T a b le  4 .  I t  c a n

b e  se en  t h a t  Eu I I I  i s  t h e  s t r o n g e s t ,w i th  Cr I I I  n e x t ,  
is

T h is ^ p a r t l y  e x p la in a b le  by c o n s id e r a t i o n  o f  t h e  c r y s t a l  

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

from  t h e  am ine . T h is  w ould b e  s m a l le r  f o r  Hu I I I  

and C r I I I  due to  t h e i r  p a r t i a l l y  f i l l e d  tg g  aub s h e l l s .

Once t h e  b a s e  i s  fo rm ed  t h e  s t a b i l i t y  w i l l  d e ­

pen d  on th e  a b i l i t y  to  r e a r r a r g e  t o  a  t r i g o n a l  b ip y ra m id  

so t h a t  l ig a n d  to  m e ta l  IT b o nd ing  c a n  o c c u r . T h is  I s  

e s t im a te d  by c o n s id e r in g  th e  e a s e  o f  r e d u c t io n  o f t h e  

m e ta l ,  w h ich  i s  i n  th e  o rd e r  Co ^ Eh ^  Eu ^  Cr

l o s s  o f  c o s t a l  f i e l d  s t a b i l i s a t i o n  on g o in g  

from  t h e  o c ta h e d r a l  g ro u n d  s t a t e  t o  th e  t r a n s i t i o n  

s t a t e  m ust a l s o  b e  c o n s id e r e d .  T h is  i s  c a l l e d  t h e
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c r y s t a l  f i e l d  a c t i v a t i o n  en e rg y  (CFAE) and th e  f i g u r e s  

a r e  shown in  T a b le  4 . l i g a n d  r e p u l s io n s  and TT 

b o n d in g  fa v o u r  a  t r i g o n a l  b ip y ra m id  in te r m e d ia te  w h e rea s  

c r y s t a l  f i e l d  e f f e c t s  oppose  i t .  The c r y s t a l  f i e l d  

s p l i t t i n g  in  t h e  second  row  t r a n s i t i o n  e le m e n ts  Dq* i s  

a b o u t 509  ̂ g r e a t e r  t h a n  in  th e  f i r s t ,  so  a t r i g o n a l  b i -
■

p y ram id  i s  l i k e l y  f o r  Co I I I  and Cr H I  b u t u n l ik e l y  f o r  

Eh H I  and Eu I I I .

Thé h i ^  r a t e  o f  b a s e  h y d r o ly s i s  o f  Eu H I  c a n  

be  r a t i o n a l i s e d  b e s t  a s  a  se v en  c o o r d in a te  I n te r m e d ia te  

w ith  no re a rra n g e m e n t s in c e  th e  te n d e n c y  t o  IT bond i s  

s m a l l , a l t h o u ^  t h e  amido g roup  i s  e a s i l y  f o rm e d ,s in c e  

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

h i ^  r a t e  o f  b a s e  h y d r o ly s i s  o f  Co H I  i s  due t o  t h e  

e a s e  o f  r e d u c t io n  w h i l s t  t h e  low r a t e  o f Cr I I I  i s  due 

t o  r e d u c t io n  ta k in g  p la c e  w ith  v e ry  g r e a t  d i f f i c u l t y .

The low  r a t e  f o r  Eh I I I  i s  e x p la in e d  by t h e  low  a c i d i t y  

and th e  l a r g e  c r y s t a l  f i e l d  e f f e c t s .

An Sjj2 m ech an ism .h as a l s o  b e e n  p ro p o se d  by  Chan 

f o r  t h e  [Eh( 103 ) 3%]^+ io n s  v4i«re X -  C l* , B r" , 

com pares t h e  Eh I I I  sy s tem s to  a ro m a tic  h y d ro c a rb o n s  

s in c e  in  b o th  sy s te m s  th e  lo w e s t u n f i l l e d  e n erg y  o r b i t a l s
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ihft a c c e s s i b l e  f o r  b o n d in g  p u r p o s e s .  S in c e  th e  r a t e  

d e c r e a s e s  C l*  h B r“ ^  I "  w h ich  i s  t h e  same p a t t e r n  a s  

f o r  a ro m a tic  h y d ro c a rb o n s  w h ich  iv i  known t o  s u b s t i t u t e  

by  an  S^2 p r o c e s s ,  th e  s u b s t i t u t i o n  in  t h e  rh o d iu m  

s e r i e s  m ust a l s o  b e  8^2 , The same argum ent h a s  been  

a p p l ie d  f o r  Go I I I  (p a g e  ' ] \  ) % here Co H I  com plexes

a r e  l ik e n e d  t o  a l i p h a t i c  c a rb o n  sy s te m s .
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PARI n .  RESniTS AHD DISCUSSION

1 .  RACIMISAIION QP IHE CIS ( - )  [Coen2(Q H )2]* lOH

M ethod

O p t ic a l ly  a c t i v e  [CoengCO^jClO^ was d i s ­

s o lv e d  in  s ta n d a r d  p e r c h l o r i c  a c id ,  t h e  [C oen2(H 20)2]^*  

io n  w as im m e d ia te ly  fo rm ed  w ith  c o m p le te  r e t e n t i o n  of- uw fij-  

U.ve,tiov\.fy^in t h e  su b se q u e n t a d d i t i o n  o f  sodium  h y d ro x id e , 

t h e  [Coen2 ( 011) 2 ]^ io n  ems in s t a n ta n e o u s ly  fo rm e d .

* [CoengCOj]* f  ^ [Coen2(H20)2]^'*' + OOp + ^ 2 ^

[C oen2(B 20)2]3* + 2 0 H "--------) [Coen^COHjg]* + E2O

The s o l u t io n  was p la c e d  in  a  j a c k e t t e d  th e rm o - 

s t a t t e d  p o la r im e te r  tu b e  in  a  Z e is s . P o la r im e te r  and 

r e a d in g s  o f  t h e  r o t a t i o n  a t  436 up w ere  t a k e n  a t  

v a r io u s  t im e  i n t e r v a l s .

'  C a lc u la t io n

The r a t e  c o n s ta n t s  (^ i(y a ,c  ) )  w ere  o b ta in e d  

fro m  th e  e q u a t io n :

^ ( r a o . )  -  2 0 0 3  l o g i p C ^ t  " ^

t
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w here  cl ^ i s  t h e  r o t a t i o n  a t  t im e  t  and el ^  , i n  t h i s  

c a s e  z e r o ,  i s  t h e  r o t a t i o n  on t h e  c o m p le tio n  o f  t h e  r e ­

a c t i o n .  ^ l ( r a c . )  o b ta in e d  g r a p h i c a l l y  from  a  

g rap h  o f  t h e  lo g  o f  t h e  r o t a t i o n  p l o t t e d  a g a in s t  t im e .  

The s lo p e  m easu res t h e  r a t e ,  a  specim en  f i r s t  o rd e r  

r a t e  p l o t  i s  shown i n  g rap h  1 .

R e s u l t s

T a b le  5 shows , th e  o b se rv ed  f i r s t  o rd e r  r a t e  

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

t h e  c i s  ( - )  [Coen2 ( 0H )2 ]* io n  a t  v a r io u s  te m p e r a tu r e s .  

Ho in v e r s io n  o r m u ta r o ta t io n  was o b se rv e d  and t h e  r a t e  

was found  t o  be  in d ep e n d en t o f  t h e  h y d ro x id e  co n cen ­

t r a t i o n  and e x c e s s  e th y le n e d ia m in e .

S e v e ra l  w o rk e rs  s tu d ie d  t h e

c i s / t r a n s  i s o m é r i s a t io n  s p e c t r o p h o to m e t r ic a l ly .

k
( - )  c i s  [Coen2 ( 0H )2 3^  ̂  ̂ t r a n s  [Coen2 ( 011) 2 ]^

Graph 2 shows an  A rrh e n iu s  p l o t  o f log^Q k*,

w here  k* -  k^ + k^ 'rC a g a in s t  t h e  r e c i p r o c a l  

o f t h e  a b s o lu te  t e m p e r a tu re .  The r a c é m is a t io n  

r a t e s  a r e  s l i g h t l y  s lo w e r th a n  th e  com bined is o m e r i -  

s a t l o n  r a t e s .  The p o s i t i o n  o f e g u iU h r iu m  o l s
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y b ra n s  d o es n o t  change w ith  t e m p e r a tu r e ,  t h e  r a t i o  

(K) k g /k ^  was found  t o  he  0*80 hy Bj e r r  urn and 

Rasmus s en j^and 0*85 by K ruse  and I  a u b e , By

u s in g  t h e  r e l a t i o n  K -  k ^ /k ^  in  a d d i t i o n  t o  th e  

r e l a t i o n  k* -  k^ + k^ t h e  v a lu e s  o f  k^ w ere  c a lc u ­

l a t e d .  The r a c é m is a t io n  r a t e  and i s o m é r i s a t io n  

r a t e ,  b o th  k* and k^ a r e  com pared in  T a b le  6 , t h e  

r a c é m is a t io n  b e in g  v e ry  much f a s t e r  th a n  t h e  i s o ­

m é r i s a t io n .  The i s o m é r i s a t io n  o n ly  p a r t i a l l y ,  

a c c o u n ts  f o r  t h e  l o s s  o f  o p t i c a l  a c t i v i t y .
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TABLE 5

OBSERVED EIRST ORDMt RATE CONSTANTS FOR THE LOSS OP 
ACTIVITY OE THE ( - )  c i s  [CoengfOH^g]* lOH

M easured a t  436 inja. Sodium h y d ro x id e  ■ 0*259 H

T em p era tu re  Complex Cone. ^ l ( r a o . )
m .m ole l i t r e * ^  m i n . ' l

69*4 7*6 4*196 X 1 0 -1

60^8 * 4*1 1*142 X 1 0 -1

60*8 5*0 1*142 K 1 0 -1

60*8 7*8 1*196 X 1 0 -1

49*3 8*0 2*495 X 1 0 -2

37*2 7*5 4*174 X 10 -3

24*8 9*9 5*614 X 1 0 -4

a .  Sodium h y d ro x id e  -  0*855 N

b . Hun c a r r i e d  o u t in  th e  p re s e n c e  o f  0*5 m l. 
e th y le n e d ia m in e •
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TABLE 6

CQtIPARISOM QP THE BACEMISATIOH AMP ISCMERISAIIOM (C I3 
TO TEAHS) RATES EOR THE [CoengfO H jg]* lOH

T em p era tu re
*C

^ l ( r a ç . )
m in. 1 . - '

X
R é f .
K

1 4 -4 7"O x.lO "5 3 . 2x 1 0 -5 U

24*8 5*614%10-4

24*95 4 .0 z l0 " 4 1 .8 x 1 0 -4 U

25*0 4 -57x10"^ 2 .11x10*4 11

35*03 2 .5 9 x 1 0 -3 1 .96x10*3 " t '

37-2 4*184x10” ^

37*5 - 3 .8 6 z 10"3 1.78x10*3 Si

49*3 2*495x10 '^ 2 .2 8 x 1 0 -2 1 .05x10*2 s»

60*8 !•1 9 6 x 1 0 * ^

61*0 9 .9 0 x 1 0 -2 4 .59x10*2 5«

69*4 4*196x10*^

71*0 3 .3 0 1 .5 2 4 5»
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DISCUSSION

The i s o m é r i s a t io n  o f  t h e  c i s  and t r a n s  

[Coen2 ( 0H )2 io n  h a s  b een  e x te n s iv e ly  s tu d ie d  by 

E ru se  and T aube. [4L) They fo u n d  t h a t  an  e q u i l ib r iu m  

m ix tu re  o f  th e  tw o io n s  was o b ta in e d  w h ich  was in d e -  

p e n d en t o f th e  te m p e r a tu re .  An in tr a m o le c u la r  m echa­

nism  was p o s tu l a t e d  s in c e  t h e  r a t e  was found t o  b e  in d e ­

p e n d e n t o f  t h e  h y d ro x id e  c o n c e n t r a t io n  above a  co n ce n ­

t r a t i o n  o f  ab o u t 0*01 N, Below t h i s  c o n c e n t r a t io n  

t h e  r e a c t i o n  i s  c o m p lic a te d  by t h e  p r e s e n c e  o f 

[Coen2 ( OH) (H2O) and t h i s  i s  e x p e c te d  t o  ra c e m is e  

f a s t e r  t h a n  [0000^ ( 03 ) 2 ]^*# They s u g g e s te d  t h a t  t h e  

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

s in c e  l a c k  o f l i n e a r i t y  was o b ta in e d  in  *t5ie A rrh e n iu s
V

p l o t ,  (p ag e  lob  ) .  M easurem ents o v e r an  in c r e a s e d  

te n q x e ra tu re  ra n g e  s u p p o r t t h i s  c o n c lu s io n .(S 4 )F u r th e r , 

in  t h e  oxygen 18 exchaiige  s t u d i e s  i t  was found  t h a t  

o n ly  a  f r a c t i o n  o f oxygen exchange  o c c u r re d  p e r  io n  

f o r  each  a c t  o f  i s o m é r i s a t io n .  Two d i f f e r e n t  r e ­

a c t io n  p a th s  w ere s u g g e s te d , one b e in g  th e  b re a k in g  

o f  a  C o (H I )  -  OÏÏ bond and th e  o th e r  b e in g  t h e

b re a k in g  o f t h e  C o (H I )  -  NHg bond in  t h e  a c t iv a t e d  

com plex . The tw o  p ro c e s s e s  may re a s o n a b ly  be c o n -
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s id e r e d  t o  com pete , t h e  l a b i l i t y  o f  t h e  Co-0 bond 

b e in g  d e c re a s e d  by t h e  l o s s  o f  a  p ro to n  from  th e  

w a te r  t o  b r in g  i t  i n to  t h e  ra n g e  o f  t h e  l a b i l i t y  o f  

t h e  Co-NHgH bond . Thus tw o d i f f e r e n t  t r a n s i t i o n  

s t a t e s  o r  in te r m e d ia te s  e x i s t  and t h e s e  may b e  v i s u a l ­

i s e d  a s  t r i g o n a l  b ip y ra m id s , a l th o u g h  a  t r a n s i t i o n  

s t a t e  w ith  c o o rd in a t io n  number 7 in v o lv in g  d i r e c t  

a t t a c k  in  a  b im o le c u la r  way is .  a l s o  p o s s i b l e .  A 

t e t r a g o n a l  py ram id  i s  im p o s s ib le  a s  t h i s  would r e s u l t  

i n  r e t e n t i o n  o f  c o n f i g u r a t i o n .  They s u g g e s te d  two 

c o n s e c u t iv e  t r a n s i t i o n  s t a t e s  o r  in te r m e d ia te s .

From th e  p r e s e n t  m easurem ents on r a c é m is a t io n  

r a t e s  i t  i s  a p p a re n t  t h a t  some o th e r  r e a c t i o n  p a th  

m ust be  p r e s e n t  s in c e  t h e  r a c é m is a t io n  r a t e  i s  so  

much f a s t e r  th a n  th e  i s o m é r i s a t io n  r a t e .  The r a c é ­

m is a t io n  c a n  be c o n s id e r e d  e i t h e r  a s  a  d i r e c t  I n v e r s io n  
' k£

(+ ) [ C o e n 2 ( 0 H ) g ] * < = i  ( - )  [CQengCOH)^]*

or in v o lv in g  an i n a c t i v e  in te r m e d ia te .

’ M
( + ) [Coeno(O H)p]* > i n a c t i v e   ------> ( - ) [CoenpCOH)^]*

^  ̂ i n t e r m e d i a t ee

Then k* -  2k f s in c e  tw o o r i g i n a l  {+) iso m ers  
1



on d i s s o c i a t i o n  g iv e  tw o o p t i c a l l y  i n a c t i v e  m o le c u le s  

w h ich  c an  r e g e n e r a te  one ( + ) and one ( - )  m o le c u le .

I t  i s  n o t p o s s ib l e  to  t e l l  w hich  p ro c e s s  i s  

b e in g  c a r r i e d  o u t .  I f  t h e  a c t u a l  r a c é m is a t io n  i s  

tw ic e  a s  slow  i t  w i l l  s t i l l  be  f a s t e r  th a n  th e  i s o m é r i ­

s a t i o n  r a t e .

a) D ir e c t  in v e r s io n

S in c e  th e  r e a c t i o n  h a s  b een  shown t o  b e  in d e ­

p e n d en t o f h y d ro x id e  c o n c e n t r a t io n  t h e r e  can  be  no 

c Ob a l t - oxygen bond f i s s i o n .

D e c h e la t io n  o f  th e  e th y le n e d ia m in e  r i n g  i s  

p o s t u l a t e d .  C om plete  rem o v a l o f  t h e  e th y le n e d ia m in e  

d o es  n o t  o c c u r  s in c e  t h e  r a t e  i s  in d ep e n d en t o f  e x c e ss  

e th y  1 e n e d i am ine. T h is  d e c h e la t io n  i s  p l a u s i b l e  due  

t o  th e  s t r o n g  e le c t ro m e r ic  e f f e c t  o f  t h e  h y d ro x id e  group#

T h is  d e c h e la t io n  h a s  b e en  p ro p o se d  by M a rtin  

and T obe(lO t)to  a cc o u n t f o r  th e  i s o m é r i s a t io n  o f  t h e  

[CoenpHBjCCH) io n .  They p o s t u l a t e d  a  g e n e ra l  

r u l e  f o r  r e a c t i o n s  o f  com plexes o f  th e  ty p e  [CoenpACOH) ]"*" 

in  aqueous s o l u t i o n .  When A i s  l e s s  s t r o n g ly  bound

t h a n  e th  y  1 e n e d i am ine , a q u a t io n  o c c u rs  and A i s  r e ­

p la c e d .  When A i s  more s t r o n g ly  bound th a n  e th y le n e ­

d ia m in e , i s o m é r i s a t io n  t a k e s  p la c e  by th e  d e c h e la t io n
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o f  t h e  e th y le n e d ia m in e  r in g #

The p o s s ib l e  t r i g o n a l  b ip y ra m id  in te r m e d ia te s

a r e

MU,

•H

OH

OM
OH

1 .2  t r a n s
2 .3  c i s  ( -
1 .3  c i s  (+

1 ,2  c i s  ( -

1 ,2  c i s  (+

The p r o d u c t io n  o f  a l l  t h r e e  in te r m e d ia te s  w ould  a c c o u n t 

f o r  t h e  f a s t  r a c é m is a t io n  r e l a t i v e  t o  t h e  s lo w  is o m é r i­

s a t io n  s in c e  o n ly  t h e  f i r s t  in te r m e d ia te  c an  p ro d u ce  

t h e  t r a n s  isom er# ^

An in t r a m o le c u la r  t w i s t  m echanism  n iiy  a l s o  be  

r e s p o n s i b l e  f o r  t h e  f a s t  r a t e  o f r a c é m is a t io n  com pared 

t o  is o m é r is a t io n #  ’ Any t w i s t  m echanism  c a n  o n ly  g iv e  

r a c é m is a t io n  and  no is o m é r is a t io n #
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b) I n a c t iv e  in te r m e d ia te

D e c h e la t io n  o f b o th  e th y le n e d ia m in e  r i n g s  

w ould r e s u l t  in  a  in te r m e d ia te  ̂ sym m etric be tw een  t h e  

tw o e n a n tio m e r ic  fo rm s . On re fo rm in g  th e  e th y l  en e* 

d ia m in e  r i n g s  b o th  th e  (+ ) and ( - )  iso m e rs  w ould be 

fo rm ed . T h is  seem s l e s s  l i k e l y  t h a n  a  s in g l e  

d e c h e la t i o n .
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2 .  THE BASE HIDROIYSIS 0? THE CIS [CoengCOj]*

RESIILTS

a) S p e c tro p h o to T n e trlc  m easurem ents on th e  b a se  h y d r o ly s i s  
o f  t h e  {CoengCO-]* io n

In s tru m e n t  a t  io n

A ll  t h e  m easurem ent s  w ere  c a r r i e d  o u t on U nie am 

SP.700 and 800 s p e c t ro p h o to m e te r s .  P r e l im in a r y  work was 

c a r r i e d  o u t on th e  SP.BOO, th e  sp e c tru m  scan n ed  fro m  

1 5 ,0 0 0  t o  4 5 ,0 0 0  cm .* a t  v a r io u s  t im e  i n t e r v a l s .  T h is  

a llo w e d  t h e  p o s i t i o n  o f  maximum ch an g e  in  o p t i c a l  d e n s i ty  

tor be  d e te rm in e d . The m a jo r i ty  o f  t h e  k i n e t i c  w ork was 

c a r r i e d  ou t on th e  SB,? 0 0 .

S to ic h io m e try

The r e a c t i o n  was found  t o  t a k e  p la c e  in  two 

s t a g e s .  The f i r s t  c o r re s p o n d in g  t o  an  i n i t i a l  d e c h e la ­

t i o n  f i r s t  p ro p o se d  by H a r r i s  100) th e  second

t o  t h e  co m p le te  rem ova l o f  t h e  c a rb o n a te ,

[CoengCOj]* + OH" --------> [CoenjCO-QH]®

[CoengCOjOH]® + OH* -------- > [C oen gfO ajg]*  + CO^^-
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G e n era l m ethod

The a l k a l i n e  s o l u t io n  was p la c e d  in  1 cm. 

s i l i c a  c e l l s  in  t h e  th e rm o s t a t  t e d  c e l l  com partm ent o f  

t h e  in s tru m e n t  and l e f t  f o r  10 m in u te s  t o  th e r m a l ly  

e q u i l i b r a t e .  The ru n  was commenced by  p i p e t t i n g  a  

s o l u t io n  o f  t h e  com plex in to  t h e  a l k a l i  and s h a k in g , 

t h e  t o t a l  volum e o f  th e  sam ple b e in g  3 m l.

The io n ic  s t r e n g th  was k ep t c o n s ta n t  a t  0*167 H 

w ith  sodium  p e r c h l o r a t e .  Sodium c h lo r id e  was a ls o  u se d

and found  t o  make no d i f f e r e n c e  t o  th e  r a t e .

T em p era tu re  c o n t r o l

l 'o r  te m p e ra tu re s  above 50° ,  an e l e c t r i c  th e rm o ­

s t a t  was u s e d  and f o r  te m p e ra tu re s  b e tw een  2 0 °  and 50° 

a  w a te r  th e r m o s ta t  was u s e d . The te m p e ra tu re  o f  t h e  

c e l l  com partm ent w as m easured  u s in g  a  g a lv a n o m e te r , t h e  

a c c u ra c y  o f  w hich  was n o t more th a n  -  0*5°*

S c a le  ex p an sio n  u n i t

At 25° t h e  o b se rv ed  change in  o p t i c a l  d e n s i ty  

i s  v e ry  s l i g h t  and s lo w . T h e re fo re  t h e  ru n s  w ere

c a r r i e d  o u t on th e  SP,800 s in c e  t h i s  in s tru m e n t  i s  f i t t e d  

w ith  a  s c a l e  e x p a n s io n  u n i t ,  a  s c a le  e x p a n s io n  f a c t o r  o f  

f i v e  b e in g  u s e d .  The o b se rv ed  c h an g e s  w ere now s u f f i -



o i e n t  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 s  a l t h o u ^  th e  

a c c u ra c y  was d im in is h e d .

E i r s t  sta /?e  o f  th e  r e a c t i o n

[CoengCO)]* + OS" ---------> [CoengCOgOSp

G raphs 3 and 4 show t h e  s p e c t ro p h o t  omet e r i c  

ch an g es  w hich  o c cu r d u r in g  t h i s  s t a g e  o f th e  r e a c t i o n .

T h is  i s  c h a r a c t e r i s e d  by a  l a r g e  in c r e a s e  in  a b s o r p t io n  

b e tw een  2 9 ,0 0 0  and 3 6 ,7 0 0  cm .*^ and i s o s b e s t i c  p o i n t s  

a t  4 4 ,1 0 0 , 3 6 ,7 0 0 , 2 9 ,0 0 0 , 2 6 ,7 0 0 , 2 4 ,9 0 0  and 23 ,600  om ."^  

T h e re  i s  a l s o  an  i n i t i a l  change  in  th e  u l t r a v i o l e t  

sp e c tru m . The r e a c t i o n  was fo llo w e d  a t  3 0 ,0 0 0  cm .*^ 

w here  t h e  i n i t i a l  i n c r e a s e  in  a b s o r p t io n  i s  fo llo w e d  by  

a  d e c r e a s e  when t h e  second  s ta g e  o f  t h e  r e a c t i o n  becom es 

s i g n i f i c a n t .  The t im e  c o rre s p o n d in g  t o  maximum a b s o rp ­

t i o n  becom es s h o r t e r  and th e  maximum l e s s  p ro n o u n ced  w ith  

in c r e a s e  in  h y d ro x id e  c o n c e n t r a t io n  and te m p e ra tu re .

The r a t e  o f  th e  r i n g  o p en in g  r e a c t i o n  was c a lc u ­

l a t e d  by t h e  Guggenheim m ethod s in c e  i t  was im p o s s ib le

t o  o b ta in  an ©o v a lu e  f o r  t h i s  p a r t  o f  th e  r e a c t i o n .

I t  h a s  b e e n  shown t h a t

k t  + I n  (D-D*) « c o n s ta n t  

w here  k  i s  th e  r a t e  c o n s ta n t  and t  t h e  c-enet-ant- t im e
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, AiVvSjiV^ 0<.V K.W^ t  V ^  uJL&Ul 6  U (k ÇcjV^S
-K.\ys_̂  vcOs*rw<kA.

in te rv a l" " b e tw e e n  two o p t i c a l  d e n s i t i e s  D and D*. T hus, 

p ro v id e d  th e  t im e  i n t e r v a l l e s  k e p t c o n s t a n t ,  t h e  g r a d ­

i e n t  o f  t h e  g rap h  t  a g a in s t  I n  (D-D*) w i l l  g iv e  t h e  

r a t e  c o n s ta n t .  A specim en  p l o t  i s  shown in  g ra p h  5# 

T a b le  ~) g iv e s  t h e  f i r s t  o rd e r  r a t e  c o n s ta n t s

f o r  t h e  r e a c t i o n  c a l c u l a t e d  in  t h i s  way. Due to  th e

sm a ll  c h an g es  in  o p t i c a l  d e n s i ty  t h e  r e s u l t s  a t  25*7 

a r e  i n h e r e n t ly  i n a c c u r a te  and t h e  l i m i t s  o f  th e  v a lu e s  

o b ta in e d  a r e  g iv e n .  G raph 6 shows th e  ch an g e s  w i th  

h y d ro x id e  c o n c e n t r a t io n  o f

Second s ta g e  o f t h e  r e a c t i o n

[CoengCO.OS]^ + OH" -  c i s / t r a n s  [C oen2(0E )g]+  + CCy^-

T h is  p a r t  o f t h e  r e a c t i o n  was m easured  a t  1 9 ,2 3 0  cm .*^ 

and n o t a t  3 0 ,0 0 0  cm ."^  In  a l l  c a s e s  th e  c i s / t r a n s  

iso m e r ic  m ix tu re s  w ere fo rm ed , th e  r e a c t i o n  r a t e s  b e in g  

c o n s id e r a b ly  s lo w er th a n  th e  c i s / t r a n s  i s o m é r i s a t io n  o f  

t h e  [C oen2(0E )2]^*  At lo w e r te m p e ra tu re s  and h ig h e r  

b a s e  c o n c e n tr a t io n s  th e  fo rm a t io n  o f  th e  c i s  iso m er 

w ould  be  e x p e c te d . The e x t i n c t i o n  c o e f f i c i e n t s  a r e  

g iv e n  in  T ab le
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TÆBIlE 1.

^ ir s t  order ra te  constants fo r  the rin/? OT>enlng rea ctio n

T e m p era tu re
° c

[HaOH] H Complex Cone, 
m.mole l l t r e " ^

k j-^ jo b s .  rn ln .*^

53*o' 0*167 3*24 1-305
0 .1 5 0 1 .1 6 2
0-133 1 -0 91
0 .1 1 7  . 0 .9 6 0
0 .1 0 0 0 .8 2 3
0*083 0-648
0-067 3*17 0*591
0-053 0-503
0-047 0 -496
0 .0 4 0 0 .47 8
0-033 0 .4 7 2

4 4 . 5 0-167 2-86 0 .4 8 1

0-133 0 .3 7 8
0-100 0-282

0-067 0-233
' 0-033 0-210

34*6 0-167 1 -83 0-206

0-133 0 .1 6 8
0 .1 0 0 0 .1 2 7
0-067 0-087
0-033 0-067

[continued over]
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■TABLE 1_____ -  con tin u ed

T em p era tu re
°c

[EaOH] E Complex Cone# 
m.mole l i t r e " ^

k |-^ jobs , , m in .* ^

25*7 0 .1 6 7 3*18 0 .0 6 6  - 0 .0 6 3
0 .1 5 0 0 .0 6 1  - 0 .0 5 8
0*133 0*057 - 0*053
0*100 0-042  - 0 .0 4 0
0*083 0 -0 35  3 0*032
0 .0 6 7 0 .0 2 8  - 0 .0 2 5

• 0 .0 5 0 0-026  • 0*024
■ 0 .0 3 3 0-011  - 0*016
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TABLE S.

E xtin ction  C o e ffic ie n ts  for th e [C o e n g C C L clsCCoengCOHÏg]* 

and c is /t r a n s  equilihrium  [CoengtOSjg]* ions

Wave­
length
m/t

^ave- 
numb er
cm,*^

E xtinction  c o e f f ic ie n ts

[CoengCOj]* ois[Coen2(0B)2}+ c is /tr a n s
[CoenpfOH),]*

333 30,000 59 40 34

520 19,230 131 96 63

The va lu es fo r  th e  dihydroxo ions at 520 m/c 

agree with th ose found by Bjerrum and Hasmussen#^^^^ 

Graph 7 shows the spectrophotom etric changes during th is  

part of the rea ctio n . The ra te  constants were evalu­

ated grap h ica lly  from

logj^p(D^-Dja ) 4- c

where and are the measured o p tic a l d e n s it ie s

at tim e t  and when the rea ctio n  i s  complete ( t  -  oO )•
C = Ceruc»U.u.'V.

Graph 8 shows a ty p ic a l p lo t of log^Q oO ^

a g a in st . tim e, t .

The ra te  constants are l i s t e d  in  Table 9 and 
graph 9 shows the change in  ra te  constant with hydroxide



concentration .

The va lu es of the Arrhenius paramaters measured 

at various hase concentrations are shown in  Table 10 ,

TABLE 10

V ariation  in a c tiv a tio n  energy with base concentration  fo r  
th e  second stage of th e  base h ydrolysis o f the

[CoeUgCOg]* ion

EaOH
N

A ctivation  energy 
k .ca ls /m o le

P ro b a b ility
fa cto r

0 .1 6 7 21 .0 8 .2 3  I

0 .1 0 0 22.2 4 .8 9  I

0 .0 3 3 24*1 5 .37  I  10^4
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Cffî plsx Covvĉ  = 311 L4x.'
kudrcKi'ctjl " = 0.0 S3 W 
H(tk  '  ^  • * '

Time iw minüTéS



111 .

TABIiB

I ^ l r s t - o r d e r  r a t e  c o n s t a n t s  f o r  t h e  seoond g t a ? e  o f  t h e
r e a c t i o n

T e m p e ra tu re
°c

[HaOH] H Complex Cone., 
m.mole l i t r e ”^

k j - l j o b s .

71-0 0 .1 6 7 4*80 0 '3 8 0
0 .1 3 3 0*362
0 .100 0*355
0 .0 6 7 0*340
0 * 050 3*10 0*311
0 .03 3 4*80 0 .2 4 8

6 1 .0 0*167 3 -9 1 0*157
a .  133 0 .1 5 4
0*100 0*139
0*067 0*113
0*050 6*02 0 .0 9 9 -

* 0*033 3 '9 1 0*089
53*0 0*167 3*91 0*071

0*133 0*069
0*100 0*060
0*067 0*046
0*033 0*037
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R e a c t io n  In  n e u t r a l  s o l u t i o n

When t h e  sp e c t ru m  o f  a  n e u t r a l  s o l u t i o n  

(pH 7 • 0 2 ) o f  [CoengCO^JCl was t a k e n  "before and a f t e r  

h e a t i n g  t o  80® f o r  10 m in u te s  a  s i g n i f i c a n t  I n c r e a s e  

In  a "b so rp tlon  I s  s e e n  around  3 0 ,0 0 0  c m . w h e r e a s  t h e r e  

i s  v e r y  I ' l t t l ^ h a n g e  e ls e w h e re  In  t h e  sp e c tru m . T h is  

i s  shown In  D iagram  15* The r i s e  In  a b s o r p t i o n  I s  

due  t o  t h e  t e m p e r a tu r e  d epend en t f o r m a t io n  o f  

[CoengCO^QH]®. Once t h i s  i s  form ed t h e r e  a r e  two 

p o s s i b l e  r e a c t i o n s  which can  o c cu r  on c o o l i n g .  T hese  

a r e  t h e  c o m p le te  rem ova l o f  t h e  c a r b o n a te  and t h e  r e ­

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

[CoeagCOj]* f  > [CoenjCOgOH]® --------- > [C o e n 2 (Q S )2 p

S in c e  t h e  sp e c t ru m  d e c r e a s e s  on c o o l in g  b u t  d o e s  n o t  r e ­

t u r n  t o  t h e  o r i g i n a l  sp e c tru m  I t  would ap p ea r  t h a t  b o th  

r e a c t i o n s  t a k e  p l a c e .
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DIAGRAM 1 5

U l t r a  v i o l e t  s~p ectrixm o f  a  n e u t r a l  s o l u t i o n  o f  
[CoerigCQ^l^l b e f o r e  and a f t e r  h e a t l i i g

I  b e f o r e  h e a t i n g

I I  a f t e r  h e a t i n g

I I I  a f t e r -  c o o l in g

6.1 -

0.0
t*vC M(L»CWUcWV.\)(r

F o r  t h e  n e u t r a l  r a t e  t h e  a c t i v a t i o n  e n e r g i e s  w ere  c a l c u ­

l a t e d  from  t h e  e x t r a p o l a t i o n  o f  r a t e s  a t  known b a s e  con­

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

R ing  open in g  r e a c t i o n ,  a c t i v a t i o n  energ y  » 21*8 k . c a l s / m ole  

Removal o f  c a r b o n a te  a c t i v a t i o n  en e rg y  -  22*2 k . c a l s / m ole
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b) The ra te  of lo s s  o f o n tic a l a c t iv ity  accompanying
base h yd ro lysis

Stoichiom etry

The l o s s  of o p t i c a l  a c t i v i t y  was found  to  t a k e  

p l a c e  i n  two s t a g e s  i n  a  s i m i l a r  way a s  found  s p e c t r o -  

p h o t o m e t r i c a l l y .  The f i r s t  s t a g e  i s  due t o  t h e  d e -  

c h e l a t i o n  o f  t h e  c a r b o n a te  and t h e  second t o  t h e  c o m p le te  

rem o v a l  o f  t h e  c a r b o n a t e .

[ C o e n g C O j ] *  + O H '  -------------- > [ C o e n g C O ^ O H ] ®  ( l )

[CoeiigCOjOH]® + OH" ---------> [CoenglOH)^]* + CO^^- (g )

Method

O p t i c a l l y  a c t i v e  [CoengCO^jOlO^ was d i s s o l v e d  

i n  s ta n d a r d  sodium  h y d ro x id e  s o l u t i o n .  The s o l u t i o n  

was p la c e d  in  a  j a o k e t t e d  p o l a r i m e t e r  t u b e  o f  a  Z e i s s  

po la r im cfce r  and r e a d i n g s  o f  t h e  r o t a t i o n  w ere  t a k e n  a t  

v a r i o u s  t im e  i n t e r v a l s  a t  436 mjlc (2 2 ,9 4 0  cm .*^)

R e s u l t s

At h ig h  t e m p e r a tu r e s  r a c é m i s a t i o n  was o b se rv e d ,  

w h i l s t  a t  low t e m p e r a tu r e s  an  i n i t i a l  m u ta r o t a t i o n  was 

fo u n d  p r i o r  t o  t h e  r a c é m i s a t i o n .  The m u t a r o t a t i o n  was 

a s c r i b e d  t o  t h e  r i n g  open ing  r e a c t i o n  ( l )  and t h e  r a c e -



1 3 1 ,

m i s a t i o n  t o  t h e  c o m p le te  rem ova l of t h e  c a r b o n a te  ( 2 ) ,

As in . t h e  s p e c t ro p h o to ro e t r ic  m easurem ents  t h e  r i n g  

open ing  r e a c t i o n  was tO(T f a s t  t o  m easure  a t  h ig h  te m p e ra ­

t u r e s .  The rate» c o n s t a n t s  f o r  t h e  r a c é m i s a t i o n  p r o ­

c e s s  w ere  c a l c u l a t e d  a s  on p ag e  101 , For th e  m uta­

r o t a t i o n  t h e  r a t e  c o n s t a n t s  were a l s o  o b ta in e d  g r a p h i ­

c a l l y  u s i n g  an, <D v a lu e  o b ta in e d  by t h e  e x t r a p o l a ­

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

r a c é m i s a t i o n .  T h is  was f i r s t  done by B a s o lo ,  M atoush

and P e a r s o n . G r a p h  10 shows t h e  f i r s t  o r d e r  r a t e  

p l o t  o f  t h e  lo g  o f  t h e  r o t a t i o n  a g a i n s t  t h e  t im e  t .

T a b le  10 shows t h e  o b se rv e d  f i r s t  o rd e r  r a t e  c o n s t a n t s  

f o r  t h e  r a t e  o f  l o s s  o f  o p t i c a l  a c t i v i t y .  Graphs 11 

and 12 show t h e  ch an g e  w i th  h y d r o x id e  c o n c e n t r a t i o n  o f

k r ,  nobs, and kr-, lObs. r e s p e c t i v e l y .
-^m t. ■‘r a c .

F o r  t h e  r i n g  open ing  s t a g e  o f  t h e  r e a c t  io n  t h e  

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

r a t e  c o n s t a n t s  a t  v a r i o u s  b a s e  c o n c e n t r a t i o n s  f o r  b o th  

s p e c t r o p h o to m e t r ic  and p o l a r i m e t r i c  r a t e s .  I t  w as 

a l s o  c a l c u l a t e d  from  t h e  secon d  o r d e r  r a t e  c o n s t a n t s .

I n  a l l  c a s e s  t h e  a c t i v a t i o n  e n e rg y  was found t o  be  

21*6 k i c a l s / m o l e .  The v a r i a t i o n  o f  t h e  seco hd  o rd e r

r a t e  c o n s t a n t  w i th  t e m p e r a tu r e  f i t s  t h e  A rrh e n iu s
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e q u a t io n :

; kg -  2 .9  z  10^5 e ■ 1 m o l e ' l  m in"^

W ith in  t h e  e x p e r im e n ta l  e r r o r  t h i s  i s  t h e  same a s  t h a t  

fo u n d  by F a r  ago 5^^^^

kg -  2 .6  1 0 ^ 5  e  ( " 2 2 .0 0 0 / g j j  1  m o l e ' l  mln"^

S in c e  t h e  i o n i c  s t r e n g t h  was no t t h e  same in  t h e  two 

s e r i e s  o f  m easu rem en ts ,  t h e  r i n g  open ing  m ust b e  in d e ­

p e n d e n t  o f  t h e  i o n ic  s t r e n g t h .

■ The a c t i v a t i o n  en e rg y  f o r  t h e  second  s t a g e  o f  

t h e  r e a c t i o n  was s i  so found t o  be  in d ep e n d en t  o f  b a s e  

c o n c e n t r a t i o n  and had  t h e  v a lu e  o f  29*4 k . c a l s / m o l e .

kj^ -  2*95 I  10^8 e  -2 9 ,4 0 0 /2 2  ]_ m ole"^  m in"^

R a te  o f  l o s s  o f  o p t i c a l  a c t i v i t y  i n  n e u t r a l  s o l u t i o n

The r a t e  o f  l o s s  of o p t i c a l  a c t i v i t y  was m easured  

a t  n e u t r a l  s o l u t i o n  b u f f e r e d  a t  pH 7 a t  room te m p e r a tu r e  

u s i n g  a  p e r c h l o r i c  a c id  c o l l i d i n e  b u f f e r .  No m u ta ro ta ­

t i o n  was o b se rv ed  b u t  a  s low  r a c é m i s a t i o n .  The r a t e  

c o n s t a n t s  w ere  e v a lu a t e d  g r a p h i c a l l y  by t h e  method u se d  

p r e v i o u s l y  and t h e s e  a r e  shown in  T a b le  H •
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/ TABLE 10.

Observed f i r s t  order ra te  conatants fo r  the m ta r o ta tlo n  
and rac end sat ion occurring durtn? the base h y d ro lysis  of

[CoengOO^]* ion

Tem pera- 
t u r 'e  Oq

[mon] N Complex Cone, 
m .mole l i t r e * '

krm -jObs.
. "'(mii'ka- 

r o t a t i o n  
m i n . - l

o b s .
 ̂ ■' ( r a c e m i -  

) s a t io n ^  
m i n . - l

66*8 0 .2 0 6 .9 1 0 .3 2 4
66*9 0.15 2 .5 7 0*284
66*9 0.10 6*64 .  0 .2 5 0
66*9 0 .0 5 7 .18 0*193
4 9 0 0.20 7 .7 7 1*176 0*0319
4 9 0 0.15 3 0 1 0 .9 2 0 0*0285
4 9 0 0.10 6 .3 5 0 .7 2 1 0*0245
4 9 0 0.05 ■ 6*64 0 .5 9 3 0 .0193
35.7 0.20 5 .26 0.224 0.00444
35*7 0.15 3-04 0.168 0*00404
35-7 0*10 4*78 0*130 0*00355
35*7 0.05 3 .3 9 ' 0*083 0*00289



O & S E t V E D  F l & S T  O R P E R  d B T E  C O N S T A N T S  FOR,
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1.1 -,

0.1 -

0.1̂ -

35.1

0 .0 5 0.10
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TABLE 11.

O bserved f i r s t  o rd e r  r a t e  o o n s t a n t s  f o r  t h e  l o s s  o f  o p t i c a l  
a c t i v i t y  o f  t h e  [OoengOO.]* io n  i n  n e u t r a l  s o l u t i o n

T em p era tu re
° c

Complex Cone, 
m.mole l i t r e * ^

k  o b s .  m in .“^

66* 8 3*75 0 .077 0

66*7 3*10 0 .076 2

4 9 .7 2.98 0 .0 1 0 6

49.5 3 .16 ' 0 .0 1 0 6

35.6 2 .2 2 0 .00141

35.6 1.36 0 .00152

The A r rh e n iu s  e q u a t io n  was found  t o  b e

-  1 .8 2  X e -27 ,0 00 /E T  ^ ^ o le  m in"^

DI3CIJSSI0H

1 .  S to ic h io m e t r y

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

u n d e r  t h e  c o n d i t i o n s  s t u d i e d  i s  g iv e n  b y :

[CoengCOj]* + 20H* -  c i s / t r a n s  [Coen2 ( 0H )2 ]* + 00^ 

W hile  f o l lo w in g  t h e  c o u r s e  o f  t h e  r e a c t i o n  s p e c t r o -

2-
(0



pilo t o m e tr ic  a l l y  i t  became c l e a r ' - t h a t  t h e  r e a c t i o n  f a l l s  

i n to  two d i s t i n c t  p a r t s ,  c h a r a c t e r i s e d  by an  i n i t i a l  

r i s e  i n  a b s o r p t io n  a round  3 0 ,0 0 0  cm ."^  (333 mjji )

fo l lo w e d  by a  d e c r e a s e .  T h is  was i n t e r p r e t e d  a s  a n
/

i n i t i a l  d e c h e l a t i o n  fo l lo w e d  by t h e  c o m p le te  rem o va l o f  

c a r b o n a t e ,

[CoeagCO,]* + 0H‘  -  [CoengCO^OH]® ( l )

[CoeagCO^OH]® + OH* -  c l s / t r a a s  [Coeag(QE)g]+ +

hue  t o  t h e  c h e l a t e d  n a t u r e  o f  t h e  c a r b o n a t e  i t  would b e  

e icpected  t h a t  t h e  c i s  d ih y d ro zo  io n  would b e  form ed i n i ­

t i a l l y  and t h i s  would isom er i s  e t o  form  th e  c i s / t r a n s  

e q u i l i b r i u m  m ix tu r e ,

c i s  [Coen2 (OH)2 ]* > t r a n s  [Coen2 ( 0H)2 ]^ (If)



Il^O

2 ,  The n a t u r e  o f  t h e  [Coen^CO^]* io n  i n  aqu eo us  s o l u t i o n

S in c e  t h e  c a rb o n a te  c h e l a t e  e x i s t s  a s  a  h i g h l y  

s t r a i n e d  four-m em bered  r i n g  i t  was th o u g h t  t h a t ,  i n  aq u e ­

ous s o l u t i o n ,  t h e r e  m i ^ t  be an e q u i l i b r i u m  w i th  t h e  non­

c h e l a t e d  form :

,0H2
• [enpCo C -  0]+ + HpO < " 1  [enoCo ]'*' (6 )

. 0 ^ 0  -  C -  0
10

[enpCoGO^HpO]'^ + HpO — - ■ > [engCoOECO^]^^ + 2^0+ (? )
*

T h is  would acc o u n t  f o r  s m a l l  ch an g es  i n  pH w hich  occur 

when t h e  complex i s  d i s s o l v e d ,

Work c a r r i e d  o u t  on t h e  c a rb o n a te  exchange r a t e  

can  be e x p la in e d  by  c o n s i d e r i n g  t h e  e q u i l i b r i u m  t o  be  

d o m in a n t ly  t o  t h e  r i g h t ,  i . e .  e x i s t i n g  i n  t h e  n o n - c h e la te d  

fo rm , When t h e  exchange e q u i l i b r i u m  f o r  t h e  

[Co(EH^)^CO^]t io n  was s t u d i e d ^ u s i n g  uncom plexed 

c a r b o n a te  l a b e l l e d  w i t h  c a rb o n  14 i t  was found t  h a t  t h e  

e q u i l i b r i u m  c o n s t a n t  was 0*875 a t  0 ° ,  T h is  d e v i a t i o n  

from  t h e  i d e a l  v a l u e  o f  u n i t y  was e x p la in e d  by assum ing 

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

c a r b o n a te  on c h e l a t i o n .  However, i t  was fo u n d (149)
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t h a t  f o r  t h e  [CoenpCO^]* io n  t h e  exchange e q u i l i b r i u m  

was o n ly  s l i ^ t l y  l e s s  t h a n  one ( 0 . 9 9 ) .  The v i b r a t i o n a l  

f r e q u e n c e s  ap p ea r  t o  be  u n m o d if ie d ,  s u g g e s t in g  t h a t  t h e r e  

i s  no o ü e l a t i o n  o f  t h e  c a r b o n a t e .  T h is  i s  t h e  same r e ­

s u l t  a s  f o r  t h e  [ C o ( M ^ ) ]'*’ io n ,^ ^ ^ )  t h e  n o n - c h e l a t e d  

c a r b o n a te  g rou p  b e in g  a lm ost i d e n t i c a l  s t r u c t u r a l l y  w i t h  

a  f r e e  c a r b o n a t e  io n ,  ’

S c h e id e g g e r  and Schwarzenbach have  p o i n t e d  ou t^^^^^  

t h a t  t h e  u n c h e l a t e d  com plex must be a b l e  t o  a c t  b o th  a s  a  

p r o to n  donor and p r o to n  a c c e p t o r .

enp Co
OH

\ oco,

+H'
-H+

en^Co
2 N

y ) H g

oco,

+H
- B + en^Co

\ OCOgE

2+

(8 )

By a d d i t i o n  o f  a c id  and a l k a l i  i n  a  f lo w  a p p a r a tu s  t h e  

complex was sho\m  t o  be  a p r o t i c  be tw een  pH 3 and pH 1 1 , 

R e ad in g s  w ere  t a k e n  a f t e r  5 x  10”^ s e c s ,  w hich  i s  s u f f i ­

c i e n t  t im e  f o r  e q u i l i b r a t i o n  o f  r e a c t i o n s  in v o lv in g  p r o ­

t o n s  b u t  i n s u f f i c i e n t  t im e  f o r  d e c o m p o s i t io n  t o  s e t  i n .  

T h e r e fo r e  t h e  complex must e x i s t  i n  t h e  c h e l a t e d  fo rm  a t  

20° . ■ I n  t h e  c o u r s e  o f  t h e  p r e s e n t  w ork , i . e .  t h e

change  in  r a t e  o f  t h e  r i n g  open in g  r e a c t i o n  w i th  change



i n  b a s e  c o n c e n t r a t i o n  ( r e a c t i o n  2 ) ,  i t  was fo u n d  t h a t ,  

a t  t e m p e r a t u r e s  g r e a t e r  t h a n  25° ,  t h e  r i n g  o p en ing  r e ­

a c t i o n  do es  t a k e  p l a c e  i n  n e u t r a l  s o l u t i o n s ,  page  H i . 

A d d i t i o n a l  e v id e n c e  was o b ta in e d  by t h e  i n c r e a s e  in  

a b so rb a n p e  around  3 0 ,0 00  cm.*"^ o f  a  n e u t r a l  s o l u t i o n  

of. t h e  complex on h e a t i n g .  On c o o l in g  t h e  a b so rb a n c e  

d e c r e a s e d  b u t  t h e  o r i g i n a l  sp e c tru m  was no t r e a t t a i n e d  

showing t h a t  some r e a c t i o n  h a d  t a k e n  p l a c e .

S in c e  t h e  m easurem ents  o f  - S h e id eg g e r  and 

Schwarz enbach  w ere  c a r r i e d  out a t  20° no r e a c t i o n  or 

r i n g  op en ing  would be  e x p e c te d  t o  t a k e  p l a c e .

The exchange  e q u i l i b r i u m  c o n s t a n t  o f  t h e  

[CoenpCO^]"^ io n  w i th  uncom plexed c a r b o n a te  l a b e l l e d  

w i th  c a rb o n  14 a t  25° i s  0*99 , w h ich  i s  h i ^ e r  th a n  

m igh t be e x p e c te d  assum ing  an a lm ost  c o m p le te ly  c h e l ­

a t e d  form  a t  25° .  E or t h e  [Co(2H^)^C0^]'*’ io n  t h e  

exchange e q u i l i b r i u m  i s  0 .8 7 5  a t  0.0® and 0*999 a t  

3 0 . 0 t h e  i n c r e a s e  w i th  t e m p e r a tu r e  b e in g  due t o  t h e

p r e s e n c e  o f  some un c h e l a t e d  com plex , t h e  e q u i l i b r i u m  

b e in g  g o v e rn ed  by  t h e  t e m p e r a tu r e .

S e v e ra l  d i f f e r e n t  r e a c t i o n s  c a n  be  r e s p o n s i b l e  

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

t i o n s :
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„ / ° \ ceripCo C 0 + HpO 4 . i
/ ^ 2

enpCo
\ 000,

+H‘

OH
/

enpt*
V000;

(9 )

enpCo"^ ^ 0  » 0 + 2Hp0 4- enpOo
/

OH

\ OCO.
+ HjO* (10 )

/ ° \eiipCo .0 = 0 + 2Hp0 engOo
yOHp

\ OOOpH
(11)

A s o l u t i o n  o f  t h e  o p t i c a l l y  a c t i v e  [OoengCOo]

io n  u n d e rg o e s  l o s s  o f  o p t i c a l  a c t i v i t y  i n  aqueous s o l u ­

t i o n ,  • As w e l l  as  t h e  r a c é m i s a t i o n  o f  t h e  ( - )  [OoenpOO^ 

io n  o th e r  p r o c e s s e s  in v o lv in g  a l l  t h e  s p e c i e s  in  s o l u t i o n  

r e s u l t  i n  t h e  l o s s  o f  o p t i c a l  a c t i v i t y .
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3 .  The a c i d  h y d r o l y s i s  o f  t h e  [CoeiipCQ^]^ Io n

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

been  s t u d i e d  s p e c t r  o p h o to m e tr ic  a l l y  i n  t h e  pH

r a n g e  2*4 t o  3*0 and a s  a  r e s u l t  o f  t h e s e  m easurem ents  

i t  was p o s t u l a t e d ,  t h a t  t h e  r e a c t i o n  may go t h r o u ^  one 

o f  t h e  f o l lo w in g  r e a c t i o n  p a th s :

[C oengC O jP  + HgO ------------- - )

[CoengCO.H]^'^ + HgO --------------- )

[CoengCO^H]^'^ +  >

A l t e r n a t i v e l y  i t  was s u g g e s te d  t h a t  b o th  t h e  p r o to n a t e d  

and u n p r o to n a te d  form s a r e  p r e s e n t  i n  s i g n i f i c a n t  co ncen ­

t r a t i o n s  w i th  a  r a p i d  e q u i l i b r i u m  b e in g  m a in ta in e d  b e ­

tw e en  t h e  two:

[C oengC O j]* + ç = *  [CoengCO + HgO

o th e r  work done '  * over  a  l a r g e r  pH r a n g e

(1  t o  5) r e s u l t e d  in ^ p r o p o s a l  o f t h e  f o l lo w in g  mechanism:
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[CoeiigCO jP + HgO [Coeng(HgO)(OCOg) ]* ( l )

[CoeagfHgOjfOCOg)]* + [Coeng(HgO) (OCOgH) V k

(2)
[Coeng(HgO)(OCOg)]+ + HgO -----------»[Coeng(OH)(EgO)]2+ + ECO,*

%2
[C o e H g (H g 0 ) (0 0 0 g E ) ]2 +  + H gO -------- > [C oeng(H gO )g]3+  + ECO-'

[C o e n g (H g 0 ) (0 C 0 g H )]2 +  + E^0+--------? [ O o e n g ( E g O ) g ] ? +  + HgCO,

T h is  i s  s i m i l a r  t o  t h e  f i r s t  r e a c t i o n  scheme e x c e p t  f o r  

t h e  a ssu m p tio n  o f  t h e  o pen in g  o f  t h e  c a r b o n a te  c h e l a t e  

by  th e -  i n c l u s i o n  o f  a  w a te r  m o le c u le .  I f  i t  i s  a c c e p te d  

t h a t  t h e  e q u i l i b r a t i o n s  o f  r e a c t i o n s  ( l )  and (2 ) a r e  v e r y  

r a p i d  a s  compared t o  t h e  a q u a t io n s ,  th e n  t h e  t o t a l  r a t e  

c o n s t a n t  i s  g iv e n  by :

kgK + kg(E~^) + k^(H"^)2

^  ’  K + (H+)

w here  K i s  t h e  e q u i l i b r iu m  c o n s t a n t  f o r  r e a c t i o n  ( 2 ) ,

T h is  h a s  b een  e v a lu a t e d  w i th  t h e  a id  o f  a  com puter  and 

found  t o  f i t  t h e  o b se rv ed  r a t e  c o n s t a n t s .

Very much more r e c e n t l y  a  s l i g h t l y  d i f f e r e n t  

mechanism r e s u l t i n g  i n  t h e  same r a t e  law  h as  been  s u g g e s te d :
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[CoengCO,]+ + OH* ? i  [CoengOHCO^]®

[CoengOHCO^]® + E* ( > [CoeagOECO-E]*

[CoengOEGOjH]* + HgO [CoengOH(EgO)]2+ + ECO," 

i  [Coeng(Hg0)C0-E]2+ V k g[CoengOHCO^E]'*’ + H* f

f c .

[C oen,(E oO )C O ,H ]2+  + h „0
‘ 2 '“ 2 [Coeag(EgO)g]3+ + HCO^* ,

[Coeag(EgO)COjE]2+ + E ^ 0 + - ---------- i[C oeag(EgO )]3+  + HgCO^

+ i 2
r a t e

k^Eg + kg[S+ ] + kg[E +] 

KgKg + [H+]

w here  -  [E+] [OE*]

The a s su m p t io n  i s  t h a t  t h e  h i c a r h o n a t o  s p e c i e s  i s  much 

more r e a c t i v e  t h a n  t h e  c a r b o n a te  s p e c i e s .

The r a t e  c o n s t a n t s  k ^ ,  k p ,  and k^ w ere c a l c u l ­

a te d  from  t h e  r a t e  e q u a t io n  u s i n g  t h e  o b se rv ed  h y d r o l y s i s  

r a t e  and t h e  v a lu e s  o f  t h e  e q u i l i b r i u m  c o n s ta n t s - K q , 

and Kp fo u nd  by  S c h e id e g g e r  and Schw arzenbach .

The r  a t  es o b ta in e d  w ere  fo und  t o  be  v e ry  s i m i l a r  t o  t h o s e  

fo u n d  by H a r r i s  and S a s t r i . ^ ^ G )  Also t h e  v a l u e s  o f
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and kg a r e  i n  r e a s o n a b le  ag reem ent w i th  t h e  a n a lo g o u s  

h y d r o l y s i s  r a t e  c o n s t a n t s  f o r  [Co(l3H^)

S c h e id e g g e r  and Schwarz enbach  exam ined

t h e  sys tem  by c a r r y i n g  o u t  t h e  a c id  b a s e  t i t r a t i o n s  u s i n g  

a  f lo w  a p p a r a tu s .  I n  t h i s  way th e y  found  t h a t  t h e  p r o ­

t o n s  i n i t i a l l y  a t t a c k  t h e  hydroxo l i g a n d  and s u b s e q u e n t ly  

a t t a c k  t h e  c a r b o n a te  l i g a n d .  I n  a c id  s o l u t i o n  t h e  

i n i t i a l  r e a c t i o n  in v o lv e s  a t t a c k  by w a te r  on th e  c o b a l t  

w h i l s t  i n  a l k a l i n e  s o l u t i o n  t h e  i n i t i a l  a t t a c k i n g  s p e c i e s  

in v o lv e s  t h e  h y d ro x y l  io n .

T he r in g  o p e n in g  r e a c t i o n

[CoengCOj]* + OH*----------) [CoengCO^OIl] o

D u rin g  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  r a t e  o f  

r i n g  opening  and t h e  r a t e  of m u ta r o t a t i o n  w ere  found  t o  

b e  i d e n t i c a l  i n d i c a t i n g  t h a t  t h e  r a t e  o f  change  of o p t i c a l  

a c t i v i t y  i s  due t o  t h e  r i n g  o p e n in g .  T hus, t h e  r e a c t i o n  

must t a k e  p l a c e  w i th o u t  e x te n s iv e  r e a r r a n g e m e n t ,  a l th o u g h  

t h e r e  may be some fo r m a t io n  o f  t h e  ra c em ic  io n .  Under 

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

be tw een  p a r t i a l  r a c é m i s a t i o n  and co m p le te  r e t e n t i o n .

S in c e  t h e  i s o m é r i s a t i o n  r e a c t i o n

c i s  [ C o e n p C O ^ O H ^  zi t r a n s [CoeUpCOoOH
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h a s  b een  show n t o  h a v e  a  h a l f - l i f e  o f  a b o u t n in e  d a y s  

i t  i s  n o t s i g n i f i c a n t  in  t h e  p r e s e n t  i n v e s t i g a t i o n .

The grap h  o f  a g a in s t  added h y d r o x id e

c o n c e n t r a t io n  (p a g e  111 ) shows t h a t  t h e r e  i s  on e r e ­

a c t i o n  p a th  f i r s t  ord er  in  h y d r o x id e .  At lo w  c o n c e n tr a ­

t i o n s  a  d e p a r tu r e  from  l i n e a r i t y  o c c u r s  i n d i c a t i n g  some 

o th e r  r e a c t i o n  p a t h .  I f  a r e a c t i o n  i n v o l v in g  a  n e u t r a l  

s p e c i e s  was o c c u r r in g  s im u lt a n e o u s ly  w it h  a  b a s e  c a t a l y s e d  

r e a c t i o n  i t  w ould  o c cu r  a t  a l l  b a s e  c o n c e n t r a t io n s  and an  

i n t e r c e p t  g i v i n g  t h e  n e u t r a l  r a t e  w ou ld  b e  fo u n d . S in c e  

no su c h  i n t e r c e p t  i s  fo u n d  t h e  d e p a r tu r e  from  l i n e a r i t y  

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

e q u a t io n s  on p a g e  1 , b u t t o  a n  a c id  s p e c i e s  s i n c e  

t h e  d e p a r tu r e  from  a se c o n d  o rd er  r a t e  d e c r e a s e s  w i t h  i n ­

c r e a s e  in  b a s e  c o n c e n t r a t io n .  An a c id  c a t a l y s e d  p a th  

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

[C oengC O ,]*  + [CoengCO H j0 ] 2 +

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

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



'VV

M e c h a n is t lo  c o u r s e  

B ase  c a t a l y s e d  p a th

a) C o b a lt-o x y g en  bond f i s s i o n

C o b a lt-o x y g en  bond f i s â i o n  h a s  b e en  p o s t u l a t e d  

by  Taube  ̂ and more r e c e n t l y  by  E ar ago and can  b e

e x p la in e d  on t h e  b a s i s  o f  an  3^1 CB mechanism.

f a s t
[CoengCOj]* + OH" «- ‘ [Coen(en-H)COj]® + HgO

slow  0
[Ooen(en-HXCO^]°  ) [C oen(ea-H )fO  ]

[Coen(en-H)CO,]® + HgO  } [CoengCO,OH]°
f a s t

E a r  ago h a s  p r e v i o u s ly  found  t h a t ,  w i t h  i n ­

c r e a s e  i n  b a s e  c o n c e n t r a t i o n ,  t h e  r e a c t i o n  r a t e  becomes 

in d e p e n d e n t  of b a s e  Which i s  e x p e c te d  i f  a n  S^^l CB mecha­

n ism  i s  o p e r a t i v e .

Graph 4 (p a g e  ) shows t h a t  t h e r e  i s  a  l a r g e

i n i t i a l  d e c r e a s e  i n  a b s o r p t io n  i n  t h e  u l t r a v i o l e t  sp ec tru m  

w i th  t h e  maximum becom ing l e s s  p ronounced  and s h i f t i n g  v e r y  

s l i g h t l y  t o  lo n g e r  w a v e le n g th .  The two p o s s i b l e  e x p la n a ­

t i o n s  a r e  e i t h e r  r a p i d  p r o to n  rem o v a l  w i th  t h e  f o r m a t io n  

o f  t h e  c o n ju g a te  b a s e  or r a p i d  io n  p a i r  f o rm a t io n .  R ap id  

p r o t o n  rem oval r e s u l t s  i n  a  d e c r e a s e  i n  a b s o r p t io n  and a
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s h if t  in  maximum absorption to  longer wavelength• Ion 

p air  formation r e su lts  in  an increase in  absorption  

with the maximum again being sh ifte d  to  longer wavelength. 

Since a decrease in  absorption i s  found a rapid proton re ­

moval i s  more l ik e ly ,  supporting an S^l CB mechanism.

A decrease in  th e  .absorpt ion spectrum of the complexes 

[[P t(ie^ )g ]C l^ , [PtCEHjï^ClJClj, [Pt(m^)^OH]Cl^ and 

[Pt(IIH^)^(0H)2 ]Gl2 on the addition o f sodium hydroxide 

has been accounted for  in  th is  way.^^^^)

In the Sjjl CB mechanism th e  rapid form ation of 

th e  "Conjugate base i s  follow ed by the slow ra te  d eter­

mining d ech elation  of the carbonate group to  form the  

monodent ate chelate* The formation o f  the conjugate

base i s  accompanied with rearrangement to  form a f iv e  

coordinate tr ig o n a l bipyramid.

= 0

) racém isation

—pretention + trans
0

The two p o ssib le  interm ediates are shown, one 

lead ing  to re ten tio n  and trans configuration  end th e  

other leading to  racém isation . The interm ediate leading
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to  trans configuration  would be more sta b le  s in c e  th e lon e  

pair of e lectron s on th e  oxygen attached to the cob a lt may 

be p a r t ia l ly  donated in to the cobalt &%2_y2 o r b ita l pro­

v id in g  the donor group i s  in  the xy p lane. Since the  

rea ctio n  i s  known to  go with re ten tio n  o f  con figuration  

(p a r t ia l or complete) th ere  must be p r e fer en tia l attack  

at the same p o sit io n  as d ech ela tion , t o  obtain th e observed 

con figuration  and a lso  to  account fo r  the la c k  of trans 

isomer. This p re fer en tia l attack  could r e su lt  in  an 

process rather than a pure D process (page 11 ) .  In­

stead of the d is so c ia tio n  o f the conjugate base being un­

a ffected  by environment as in  a D p rocess, i t  i s  a ss is te d  

by the entry of water in  an I^ p rocess, although th e  a c t i ­

va tion  energy is  s t i l l  la r g e ly  governed by th e  d i s s o c ia - ■ 

t io n .  The degree of bond breaking in  the tr a n s it io n  

s ta te  is  s t i l l  more important than that of bond making.

A ltern ative ly  th e  i n i t i a l  change in  the u ltr a ­

v io le t  spectrum shown in  graph 4 (page \\% ) could be

explained by the rapid formation of a rea ctiv e  ion pair  

sp e c ie s , although an increase in  absorption would be ex­

pected whereas a decrease is  found.

[CoenoCO,]* + OH"  ) [Coen-CCLj+.OH"
 ̂ fa s t

[CoengCOj]*. OH- ----------- ) [CoenpCO OHj®
slow ^
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îTo change in ra te  was found when sodium per­

ch lora te  was replaced hy sodium ch loride showing that 

th ere  are no sp e c if ic  anion e f f e c t s .

R etention of configuration  may he due to  attack  

on a te tragon a l pyramid interm ediate. This i s  u n lik e ly  

sin ce  the s ta b i l is a t io n  induced by the formation of an 

amido base r e su lts  in  th e  tr ig o n a l bipyramid interm ediate  

s in ce  the amido n itrogen  must be in the same tr ig o n a l 

plane as the vacant o rb ita l on the co b a lt.

C - 0 OH
OH

An il^2 mechanism with c i s  attack  adjacent to  

th e  carbonate would a lso  exp lain  the re ten tio n  of con- 

f  i;gurat ion.

C- O

Oh
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An S^2 mechanism and trans attack  is  not prohibited  and 

would r e su lt  in the production of both c is  isomers and 

th e  trans isom ers. S p ecific  attack  in  a c i s  p o s it io n  

i s  l ik e ly  due to  hydrogen bonding between the carbonate 

and the solvent water.

b) Carbon-oxy^en bond f is s io n

Garb on-oxygen f i s s io n  has been shown to  take 

p lace  during the d ech elation  of the oxa late ligand.^^^^)

-  C

0 -

Several factors favour carbon-oxygen bond f is s io n ,  

The inductive e f fe c t  o f th e  carbonyl group renders the  

carbon e le c tr o p o s it iv e  and thus l ia b le  to attack and a lso  

th e carbon i s  more a cc ess ib le  than th e  c o b a lt . As th ere  

i s  no metal ligand bond f i s s io n  there i s  no stereo  change.

- 0 - 0
• ©

0

A lim it in g  ra te  at high hydroxide concentrations
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i s  u n lik e ly  i f  the reaction  proceeds by hydroxide attack  

on carbon g iv in g  carbon-oxygen bond f i s s io n .  The de­

ch e la tio n  during the acid  h yd ro lysis of the [Co(î3ïï^)^C0^J"*” 

has been shown to  proceed by cobalt-oxygen bond

f i s s io n .  I t  is  u n lik e ly  that carbon-oxygen bond f i s s io n  

occurs in the present con text.

Conclusion

The reaction  proceeds by a mechanism involving  

cobalt-oxygen bond f i s s io n .  This can e ith er  be an S^l CB 

or Ŝ j2 ion pair mechanism.

Acid Catalysed Path

As sta ted  on page the most l ik e ly  s to ic h io ­

metry c o n s is ts  of an equilibrium

[CoengCO,]* + [CoengCO^H]^* + S^O

The actu a l dechelation  takes p lace by two d iffe r e n t  pro­

c e s s e s .
[CoengCOj]* +----------- ----------»[Coen2C02S20]2+

[Coen2C0jH]2+ + SgO ---------- )[Coen20CyH.H20]2+

o r  [OoeB^CO^H]^* + H^O  ^[CoengCO^H H^O]^
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Again there are the two p o s s ib i l i t i e s  for the p o s it io n  o f  

bond f is s io n .  I f  the rea ctio n  proceeds in  a sim ilar  

fash ion  to  the acid hydro lysis of th e  [Co(12I^)^C0^]'*’ ion  

then  a cobalt-oxygen bond is  broken, (see  page ) .

en g C o  \ C « OÏÏ 

0 " ^

In keeping with other acid h yd ro lysis  p rocesses a slow  

d is s o c ia t iv e  process i s  follow ed by the rapid addition  

o f water.

Second stare of the base hydrolysis  

Published r e s u lts  on th is  reaction

Previous spectrophotom etric measurements 

were carried  out at 30,000 cm.~^ Higher hydroxide con­

cen tra tion s were used, the f in a l  product formed being the  

c i s  [CoengCOH)^]'  ̂ ion . The reaction  was found to  be 

f i r s t  order with respect t o  hydroxide throughout th e  tom- 

p^^a%re- range studied  (3*71 M to  0*276 M) and the v a r ia ­

t io n  of the ra te  constant with temperature f i t t e d  th e  

Arrhenius equation:

1*9 X 10^^ g-24 ,000 /R T ^^g^^g  m ln ,~ ^

The rea ctio n  was suggested to  occur w ith car bon—oxygen bond

kp

f i s s io n .
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H esults in  the present work

The observed f i r s t  order r a te  con stan ts at 

1 9 ,2 3 0  cm*  ̂ do not show a f i r s t  order dependency on 

th e hydroxide concentration  except over a very lim ited  

range, graph 9 , page 11% • A n eutra l ra te  was obtain ­

ed. ‘/iTith increasing base concentration  a f i r s t  order 

ra te  was very  soon superseded by a ra te  independent o f  

hydroxide concentration . (0*167 N at 53°)* In a l l  

ca ses the c is /t r a n s  equilibrium  mixture of th e  product 

ion , [Coen^tOE)^]^, was obtained.

In the previous measurements at 30,000 cm.~^ a 

f i r s t  Order ra te  was found. R eactions carried  out
-I

under id e n tic a l cond itions at 19,230 cm* and 30,000 cm.~ 

confirmed that the measured ra te  i s  dependent on the wave­

len g th . The ra te  measured at 30,000 cm.“  ̂ was consider­

ably slower than that measured at 19,230 cm.“^, as has 

been found p rev iou sly . ^

The rea ctio n  path prev iously  postu la ted  by 

Par ago w i l l  be operative and be the dominant rea ctio n

path at high base concentrations. At low base concen­
tr a t io n s  other sp ec ies w i l l  be present in  so lu t io n  wnich 

cannot be detected  s p e c t r ophotom etrically but w i l l  pro­
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vid e a lter n a tiv e  rea ctio n  paths. Since th ere  i s  a lso  

a n eu tra l ra te  th e  fo llow in g  rea ctio n  paths are p o l lu t e d  

t o  occur w ith both carbon-oxygen and cobalt-oxygen  bond 

f i s s io n .

[CoengCOjOHjO + HgO ----- ----- )[C oen2(H 20)0S]2+  + C 0 -^“

[CoengCCyB^O]* + OH"  -------- > [Coeng(H20)0H] cO-^-

[CoengOHOCO H]"^ + OH" ------------> [ C o e n 2 ( 0 a ) 2 ] 2 +  +HCO^^"

These sp ec ies  only d if fe r  in the p o s it io n  o f the proton.

At low base concentrations it  i s  p o ss ib le  t o  have 

more a c id ic  sp ec ies and th e  same rea ctio n  paths which are 

p ostu lated  under acid h yd ro lysis  (page \\\^  ) are p o ss ib le

s in ce  an in tercept is  obtained on the ra te  a x is  when th e  

hydroxide concentration  i s  zero.

S ter ic  course

The ra te  of lo s s  of o p tic a l a c t iv i t y  was fcund 

to  have a d iffe r e n t v a r ia tio n  with base than the spectro- 

photometric ra tes  ( Graph 12, page ) and a lso  to  be .

s l ig h t ly  slow er. This favours the reaction  path in ­
vo lv in g  carbon-oxygen bond f i s s io n  as t h is  must n e ce ssa r ily

go with re ten tio n  o f  con figu ration . -Lhe a ctiv a tio n
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energy was a lso  found to be g r e a te r . The ra te  of lo s s

o f o p t ic a l  a c t iv i t y  does not proceed by th e  same mechanism

as th e  base h y d r o ly s is . As suggested  by H arris i t
tkak

would appear^there are a v a r ie ty  o f sp ec ie s  present which 

are racem ising , isom erisin g  and decomposing with s t e r ic  

change by various independent rea c tio n  p ath s. The 

fo llo w in g  r e a c tio n s , each con tr ib u tin g  to  the in a c t iv e  

so lu tio n  are suggested:

(-OfCoengCCyOajO ( > ( + )[C oe ii2G030H ]°

(-)[Coen2C0^0H]° + OH"--------> ( f ) [ 00 0 02 ( 05 ) 2 ]+ + CCy^-

( - ) [ 000 02 0 03 0 5 ] °  + HgO  »(+)[Co©D2 (H2 0 ) 0H]+ + 0 0 3 ^ -

( - ) [C o0O 2(oh)2 ] ( —( + ) [ 0 O0O2 ( o h ) 2 ]+

Conclus ions

At low base con centration s sev era l rea c tio n  

paths are resp o n sib le  fo r  th e form ation o f  the c i s / t r a n s  

equilibrium  m ixture o f the product io n , [Co©n2 (CH)2 ] ’*’ ♦

The ra te  of lo s s  of o p tic a l a c t iv i t y  i s  found t o  have a 

higher a c t iv a t io n  energy and to  be slower than th e  base 

h y d ro ly s is  showing th a t rea c tio n s  are resp o n sib le  fo r  

th e  ra te  of lo s s  o f o p tic a l a c t iv i t y  which are not
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r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  p r o d u c t  i o n .

At h i g h  b a s e  c o n c e n t r a t i o n  t h e  d o m in a n t  r e ­

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

c a r b o n - o x y g e n  bond f i s s i o n .
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3 .  T H E  B A S E  H Ï E E 0 I Ï S I 3  O F  T H E  C I S  [ C o e n g C g O . ] *  l O I I

a )  SuQctrOT^hotOTCetrlo Tueasurerrants on th e  base h y d ro ly sis  
o f  th e  [Coen^CgO. ]+ io n

B t  olchlom etry

As i n  t h e  c a è e  o f  t h e  [Coen^CO^]* i o n  t h e  r e ­

a c t i o n  w as fo u n d  t o  t a k e  p l a c e  i n  tw o  s t a g e s ,  an  i n i t i a l  

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

p l e t e  r e m o v a l .  T he c i s  [C o en 2 (C H )2 ]^  i o n  i s o m e r i s e s  

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

i s o m e r s  i s  fo r m e d .

[C oengC gO ^]* + OH" ---------> [CoenjCjO^OH]®

[CoengCg^O^OH]" + OH" --------- , o lsE C oen gC O H lg]*  + CgO^^"

e ls [C o e n g C OH)g ]+t=  tr a n s [C o e n 2 (O H )g 3 +

At lo w  t e m p e r a t u r e s  t h e  l a s t  tw o  r e a c t i o n s  a r e  i n s e p a ­

r a b l e .

G e n e r a l  m ethod o f  m easurem ent

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

[Coen^CO^]^ i o n .  The b a s e  c o n c e n t r a t i o n s  e m p lo y ed  

w e r e  h i g h e r  r i s i n g  t o  a  maximum o f  3 * 4  The i o n i c
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stren gth  was kept constant w ith sodium ch lo r id e  at 

3*4 Sodium n itr a te  and sodium d ith io n a te  were

both tr ie d  and found to  have an in h ib it in g  e f f e c t  on 

th e  r e a c t io n . Graph 13 shows the spectrophotom etr ic  

changes which occur during th e r e a c t io n .

Temperature co n tro l

Por tem peratures above 20° th e  same method was 

used as fo r  th e  [CoeugCOy]^ io n . Below 20° a methanol 

therm ostat was used with a heat exchanger f i l l e d  w ith  

drikold^ At tem peratures below 5° n itrogen  was passed  

through th e  c e l l  compartment to  prevent condensation .

P ir s t  sta g e  o f th e  t r a n s i-t-i-en

[C oengC gO ^]* '+ OH" ---------- » [CoengCgO^OHjo

This i s  ch a ra cter ised  by an in crea se  in  absorp­

t io n  around 30,000 cm.”  ̂ This in crease  i s  s l i ^ t ,  

th e  production o f th e  maximum o p t ic a l d en sity  being  

much fa s te r  than fo r  [Coen^CO^]^ io n . Graph 14 shows 

th e  changes in o p tic a l d en sity  over th e  f i r s t  ten  minutes 

o f th e  re a c tio n  at 33,000 cm.“  ̂ at variou s tem peratures. 

The ra te  con stan ts were ca lcu la te d  by th e  Guggenheim 

method (page 1\5 ) u sin g  th e  changes in  o p t ic a l den­

s i t y  at 33 ,000 cm .“  ̂ Graph 15 shows a sample
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Guggenheim p l o t .  • I n  g e n e r a l  t h e  e r r o r s  p r e s e n t  i n  t h e  

r a t e  c o n s t a n t s  g i v e n  i n  T a b le  11. a r e  l a r g e l y  due  t o  

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

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

At 3*33 N sodium hydroxide th e  v a r ia t io n  in

r a te  constant w ith tem perature f i t s  th e  Arrhenius

equation :

■ .k^  .  1 . 2  X 10^3 ^ -1 7 .7 0 0 /E T  ^ ^ - 1

kg -  3*6 X lO^Z 3 - 1 7 , 700 /ET m l n . ' l

Second stage  of th e  rea ctio n

[CoengCgO ^O H ]®  + O H " -------------> o l s E C o e n g C O H ) ^ ] *  +

nlafCoaiigCOH) 2 V  [ > tT an 8 [C o en g (0 H )g ]+

T h is  i s  c h a r a c t e r i s e d  by  a  d e c r e a s e  i n  a b s o r p -  

t i o n  a ro und  3 3 ,0 0 0  cm ."  and i s o s b e s t i c  p o i n t s  a t  2 6 ,6 0 0 ,

2 2 ,2 5 0  and 1 9 ,2 0 0  cm."3-

The products of the re a c tio n  (e ith e r  th e  c i s  or 

c is / t r a n s  dihydroxo ion s) vary w ith the rea ctio n  condi­

t io n s  u sed . The measured e x t in c t io n  c o e f f ic ie n t s  are  

shown in Table l i  . IL]] .
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TABLE II.

Observed f i r s t  order r a te  con stants and second order ra te  
con stan ts fo r  th e  f i r s t  sta.^e o f th e  h y d ro ly sis  of th e

[CoengCgO^]^ ion

T eiripera ti ire

°C

NaOH

IT

k [ l ]  o b s . kgCdot.)

25.0 *3*398 1 .5 1 1  -  1*241 0*321

2 -6 6 7 0*965 -  0*702 0*313

2 0 .0 3*333 0*635 -  0*588 0*184

2 .6 6 7 0*293 -  0*257 0*136

1 0 .0 3*333 0*283 -  0 .2 1 5 0*075

2 .6 6 7 0 .2 1 5  -  0*185 0*075

8 .0 3*333 0*223 -  0*186 0*062

3*000 0*149 -  0*130 0*047

2 .6 6 7 0*058 -  0 .0 5 2 0*021

4*0 3*333 0 .1 2 9  -  0 .1 1 6 0*037

2 .6 6 7 0 .1 1 3  -  0 .0 7 3 0*035

2 .0 0 0 0 .0 3 4  -  0*030 0*016
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TABLE \l

E x t i n c t i o n  c o e f f i c i e n t s  f o r  t h e  [CoengCgO^]*, c i s  

[C oen2 ( 0H)g]"^ and c i s / t r a n s  e q u i l i b r i u m  [CoengCOE)^]* io n s

Wave- Wave­ E x t i n c t i o n  C o e f f i c i e n t s
numb e r
o m . - i

l e n g t h  
m ^

[CoengCgO^]^ cisCCoen^C OH)^]^ c i s / t r a n s  . 
[Coen^COH)^]

3 3 ,0 0 0 303 115 50 44

2 0 ,0 0 0 500 113 85 65

The v a l u e s  o b ta in e d  a t  2 0 ,0 0 0  cm*“ ^ a g r e e  v /ith
( PL1 ( Pl^t h e  l i t e r a t u r e  v a l u e s .  '  B je rru rn  and H asm ussen

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

t h e  n e a r  u l t r a v i o l e t  a r e  t o o  h i g h  w h ich  i s  p r o b a b ly  due 

t o  s m a l l  am ounts o f  u l t r a v i o l e t  a b s o r b in g  b i p r o d u c t s .  

B e c a u se  o f  t h i s  t h e  e x p e r i m e n t a l l y  o b t a in e d  f i n a l  e x t i n c ­

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

E i r s t  o r d e r  r a t e  c o n s t a n t s  w ere  c a l c u l a t e d  i n  t h e  same 

way u s e d  f o r  t h e  [Coen^CO^]* i o n ,  p a g e  113 . Graph 16

allows one o f  t h e  f i r s t  o rd e r  r a t e  p l o t s .  The r a t e  c o n ­

s t a n t s  found  a r e  shown i n  T a b le  I • The t a b l e  a l s o  

shows w h e th e r  t h e  p r o d u c t  c o n s i s t s  o f  t n e  c i s  iso m er  or 

t h e  e q u i l i b r i u m  m ix t u r e  o f  t h e  c i s  and t r a n s  i s o m e r s .

The n a t u r e  o f  t h e  p r o d u c t s  d e p e n d s  on t h e  r e l a t i v e  r a t e
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o f  t h e  l o s s  o f  o x a l a t e  com pared  t o  t h e  c i s / t r a n s  i s o m é r i ­

s a t i o n  r a t e .  The r a t e  o f  l o s s  o f  o x a l a t e  i s  d e p e n d e n t  

■"on t h e  b a s e  c o n c e n t r a t i o n  w h e re a s  t h e  i s o m é r i s a t i o n  i s  

i n d e p e n d e n t .  T h e r e f o r e  c i s / t r a n s  e q u i l i b r i u m  m ix t u r e s  

a r e  o b t a i n e d  when t h e  r a t e  o f  l o s s  o f  o x a l a t e  i s  s lo w , 

i . e .  a t  low  t e m p e r a t u r e s  and b a s e  c o n c e n t r a t i o n s .  At 

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

mer i s  o b t a i n e d .  T h is  i s  i l l u s t r a t e d  i n  t h e  A r rh e n iu s  

p l o t s  shown i n  Graph 1 7 .  The a c t i v a t i o n  e n e rg y  i s  

in d e p e n d e n t  o f  t h e  b a s e  c o n c e n t r a t i o n  above  IE  EaOH w i t h ­

i n  t h e  e x p e r im e n ta l  l i m i t s  and h a s  a  v a l u e  o f  15*3 k .  

c a l s / m o le . The v a r i a t i o n  o f  t h e  f i r s t  o r d e r  r a t e  con­

s t a n t  w i th  t e m p e r a t u r e  f i t s  t h e  A r r h e n iu s  e q u a t io n

Tŝ  -  2 -7 4  X l O ' l i  g -1 5 ,3 0 0 /R T

The A r r h e n iu s  p l o t  f o r  t h e  i s o m é r i s a t i o n  o f  t h e  

[O oen^ tO E )^ ]^  io n  i s  a l s o  shown. T h is  h a s  a  h ig h e r  

a c t i v a t i o n  e n e r g y ,  a b o u t  30 k .  c a l s / m o le . With i n ­

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

comes f a s t e r  t h a n  t h e  r a t e  o f  l o s s  o f  o x a l a t e  a s  h a s  

b e e n  q u a l i t a t i v e l y  p r e d i c t e d .  Thus a t  59® and l .O E  

sodium  h y d r o x id e  t h e  r a t e  o f  p r o d u c t i o n  o f  c i s  

[Coen2 ( 0H)g]'*' i s  t h e  same a s  t h e  r a t e  o f  t h e  c i s / t r a n s  

i s o m é r i s a t i o n .
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Observed f i r s t  order r a te  con stan ts for  the second stage  
o f  th e  h y d ro ly sis  o f th e  [OoengtCgO^)]* ion in  water

Complex conc. = 1 .4  m.mole l i t r e * ^  approxim ately fo r
a l l  ru n s.

Temperature
O r,

EaOH
N

kj-^j obs. 

m in .”^

Isom eric com position  
o f  [C oengfO E jg]*  
product io n .

72*0

58.0

4 8 .5

3*000
2 .3 3 3
1 .6 6 7
1*333
1*000
0 .4 0 0
0 .3 3 3
0 . 2 0 0
0 .1 0 0

3*287
2.630
1^973
1*315
0.658
0*066

3*330
2*667
2 .0 0 0
1*333
1*000
0*067

1*640
1*060
0*630
0*515
0*349
0.156
0*115
0*069
0 .0 3 2

0*696
0*449
0*294
0*179
0*086
0*011
0*434
0*207
0*128
0*049
0*031
0 .0 1 2

C I S
n
n
n
n
ft
ft
ft

c i s

c is / t r a n s

c i s
ft
If

c is / t r a n s

[continued over]



no

TABLE \U -  co n tin u ed

T e m p e ra tu re
°c

HaOH
IT

k [ l j  o b s .  

m in ." ^

I s o m e r ic  c o m p o s i t io n  
o f  [Coen2 ( 0H )2 ]+ 
p r o d u c t  io n

39*8 3-448 0 .2 7 3 c i s / t r a n s
3 -103 0 -1 9 9 n

2 .7 5 9 0-148 n

2 .4 1 4 0 -1 0 1 n

2 .0 6 9 0 :0 6 7 It

1 .7 2 4 0-043 It

1 -3 03 0 -0 2 2 rt

2 5 .0 3-398 0 .0 7 8 c i s / t r a n s
3-059 0 -0 5 3  '

ft

2 .7 1 9 0-039 ft

2 .3 7 9 . 0*028 n

2 .0 6 9 0*020 It

1 - 4 0 0 ' 0 -0 09 rt
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The r e a c t i o n  was a l s o  fo u n d  t o  h e  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  sod ium  c h l o r i d e  and sod ium  o x a l a t e .  

T h ese  r a t e  c o n s t a n t s  a r e  shown in  T a b le  iÇ •

TABLE 5̂

H a te  c o n s t a n t s  f o r  t h e  seco n d  s t a g e  o f  t h e  r e a c t i o n

T e m p e ra tu re  ■ 58*2® C 

Compl-ex Cone. -  5*62 m .m ole l i t r e ”

HaOH
H

HaCl 
H .

H a te

2*67 0 .6 7 a b s e n t 0 .5 4 6

2 .6 7  . - a b s e n t 0 -558

2 .6 7 0 .6 7 p r e s e n t 0 .5 5 8

The r a t e  c o n s t a n t s  w e re  a l s o  m easu red  u s i n g  

DgO a s  s o l v e n t  i n s t e a d  o f  HgO. The r a t e s  w ere  f è u n d  

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

T a b le  llo . . Graph 18 shows t h e  ch an g e  i n  t h e  observ* 

ed r a t e  c o n s t a n t  b o th  i n  H^O and D^O w i t h  h y d r o x i d e  con­

c e n t r â t  io n .
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t a b l ; l b .

Observed f i r s t  order r a te  con stants for t'^'e second gta/^e 
of th e  h y d ro ly sis  of the [CoengC^O^]* ion  in  deuterium

oxide so lv en t r e s u lt in g  in t!̂ -e production o f the c i s /  
tra n s equilibrium  m ixture o f th e  [CoengCOH)^]^

conc. = 1*4 m.mole l i t r e *  ̂ approxim ately fo r

Temperature
°C

UaOH
N

k [ i ]  obs 
m in.“

39*8 3-325 0-278

2.993 0.189

2.660 0-129

1-994 0.062

1-329 0-022

25*0 3-165 0.060

2-939 0-046

2 .5 3 2  ̂ 0-030

1-899 0-014
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b) The r a t e  o f  l o s s  o f  o p t i c a l  a c t i v i t y  o o c u r r d u r i n g  
b a s e  h y d r o l y s i s

S t o i c h i o m e t r y

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

t o  t a k e  p l a c e  i n  one s t a g e .  T h is  was due  t o  t h e  com­

p l e t e  r e m o v a l  o f " t h e  o x a l a t e  from  t h e  com plex ,

[CoengCgO^^o + OH* -----------) [C oengfO E jg ]*  +

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

e q u i l i b r i u m  m ix tu r e  o f  t h e  [Coen2 ( 0 2 ) 2 ]^ i o n s  was a lw ay s  

fo rm e d .  Uo i n i t i a l  m u t a r o t a t i o n  was o b s e r v e d ,

S p e c t r o p h o t o m e t r i c a l l y  t h e  i n i t i a l  r i n g  o p en in g  h a s  

b e e n  shown t o  b e  r a p i d  b u t  s h o u ld  b e  o b s e r v a b l e  a t  

low  t e m p e r a t u r e s .  The l a c k  o f  m u t a r o t a t i o n  may b e  

due  t o  t h e  r o t a t i o n  o f  t h e  [Coen^CgO^]^ b e in g  q u a l i t a ­

t i v e l y  s i m i l a r  t o  t h a t  o f  o t h e r  c o b a l t  I I I  co m p lex es  

w h e re a s  f o r  t h e  [CoenpOO^]* t h e  r o t a t i o n  i s  much l a r g e r .  

T h is  , i s  shown on p a g e  # Any i n i t i a l  m u ta r o t a ­

t i o n  w i l l  b e  much s m a l l e r .

R e s u l t s

The r a t e  o f  r a c é m i s a t i o n  was m ea su re d  a t  

v a r i o u s  t e m p e r a t u r e s  and  b a s e  c o n c e n t r a t i o n s  i n  a  

s i m i l a r  way a s  d e s c r i b e d  f o r  t h e  [CoenpCO^]* i o n .
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Graph 19 shows a sa m p ler^ te  p lo t  and Table g iv e s

th e  r a te  co n sta n ts . The io n ic  stren gth  was kept con­

sta n t at 4R. The base con cen tra tion  could not be taken  

as h igh as in  th e  spectrophotom etric measurements as the  

base would corrode th e  polarim eter tu b e .

The a c t iv a t io n  energy v/as shown to  vary with  

th e  base con centration s as shown in  graph 20. This 

v a r ia t io n  togeth er with the p r o b a b ility  fa c to r s  i s  

sliown in  Table , "
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Graph W
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TABLE 1~]

Observed f i r s t  order ra te  con stan ts fo r  th e  lo s s  o f o p tic a l  
a c t iv i t y  accoTTiDanvingr the base h y d ro ly sis  o f the ( 
[Coea^tCgO^)]* ion  r e su lt in g  in  th e  form ation o f  th e  c i s /

tran s equ ilibrium  mixture of th e  [ C o e n « ( O H ) i o n

Temperature
° 0

HaOH Complex conc. 
m.mole l i t r e * ^

k [ l ]
m ln . - i

74 .1 0 . 5 0 0 2 . 0 5 2 . 5 3  X 10"!

0 - 2 5 0 1*99 1 .0 4  X 10"!

0 . 1 2 5 2 . 0 1 4 . 7 3  X 10-2

58*8 0 . 5 0 0 1.88 3 . 2 4  X 10-2

0*250 2 . 1 3 1 . 2 5  X 10-2

0 . 1 2 5 2.04 5 . 3 8  X 10-3

49*0 1.000 2 * 0 5 2-92 X 10-2

0*500 2.04 9 . 3 1  X 10-3

0*250 2 * 2 5 3.38 X 10-3

38*6 0 * 5 0 0 2*18 2 . 5 7  X 10-3

0 * 2 5 0 1*78 7*93 X 10-4

0 * 1 2 5 1*98 2-40 X 10-4

24-9 0 * 5 0 0 2*05 5*76 X 10-4

0 * 2 5 0 1*78 1.20  X 10-4
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3, Î OL (W = ^ t l S N  4

Ij R.ûLtiWA.i'iOs.Wçu Ĉô ŵ (crÛ ,̂
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TÂBLS

V aria tion  in  a c t iv a t io n  enerr.Y  w ith base con centration  
fo r  th e  r a te  of lo s s  of o p t ic a l a c t iv i t y  durinf: th e  “base 

h y d ro ly s is  o f th e  [CoengCgO^]* ion

ITaOn
IÎ

A ctiva tion  Energy 
k. c a l s/m ole

P ro b a b ility
fa c to r

0-500 22-7 3*8 I  1 0 I 4

0-250 27*7 2*2 X

0 -125 30-8 1 . 4  X

The v a r ia tio n  of . r a te  with teirperature pre­

v io u s ly  found f i t s  th e  Arrhenius equation;-

kg _ 6 .5  X 1 0 l9  9 - 3 8 .0 0 0 /2 1  ^  ^ o l e  s e c . ' ^  ^^34)

c) Spectr on olar im etric n^easur eirient s

The m ajority o f  thepolarim etry was carried  out 

at 436 . The r e a c t io n  was a lso  fo llow ed  at 365»

4 0 5 » 546 and 578 m j x  and the ra te  was found t o  he inde­

pendent of th e  wavelength used .

The change in  the • o p t ic a l  ro ta to ry  d isp ers io n  

curve was a lso  measured during th e  course of th e  r e ­

a c tio n .
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Method

Cis ( - )  [CoeOgCgO^]! was d is so lv e d  in  standard  

sodium hydroxide which was p laced  in  a therm ostatted  

water hath . At in te r v a ls  samples were withdrawn and 

th e  rea c tio n  quenched hy running in to  standard hydro­

c h lo r ic  a c id . The form ation o f the diaquo complex 

proceeds with f u l l  r e te n t io n  o f co n fig u ra tio n  and i s  

a lso  o p t ic a lly  s t a b l e . ^ T h e  samples were frozen  

in  drikold  and la te r  unfrozen in order fo r  the o p tic a l  

ro ta to ry  d isp ers io n  curves to  he measured. These are 

shown in  gr aph 21.

The molar r o ta t io n , [^ ] , i s  g iven  hy

[(j)] » d e f le x io n  x molar con centration  x in s tr u -
________________________________ m ental constant

100
and th e  am plitude, a , hy

(m in .[^ ] + max. [(j)])
a * — 100

The f i r s t  order r a te  constant was evaluated  g ra p h ica lly  

from
^ 2*303 log^Qa

2 t

where t  i s  th e  tim e for the measured am plitude. This 

i s  shovm in graph 22.
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B e s u i t

T e m p e r a tu r e  ■ 4 8 *5 ^ C 

[C oen2C 20^]T  * 4 * 8 1  m*mole l l t r e * ^

H y d r o x id e  c o n c .  -  0 * 7 9 4  N
— 2 —1B e a c t i o n  r a t e  -  1 * 7 8  x  1 0 ” m in ”

T h is  i s  o f  t h e  o r d e r  o f  t h e  p r e d i c t e d  r a t e  from  t h e  

p o l a r i m e t r i c  r a t e  c o n s t a n t s .

D i s c u s s i o n

1 .  T he n a t u r e  o f  t h e  [Coen^CgO^]^ i o n  i n  a q u e o u s  s o l u t i o n

‘ The n a t u r e  o f  t h e  i o n  [CoengCgR^^* i n  a q u e o u s  

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

c a s e  o f  [Coen2C0^]'*’ and t h e  o n l y  e v i d e n c e  f o r  t h e  o p en  

r i n g  form  com es from  s t u d i e s  on t h e  [CoCC^O^)^]^” i o n ,  

I l c C a f f e r y  and M ason show ed fr o m  c i r c u l a r  d i c h r o i s m

m e a su r e m e n ts  t h a t  i n  s o l u t i o n  t h e  i o n  e x i s t s  p a r t l y  i n  

t h e  form CO—0
CO

0
T h e f u l l y  c h e l a t e d  i o n  h a s  D  ̂ s^nrmetry w h i l e  i n  t h e  op en  

r i n g  form  t h e  sym m etry h a s  b e e n  r e d u c e d  t o  C2. Due t o



t h i s  d e c r e a s e  i n  sym m etry  a  c o m p le x  may h a v e  tw o  or  

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

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

o n l y  g i v e  o n e .  T he i o n  w h ic h  i s  r e p r e s e n t e d  f o r m a l l y  

b y  t h e  f o r i m l a  [CoCCgO^)^]^" i s  fo u n d  t o  g i v e  tw o  c i r c u ­

l a r  d i c h r o i s m  b a n d s .*

G i l l a r d ,  Graham and P en n  a s s i g n  t h e  same

op en  r i n g  fo rm  from  s t u d i e s  on t h e  p a r t  p l a y e d  b y  w a te r  

i n  t h e  c r y s t a l  l a t t i c e .  T h ey  d e d u c e d  from  i n f r a r e d  

and t h e r m .o g r a v im e t r ic  m e a su r em e n ts  t h a t  som e o f  t h e  w a te r  

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

s p h e r e .  T he i o n  w as fou n d  n o t  t o  b e  i s ^ o r p h o u s  w i t h  

t h e  t r i s o x a l a t e s  o f  a lum in iu m ., v a n a d iu m .^ ir o n ,  or clnromium. 

T h e s e  l a t t e r  t r i s o x a l a t e s  h a v e  b e e n  shown t o  h a v e  a t r i s -  

b i a e n t a t e  form  from  X - r a y  s t u d i e s .  The c o b a l t  ( I I I )  

t r i s o x a l a t e  i o n  i s  iso m o r p h o u s  v . l t h  t h e  rh o d iu m  t r i s -
( 1 2 3 )

o x a l a t e  w h ic h ,  fr o m  n u c l e a r  m a g n e t ic  r e s o n a n c e  s t u d i e s  ' 

on t h e  p o t a s s i u m  s a l t  h a s  b een  g i v e n  t h e  fo r m u la * .-

K g [ E h ( C g O ^ ) ^ ] ( O H ) j S H g O .

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

r e l e v a n t  t o  t ’^e m o n o o x a l a t e b i s e t h y l e n e ^ t a m i n e c o b a l t  I I I  

i o n .  T a b le  c o m p a r e s  some o f  t h e  p r o p e r t i e s  o f  t h e

4  r e l e v a n t  c o m p l e x e s .
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TABLE n .

Corapcjison o f soTne p ro p ertie s  of th e Ions, [Coen^] 

[CoengCg0^3'",[Coen and [CoCC^Oj^J^-

3+

2 4'3

P o r  m al r e p -  
p r e s e n t a -  
t  i o n  o f  i o n

[Coen^ [CoengCgO^]* [C o e n 2 (C 2 0 ^ )2 ] ' [C o tC g O j^ j ]? -

S t a b i l i t y  X 
i n  a c i d ^ ' ' /

S t a b l e S t a b l e  a f t e r  
b o i l i n g  f o r  
1  h r .U 'I  a c i d

. S t a b l e l i ^ t  s e n s i ­
t i v e  d ecom -  
p o s i t  io n

S t a b i l i t y  
i n  b a s e

I o n  p a i r  
form arm _\
t i o n , l ^ ' /  
s u b s t i t u ­
t i o n  a b o v e
7 0  ̂ ( ^ l )

S low  s u b s t i ­
t u t i o n

S lo w  s u b s t ­
i t u t i o n

B e c o m p o s i t  io n

Racemisatiow.  
i n  a q u e o u s  
s o l u t i o n

( 1 7 )

ho r a c e -  
m i s a t  i o n  
a f t  e r  1
d a y  a t  9 0 ,

Ho r a c é m i s a ­
t i o n  a f t e r  
5 d a y s  a t  1 8

t i /  -  7 * 5  h r ,  

a t  99°
t i /  -  6 6  m in s .

/2 n 
a t  3 7 . 5

W ater o f  
c r y s t a l ­
l i s a t i o n n o n e .  

CI3 5

B r ” s a l t  
n o n e

Ha'*’ s a l t  
1 * 0

K3 s a l t  (GO)

3 * 5

C ircular dichroism  co n sid era tio n s are in a p p li­

cab le  to  the mixed ligan d  complexes s in c e  the symmetry 

i s  i n i t i a l l y  reduced below

It would appear th a t th ere  i s  a s t a b i l i s in g  

fa c to r  due to  t ’ e n on -reactin g  lig a n d .



Prom the current k in e t ic  measurements th e  open r in g  non­

ch ela ted  form of th e  o x a la te  ligan d  in  n eu tra l so lu t io n  

i s  u n lik e ly  s in c e  th ere  i s  no r a te  for the re a c tio n  in  

n eu tra l so lu t io n . Further th e  bromide s a lt  c r y s ta l­

l i s e s  w ith no water of c r y s t a l l i s a t io n ,  u n lik e  th e  

[Co( C20^)^ ion where th e  water o f c r y s t a l l i s a t io n  i s  

thought t o  p lay  an in te g r a l part in  the f i r s t  coordina­

t io n  sphere.

P revious work on th e  base h y d ro ly sis  of th e  [Coen2C20^]* 

ion

Slaeel, Meloon and H arris stu d ied  th e  r e ­

a c tio n  at 7 1°. They fo in d  th a t th e  r a te  of lo s s  o f  

o p t ic a l a c t iv i t y ,  decom position and o x a la te  exchange 

r e a c t io n s  a l l  have id e n t ic a l  second order k in e t ic s  f i t t e d  

by th e  ra te  law:

R  .  k  ( [ C o e n g C g O ^ ] * )  ( O R - )

They suggested  that th e  ra te  determ ining step  was th e  de­

c h e la tio n  o f  th e  o x a la te  ligan d  with subsequent rap id  

step s  r e s u lt in g  in  the form ation o f a c is / t r a n s  e q u i l i ­

brium m ixture of th e  dihydroxy s p e c ie s . The d ech ela tio n  

tak es p la ce  by carbon-oxygen bond f i s s io n  and th e  com plete 

removal o f  o x a la te  by cob alt-oxygen  bond f is s io n  (page 92 )•



.

F ir s t  stage  o f th e  rea c tio n

[C oengC gO ^]* + O H '--------------- ) [CoengCgO^OBjo

Within th e  experim ental l im ita t io n s ,  th e  r e ­

a c tio n  i s  found to  be f i r s t  order-, in  hydroxide fo llo w ­

ing th e r a te  equation: '

B .  (OH” )

at constant complex concent raj; ion . I t  has been

suggested  p rev io u sly  th a t th e d ech ela tio n  tak es p lace

w ith  carbon-oxygen bond f i s s io n .  An Sjj2 mechanism i s

proposed with a ttack  by th e  hydroxyl group on the carbon.

As in  the case of th e  carbonate complex t h i s  mechanism i s

favoured both by th e  a c c e s s ib i l i t y  o f th e  carbon r e la t iv e
tka

to  th e  co b a lt and byy^inductive e f f e c t  o f  th e  carbonyl

group rendering th e  carbon e le c tr o p o s it iv e .
OH
I Ô

,0 -C .O  htt-  O -C -0 /OH 0 ^ 0
/  , OH . /  I X  j \ '®

eng Co I  -} engCo | —g-Q— } engCo [ 0
^ O -C .o  ^ O -C -0  ^ ^ 0  -C -  0

A slow r a te  determ ining ad d ition  i s  fo llow ed  by rapid  

carbon oxygen bond f i s s io n .

Ho measurable change in  th e  o p tic a l r o ta t io n  

was observed during th e  de ch e la tio n  p rocess showing

th a t there i s  com plete r e te n tio n  o f co n fig u ra tio n ,
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agreeing w ith  th e  proposed carbon-oxygen bond f i s s io n  

s in c e , th e re  being no bond f i s s io n  at th e  asymmetric 

co b a lt  ce n tre , th ere  can be,no s t e r ic  charge. R eaction  

paths r e su lt in g  in  form ation of ( - )  [CoengCgO^OH]^ and

trans[C oen2C29^0H]® are in op erab le .

This i s  con trasted  to  th e  analogous carbonato 

d ech e la tio n  re a c tio n  which is  p o stu la ted  to  proceed w ith  

cobalt-oxygen  bond f i s s io n ,  the r a te  reaching a maximum 

at h igh  hydroxide which does not occur in  th e  oxalato  

ca se . Both, the d ech e la tio n  p ro cesses  proceed w ith  

r e te n t io n  o f  co n fig u r a tio n . The d iffe r e n c e  in  mecha­

nism i s  due to  the r e la t iv e  la c k  o f s t e r ic  s tr a in  in  th e  

5 membered oxalato c h e la te  ring compared t o  th e fou r-  

membered carbonato r in g . Also th e  stronger acid  pro­

p e r t ie s  o f th e  oxa lato  group render th e  carbon of th e  

o x a la te  group more su sc e p t ib le  to  a tta c k .

I t  has not been found p o ss ib le  to support th e  

h yp oth esis  th a t t h is  i s  th e  ra te  determ ining step  in  

th e  rea c tio n  sequence. Indeed at 71° i t  can be consider- 

ed as ̂  rap id p re -ra te  determ ining s te p , th e  ra te  at th is  

tem perature being com pletely  due to the r a te  of lo s s  o f  

o x a la te .
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Second sta g e  o f th e  re a c tio n

The ra te  o f th e  re a c t io n  measured spectrophoto- 

m etr ic a lly  was found t o  he th e  same as th e  r a te  o f  lo s s  

o f o p t ic a l  a c t iv i t y .  With in crease  in  base concentra­

t io n  th e  a c t iv a t io n  energy becomes l e s s  and reach es a 

l im it in g  va lu e  of 1 5 «3 k ca ls/m ole  at IN sodium hydroxide. 

The a c t iv a t io n  energy at 0*5 N NaOH was found to  be th e  

same whether measured sp ectrop h otom etrica lly  or p o la r i-  

m e tr ic a lly , i . e .  22*7 k .c a ls /m o le .

K i n e t i c  form

A f i r s t  order k in e t ic  p lo t  is  not found except 

at 72^ w ith  base con cen tra tion s l e s s  than 2N, In t h is  

reg io n  the second order k in e t ic s  are th e  same as found 

by Sheel et. a l .  ̂ ^

The d ev ia tio n s  from a standard f i r s t  order r a te  

p lo t  may be due to  th e  very high hydroxide con cen tration s  

employ e l , s inc e at cone entr at ions gr eat er th an IM ,th e  

b a s ic i ty  o f  th e  so lu t io n  in crea ses more ra p id ly  than th e  

sto ich io m etr ic  con cen tration  of base. The concept of 

th e  a c id ity  fu n ction  in  stro n g ly  b a sic  aqueous so lu t io n  

has r e c e n t ly  been reviewed by B och ester , 

th e  a c id ity  fu n ctio n  for a g iven  b a s ic  so lu t io n  i s  th e



measure of th e  a b i l i t y  of th a t  so lu t io n  to  ab stra ct a 

proton from an e l e c t r i c a l ly  n eu tra l wealcly a c id ic  mole­

c u le ,

SH + 0H“ ( -  - - > S” + HgO

H_ .  pEgjj + l o g i o  [ S ' ]
[SH]

where pE^g = acid  io n is a t io n  con stant fo r  SH, [Sïï] and 

[S” ] are the con cen tra tion s of th e  acid and i t s  conjugate 

base r e s p e c t iv e ly .  The sc a le  has been e s ta b lish ed  

fo r  aqueous sodium hydroxide by Schwarzenbach and 

S u l z b e r g e r , a t  20^ assuming = 14 when [NaOH] «

1 ÎÎ. The v a lu es th ey  obtained are shown in  Table • 

These measurements are not g e n e r a lly  a p p lica b le  at any 

tem perature due to  th e  change in  th e  io n is a t io n  constant 

• of water w ith tem perature.
f  f  -

+ l o g i o  [OH - j + l o g i o  ~

%
where f  denotes a c t iv i t y  c o e f f ic ie n t  and a a c t iv i t y .

Below 1 M NaOH th e  l a s t  term approximates to  zero g iv in g  

th e  "ideal" exp ression  of H_. The v a lu e  of pK  ̂ + 

lo g io  [NaOH] at 20° and 58° are shown in  Table XO ,



TABLE XO-

Experimental and "Ideal" va lu es for sodium hydroxide

[NaOH] pK^+log^Q[NaOH'J pK^+log^()[NaOH] E_

M - 58° 20° 2o°

1 1 3 .0 3 (r e f  75) 1 4 .1 7 14*00

2 13.33 1 4 .4 7 14*36

3 1 3 .5 1 14-65 14*64

4 13.63 14.77 14.93

The id ea l va lu es of at both 20° and 53° change more 

slow ly  than th e  experim ental v a lu es  at 20°. In the  

absence o f any inform ation about the v a r ia t io n  w ith  

a lk a l i  con centration  and tem perature o f th e  so lu te  a c t i ­

v i t y  c o e f f ic ie n t s  f^^ and fg -  and any experim ental 

v a lu es  other than tem peratures th e  experim ental s c a le  

at 20° was used .

I f  th e  rea c tio n  i s  considered to  go by th e  mecha­

n ism ;

SH + OH" ^  S + HgO

where [S“ ] [SH]
k*

S” --------------} products
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fo r  Miich the experim ental r a te  co n sta n t, i s

g iven  hy

^obs. “ -  (d [SH ]/d t)

= k '  ( [ S - ] / [ 5 B ] ) ( f g _ / f * )  (2 )

where " th e  t r a n s it io n  s ta te .

Assuming f g g / f - =

and by combining ( l )  and (2)

l o ^ lO  = lo ^ io ^ - '

I f  t h i s  theory i s  op eration a l a p lo t  o f log^^k^^g should  

be a l in e a r  fu n ctio n  o f E_ w ith u n it s lo p e .

Graphs 23 and 24 show the p lo ts  o f ÏÏ aga in st  

lo^lO^obs th e  various experim ental tem peratures. At 

72° and 58° straight l in e  graphs with u n it grad ien t are 

obtained . The theory  i s  v a l id ,  th e r ea c tio n  proceeds 

by an Ŝ l̂ 03 mechanism.
rap id

[CoengCgO^OH]® + OH” r̂— ^  [Coen( en-H)CgO^OHj”+HgO

slow  g
[Coen(en-H)C2040H ]" -)[Coen(en-H)OH]+ + CgOp"

[Coen(en-H)Onr + BgO- >[006* 2 ( 0 3 ) 2 ]+

A dditional evidence i s  found by th e  independence



&Rf t P U 1 3 )

C U A H U  I N W I T U  w.  P 6 H  T H E  S t t O N O  \ T A ^ t  O F  T W t

B A \ t  W1 OF TH 6  CftAw^d^O^J )%N.

■ 0.8

- 0 .1

•Oil*

-0.1j*

- 0.1

H



l u
t WAü l G IN W\TH H, Fùd IWt ^ECftwQ $H \^£

OF T H E  BA%& MN PROUVAIS QF T H E  [ C ë J l k ^ C ^ O ^ ]  IQK).

-U,

- 1.0

H.



o f  r a te  on th e  presence of excess o x a la te . I t  has a lso  

p rev io u sly  been suggested  that th e  r e a c t io n  proceeds by 

cobalt-oxygen  flssion#^^^^)

However at th e  lower experim ental tem peratures 

although graphs of E_ ag a in st log^Q g iv e  lin e a r

p lo t s ,  th e  gradient o f th e s e  p lo ts  are no longer u n ity . 

These are shown in  Table .

TABLE 1 \.

V ariation  q f grad ient of graph log^g ^obs

Temperature Gradient

4 8 .5 1*52

3 9 .8 1 '64

2 5 .0 1-52

A sim ple 8^1 CB mechanism cannot provide a com plete mecha­

n i s t i c  v iew . Further i f  an S^l CB mechanism was e x c lu s i­

v e ly  operating at th e s e  tem peratures a change in  ra te  

would be p red icted  on changing the so lvent from .water to  

deuterium oxide. The r a te s  of both acid and base 

h y d ro ly sis  of th e  [Co(Mî^) ^Cl]'*’ ion are slower in

DgO than in  HgO. By analogy to  th e  e f f e c t  o f d eu tera tion
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on th e  hase h y d ro ly sis  of d iacetone a lc ch o l the rea c tio n  

would he expected to  go fa s te r  i f  a p re-eq u ilih rium  pro­

to n  tra n sfer  was in vo lved . S ince th e  ion , [Co(îîH^) ^Gl]’*' 

i s  only wealcLy a c id ic  th ere  i s  prohahly a la rg e  iso to p e  

e f fe c t  on i t s  acid  io n isa t io n  constant as on th e  io n ic  

product o f  water and consequently the deut erated  system  

w i l l  rea ct more slowly*

Ho so lv en t iso to p e  e f f e c t  was found at 25° and 

39*8° and, togeth er  w ith  the non-unit grad ient of the  

graph ^o^xo^ohs shows that th ere  i s  some

other re a c tio n  path not in vo lv in g  a deprotonation  e q u i l i ­

brium a v a ila b le  fo r  the decom position. -Further, th e  

r e a c t io n  products are th e  c i s / t r a n s  equilibrium  m ixture  

o f  th e  [CoengCOH)^]^ io n .

A r e a c t io n  path proceeding by a mechanism in v o lv ­

ing higher order with resp ect to  hydroxide i s  p o stu la ted . 

H o t s  of th e  observed ra te  con stan ts against th e  square of 

th e  hydroxide are shown in  graph 25 . At low concentra­

t io n s  th e se  graphs are seen to  be lin e a r  w h ils t  at h igh  

con centration s th e  departure from l in e a r i t y  may be due 

t o  th e  b a s ic i ty  increasing- more quickly than  the s to ic h io ­

m etric con centration  o f base rather than to  the presence
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o f  any other r e a c tio n  path .

An a s s is te d  s u b s t itu t io n  i s  p o stu la ted  whereby 

hydroxide a ttack  occurs synchronously at th e  co b a lt  w ith  

hydroxide a d d itio n  t o  the carbon non-bonded to  th e  c o b a lt .

ow
OH' ©

The a s s o c ia t iv e  a ttack  i s  eased due to  the form ation o f  

th e  te tra h ed ra l carbon on the o r ig in a l planar o x a la te  

carbon. Once th e  t r a n s it io n  s ta te  has been reached  

th e  f in a l  d is s o c ia t io n  takes p lace  ra p id ly . i'he i n i t i a l  

d ir e c t io n  o f the hydroxide attack  at the co b a lt has not 

y e t  been d efin ed .

The order o f the r ea c tio n  w ith re sp ect to  

hydroxide was found from th e  gradient of th e  graph 

logio[haOH] against log^gk^ obs. These are shown in  

Table .
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V aria tion  in hydroxide order w ith temperature fo r  the re-  
a ctio ii s to ich io m etr ic  a l ly  represented  a8[Coen2G20^0H]^ + OH'

^  [ C o e n 2 ( 0 H ) 2 r  + Ĉ O, 1-

Temperature Order

72*0 1*07

58.0 1-10

48 • 5 1 .58

39*8 2-53

25*0 2.23

A maxiimim order i s  reached at 38*8 showing that
both

th e  re a c tio n  i s  proceeding by OL m echanism /first order and 

second order in  hydroxide. At 48*5^ th e  f i r s t  order r e ­

a c tio n  path i s  becoming dominant w h ils t  at 12^  i t  i s  th e   ̂

only s ig n if ic a n t  r e a c t io n  path* I f  th e Arrhenius para­

m eters for  th e two p rocesses are s im ila r , th e  rea c tio n  

second order in  hydroxide would be dominant at high base

con centration  which was not found. The a c t iv a t io n  
en erg ies must be of equ ivalen t v a lu es  s in ce  s tr a ig h t  lin e--  

Arrhenius p lo ts  were obtained and i t  was im possib le to
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separate the r a te  con stan ts fo r  the tw o p ro ce sse s . The 

decrease in  importance of th e  second order re a c tio n  path  

w ith tem perature must he due t o  a la rg e  p ro b a b ility  

fa c to r  r e la t iv e  to  the f i r s t  order r e a c t io n  path . As a 

tr im o lecu lar  process i s  p o stu la ted  i t  i s  very l ik e l y  th a t  

th e  p r o b a b ility  fa c to r  i s  extrem ely h igh . I t  can be seen  

to  in crea se  w ith d ecreasing  base co n cen tra tio n , (Table I % 

page ) .

o te r ic  course of th e  rea ctio n

She e l  e t a l -found th a t th e  base h y d ro ly sis

occurred at th e  same r a te  as th e  lo s s  of o p tic a l a c t iv i t y  

suggesto(L ■ th a t the two p ro cesses proceed by id e n t i­

c a l  mechanisms. „ They p o stu la ted  th e  r a te  determ ining  

step  to  be th e  i n i t i a l  d ech e la tio n .

In th e  presen t work i t  was found th a t th e  r a te  

o f base h y d ro ly sis  o f th e  in term ediate [CoengCgO^QH]^ 

con ta in ing  th e  non-chelated  o x a la te  group proceeded at 

th e  same r a te  as th e  r a te  o f  lo s s  o f o p t ic a l a c t iv i t y .

At h igh  tem peratures th e  racemic c i s  (-)[C o en 2 (QH)2 ]^ 

ion  i s  formed.

cisf-jCCoengCgO^OHjO + OH"----------c i s ( i )  [Coeii2 (OH) j + 1 0

The r a te s  are th e  same, th ere fo re  the r a te s  of
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iso m ér isa tio n  and racém isation  of th e  in term ediate ion , 

[Coen^CgG^]^ must be slow compared to  th e  decom position  

r a t e .

olsC-jCCoengCgO^OHjO > oisC+jECoengCgO.OH]*

c l s r C o e n 2C 2040 H l °  ■»  t r a n s C C o e n g C g O . O a j O

These have been shown to  be slow in  th e  case  o f the  

carbonato ion.^^^^)

At low tem peratures th e  production of the  

trans[C oen2 (OH)2 ion  a lso  occurs which can be formed 

e ith e r  by th e  iso m ér isa tio n  of th e  c i s  product ion or 

by d ir e c t  su b s t itu t io n  in to  the in term ed iate , [Coen2020^0H]'

c is [C o e n 2 (  02)2  ]**" ^  — - —* t r a n s  [Coen2( OH)

c i s ( - )  [Coen2C20^0H]° + 0H“------- > trans[C oen2 ( OH) 2 ]^ +

As a second, r e a c tio n  path has been shov/n t o  be 

present at low tem peratures th e  second rea ctio n  occurs 

in  conjunction  w ith th e  f i r s t .

The Sj l̂ CB mechanism

The form ation o f a tr ig o n a l bipyramid i s  

n e c e s sa r ily  accompanied by lo s s  of o p t ic a l a c t iv ity »

There are two p o s s ib le  in term ed iates -
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( D - S +

ow

(+) c is

+H2O
1 ,3  tra n s

3 1 , 2 :

2 ,3
(+) c i s

A
(D -H +

( 2 ) - C ^ 2
 ̂ 1 ,3  (+) c i s

+B2 O 2 , 3  ( - )  c i s

B

(118)B asolo and Pearson * have analysed th e  stereo isom eric  

products from both th e  c i s  and tran s isom ers of complexes 

o f th e  type [CoengOHX]'*’ and concluded th at 50^ of B is  

formed when 1 = Cl“ and 60^ when L = Br"« S ince the  

o x a la te  group i s  la r g er  than both the ch lo r id e  and bro­

mide ions th e se  percentages may not be re lev a n t but sug­

g e s t  th a t th ere  w i l l  be some form ation of B.

Chan and lo b e  suggest th a t as th e  hydroxide

i s  capable of donating a second p a ir  of e lec tro n s  to  th e  

cob a lt when in  the tr ig o n a l p lan e , Interm ediate A is  so 

much more s ta b lç  than B th a t th e  la t t e r  can be ignored.

In t h is  r e a c t io n  th ere  i s  demonstrably racemic 

c i s  and no tran s isom ers formed. The production of some
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in term ed iate B seems more l ik e ly *  lob e and Chan 

d isc u ss  th e  o r ien tin g  e f f e c t  o f th e  lea v in g  group. The 

le a v in g  group in fluences -the d ir e c t io n  of a tta ck  o f  th e  

incoming lig a n d  thereby d ir e c t in g  the s t e r ic  course.

As w e ll as th e  hydroxide group, th e  lea v in g  o x a la te ’group 

i s  a lso  capable o f donating e lec tr o n s  to  th e  cob a lt when 

in  th e  tr ig o n a l p lane and so w i l l  d ep art ’fro m the tr ig o n a l  

p lan e , the p o s it io n  from which i t  ' le a v is  ; Win^ 

s t e r ic a l ly  h indered. However th e  d ipo lar character o f  

th e  incoming water r e s u lt s  in  i t s  o r ien tâ t ion between th e  

departing o xa la te  and th e  imino n itro g en . The in te r ­

m ediates are considered  in  conjunction  w ith th e ir  erviron- 

ment, ( th e  two p o ss ib le  p o s it io n s  of th e  o x a la te  OLVt shovm 

in  each c a s e ) ;

1 .2  (+) c i s
2 .3  (+) c i s  ( i f  imino 
n itrogen  considered  to  
be at p o s it io n  3 ) .
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In in term ediate A^attack in  th e  1 ,3  p o s it io n  w i l l  be 

fu rth er  hindered due to  th e  r e la t iv e  crowding o f the  

e th y l en ed i amine r in g s . The in term ed iates form;' th e

observed racemic c i s  ( î ) [Coen2 (Ch)2 ^̂ *

S te r ic  course o f re a c tio n  path second order in  hydroxide

The re a c tio n  path second order in  hydroxide i s  

considered as an a s s o c ia t iv e  mechanism :whi l e not n ece s­

s a r i ly  im plying th e  eq u ivalen t importance o f bond making 

.and bond breaking in  the tr a n s it io n  s t a t e .  The s t e r ic  

course i s  considered  on th e  b a s is  of a seven coordinate, 

in term ed ia te . Hydroxide a ttack  adjacent to  th e  oxa la te  

i s  u n lik e ly  due to  th e  bulky - nature of th e  o x a la te , and 

th e  high con cen tration  of n eg a tiv e  charge. Only trans  

a tt  ack i s  env is  aged •
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OH

t r a n s ou

20H"OH
4 tra n s

o xa la tetrans 4 ,5
4 0 - 1-1 = o

u

tran
1 , 4  ̂in v ersio n

o xa la te

ou

This react^ion path i s  only s ig n if ic a n t  at low temper attires 

where th e  production of racemic c i s  and trans[C oen2 (OH) 

ion s occurs. The presence of a l l  th r ee  in term ed iates  

accounts for  th e  observed h y d ro ly sis  being the same as  

th e  r a te  o f lo s s  o f o p tic a l a c t iv i t y .
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4 .  THE BASE HYDROLYSIS OF THE [C oph en ^ X ]* lOM 

X -  C 0 j 2 - ,  CgO^Z-, m a l,  CB.

a )  [ C o p h e n g X j C l ,  X  •  C g O ^ ^ " ,  m a l , CB

t n  a l l  t h r e e  c a s e s  t h e  co m plexes  decom pose  i n

t h e  p r e s e n c e  o f  b a s e  w i th  t h e  f o r m a t i o n  o f  b l a c k  c o b a l t

o x i d e ,  CoO(OH), The sp e ed  o f  d e c o m p o s i t io n  d epends

on t h e  b a s e  c o n c e n t r a t i o n ,  l 'o r  a  0*5 H b a s e  s t r e n g t h ,

d e c o m p o s i t io n  i s  i n s t a n t a n e o u s  f o r  t h e  [Cophen2m a l]C l

com plex  and c o m p le te  i n  a b o u t  10 m in u te s  f o r  t h e  
+

[CophengCHjCl com plex . B o th  t h e s e  com plex io n s  

a r e  s t a b l e  i n  n e u t r a l  aq u eo u s  s o l u t i o n .  G raph IL  

shows t h e  v i s i b l e  a b s o r p t i o n  sp e c t ru m  f o r  t h e  [Cophen2CB]Cl 

c om p lex .

A lthough  t h e  [Coph6020204. ]Cl com plex  i s  s t a b l e  

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

p o s e s  i n  l i g h t  b o th  i n  t h e  s o l i d  s t a t e  and i n  aq u eo u s  

s o l u t i o n ,  A c o b a l t  I I  c o m p lex ,  Cophen2C l2 # I s  form ed 

w h ich  i s  an  i n s o l u b l e  f l e s h  c o lo u r e d  pow der ,

b ) [Cophen^OO^jOl

T h is  com plex  i s  u n a f f e c t e d  by l i g h t  and s t a b l e  

i n t k a  s o l i d  s t a t e .  I t  i s  a l s o  s t a b l e  i n  aqueous
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s o l u t i o n  i n s o f a r  a s  i t s  a b s o r p t i o n  s p e c t ru m  d o e s  n o t  

c h an g e  o v e r  a  p e r i o d  o f  d a y s  a t  room te m p e r a tu re *

S t o i c h io m e t r y

Slow s u b s t i t u t i o n  t a k e s  p l a c e  w i th  t h e  fo rm a ­

t i o n  o f  t h e  [Cophen2 ( i o n .

[CophengCOjj* + 20H" -  [C ophengfO H jg]*  + CO %-

At 520 up ( 1 9 »230 cm .“^) t h e  I n i t i a l  e x t i n c t i o n  c o e f f i -  

c i e n t  i s  114*8 and t h e  f i n a l  e x t i n c t i o n  c o e f f i c i e n t  is  

7 9 * 5 . The e x t i n c t i o n  c o e f f i c i e n t s  a r e  t h e  same a-ff those 

g i v e n  by Ablov and P a l a d e  ^ 1 ,3 ]  f o r  t h e  [Cophen^CO^ 

and [C ophengfO SÏg]*  io n s  r e s p e c t i v e l y .

M ethod

The same g e n e r a l  m ethod was u s e d  a s  i n  t h e  

c a s e s  o f  t h e  [CoengCO^]* and [CoengCgO^]* com plex  i o n s .  

I n i t i a l l y  t h e  s p e c t ru m  b e tw e e n  1 5 ,0 0 0  and 3 0 ,0 0 0  c m .“^ 

(667  and 333 mp) was m easu red  a t  room  t e m p e r a t u r e  a t  

v a r i o u s  r e a c t i o n  t im e  i n t e r v a l s  a s  shown on g ra p h s  l '\  

and 1% . The c h a n g e s  w h id i  o c c u r  a r e  c h a r a c t e r ­

i s e d  by i s o s b e s t i c  p o i n t s  a t  1 8 ,2 0 0 ,  2 2 ,2 0 0  and 

2 8 ,4 0 0  cm.~^ The a c t u a l  r a t e s  w ere  m ©.sured a t

1 9 ,2 3 0  c m .  •
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I n  some c a s e s  sodium  c h l o r i d e  was u s e d  t o  

m a i n t a i n  t h e  i o n i c  s t r e n g t h .  Sodium p e r c h l o r a t e  

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

im m ed ia te  f o r m a t io n  o f  a  f l e s h  c o lo u r e d  p r e c i p i t a t e .

R e s u l t s

Graph 1^ show t h e  o b se rv e d  c h a r g e s  o f  o p t i c a l  

d e n s i t y  accom pany ing  t h e  b a s e  h y d r o l y s i s  a t  1 9 ,2 3 0  cm ."^  

C h a r a c t e r i s t i c  o f  t h i s  i s  t h e  i n i t i a l  l a c k  o f  change  

o f  o p t i c a l  d e n s i t y  o v e r  t h e  f i r s t  1 t o  5 m in u te s  o f  

r e a c t i o n  t im e  a t  b o t h  low  i o n i c  s t r e n g t h  and h y d r o x id e  

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

t h e  same manner a s  f o r  t h e  [CoengCO^J* io n  d e s c r i b e d  

on p a g e  \11 . Graph 30 shows an  exam ple  o f  a  f i r s t

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

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

T a b le  13 g i v e s  t h e  o b se rv e d  f i r s t  o r d e r  r a t e  c o n s t a n t s ,  

and t h e  l e n g t h  of t im e  o f  t h e  i n i t i a l  l a c k  o f  c h an g e  o f  

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

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

t h e n  d e c o m p o s i t io n  s e t s  i n ,  f o r  exam ple w i th  a  0*167 R 

b a s i c  s o l u t i o n  d e c o m p o s i t io n  s e t s  i n  a t  65^ and f o r  a  

0*20  U s o l u t i o n  a t  50^ . The r e s u l t  o f  c u t t i n g  t h e  

h y d ro x id e  c o n c e n t r a t i o n  t o  h a l f  t h e  com plex c o n c e n t r a -
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lA B lE  I I

OBSIRVED EIRaT OHPIH RAIE CONdTAETS FOR THE HÏPH01YSI3 
OF THE [CophengCO^ ]* ION

Temper
- a tx i r e

°C

Time 
l e n g t h  
o f  i n i ­
t i a l  
c o n s t ­
a n t  op­
t i c a l  
d e n s i t y  

min*

I o n ic
s t r e n g t h

E

[H aC l] 

H '

[NaOH]

W

Complex
Cone,
m .m ole
l i t r e ”^

^1 o b s .  

m in ,

3 5 -5 2 0 .1 6 7 » 0*167 6*72 0*128
2 0 .1 6 7 - 0*167 4 .7 0 0 .1 2 5
3 0 .1 3 3 - 0 .1 3 3 6*72 0*133
4 0 .1 3 3 - 0 .1 3 3 5*71 0*166
3 0 .1 0 0 - 0 .1 0 0 4*51 0*091
5 0 .1 0 0 - 0*100 4*17 0*085
2 0 .1 6 7 0 .0 6 7 ' 0*100 5 .4 9 0 .1 1 5
1 0*167 @.067 0*100 8*19 0*137
4 0 .1 6 7 0*034 0*133 3*31 0*089

2 4 . 5 0 0 .2 6 7 - 0*267 4 .4 9 0*101
ft It It It It 0*105
0 0 .2 6 7 0 .1 3 3 0*133 3 . 5 9  : 0 -179
It It It n It 0*179
0 0 .2 6 7 0 .2 0 0 0 .0 6 7 3 . 9 5 0*172
ft II It It It 0*172



t i o n  r e s u l t s  on no o b s e r v a b le  r e a c t i o n  e x c e p t  a  v e r y  

s lo w  d e c o m p o s i t io n .

D i s c u s s io n

1 ,1 0  p h e n a n t h r o l i n e  fo rm s  s t a b l e  co m p lex es  

w i t h  many m e t a l s .  T h ese  h o v e  b e e n  r e v ie w e d  by 

B ra n d t  e t  a l ,  (15] 1 ,1 0  p h e n a n t h r o l i n e  i s  a  p l a n a r  

r i g i d  a r o m a t i c  m o le c u le  in  w h ic h  t h e  n i t r o g e n  atoms 

a r e  e a s i l y  c o o r d i n a t e d  t o  a  m e ta l  w i th  l i t t l e  I n t e r n a l  

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

I t  i s  a  w eak b a s e  and t h e  com p lexes  a r e  u n e x p e c te d ly

s t a b l e  f ro m  c o n s i d e r a t i o n  o f  t h e  N -  B d i s t a n c e  w hich  
o

i s  2 * 8 8 .A w h e re a s  t h e  i n t e r m o l e c u l a r  r a d i i  o f  t h e
o

n i t r o g e n  a tom s i s  3*14 A, T h is  s t a b i l i t y  h a s  b een  

r a t i o n a l i s e d  by B u r s t a l l  and Nyholm by a n a lo g y  w i th  

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

v;as d u e  t o  t h e  p r o d u c t i o n  o f  p a r t i a l  d o u b le  bonds be tw een  

t h e  m e ta l  and t h e  n i t r o g e n  r e s u l t i n g  i n  th e  f o r m a t io n  o f  

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

in g  s u b s t i t u e n t s ,  su ch  a s  a  n i t r o  g ro u p ,  a t t a c h e d  t o  t h e  

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

w ould  f u r t h e r  s t a b i l i s e  t h e  com plex  by  i n c r e a s i n g  t h e  

d e g re e  o f  d o u b le  b o n d in g .

From i n f r a  r e d  s t u d i e s  on 

and [F e p h e n g t^ C S e ïg i  i t  h a s  b e e n  shown t h a t  s t r o n g  

b a c k  "iT b o n d in g  from  t h e  i r o n  t o  t h e  n i t r o g e n  on t h e  

p h e n a n t h r o l i n e  o c c u r s  o n ly  i n  t h e  g round  s t a t e  and 

n o t  i n  t h e  ^Tg s t a t e .  S in c e  p r a c t i c a l l y  a l l  Co I I I

com plexes  e x i s t  on t h e  g round  s t a t e  t h e  a s s u m p t io n  

o f  a  s t r o n g  b a ck  IT b o n d in g  i s  v a l i d  f o r  t h e s e  com plexes, 

[ a l s o  s e e  p a g e  13>"| ] .

I n  g e n e r a l ,  m e ta l  com plexes  o f  a  h i g h  o x i d a t i o n  

s t a t e  o f  a  m e ta l  c a n n o t  b e  fo rm ed by d i r e c t  c o m b in a t io n  

o f  t h e  l i g a n d  and t h e  m e t a l ,  o n ly  by  o x i d a t i o n  o f  t h e
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c o r r e s p o n d in g  lo w e r  o x i d a t i o n  s t a t e  com plex . F o r  i r o n  

com p lex es  t h e  d i f f e r e n t  c o l o u r s  o f  t h e  two com plexes  make 

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

[F e p h en ? ]^ *  A . [F e p h e n ? ]^ *J . T J

deep  r e d  l i g h t  b lu e

”f e r r o i n "  " f e r r i i n "

I n  t h e  p r e s e n t  work a l l  t h e  com plexes  w e re  made fro m  t h e  

[C ophengC lg l*  Io n  w hich  i t s è l f  was made by o x i d i s i n g  

w i th  c h l o r i n e  t h e  Co I I  com plex .

•  e
[C ophengC lg] ---------- > [C ophengC lg]*

No Co I I I  b i s p h e n a n t h r o l i n e  c o m p lex es  h a v e  been  

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

r e s o l u t i o n  o f  t h e  [C o p h e n ^ ]^ * ,  ( p a g e  ) .  l a c k  o f  

s u c c e s s  i n  r e s o l v i n g  c i s  [C ophen^C lg]*  c a n  be  e x p la in e d  

by  t h e  r a p i d  a q u a t i o n  t h e  compound u n d e rg o e s  i n  a q u eo u s  

s o l u t i o n ,  w hich  would be e x p e c te d  t o  b e  accom pan ied  by 

r a c é m i s a t i o n .  A t te m p ts  a t  r e s o l v i n g  [CophengCO^]* 

l e a d  t o  t h e  f o r m a t io n  o f  i n s o l u b l e  [ C o t l I ï p h e n g C lg ] ^ .

1 ,1 0  p h e n a n t h r o l i n e  was u s e d  a s  a  l i g a n d  s i n c e  

i t  l a c k s  h y d ro g e n  a tom s d i r e c t l y  bound t o  t h e  c o o r d i n ­

a t i n g  n i t r o g e n .  I f  t h e  c o n ju g a te  b a s e  m echanism  i s  

i n  g e n e r a l  o p e r a t i v e ,  i t  i s  im p o s s ib l e  h e r e ,  and t h e



X>1

h y d r o l y s i s  sh o u ld  t h e r e f o r e  b e  s lo w  and  in d e p e n d e n t  o f  

b a s e  c o n c e n t r a t i o n .  F u r t h e r ,  s i n c e  t h e r e  i s  no c i s /  

t r a n s  i s o m é r i s a t i o n ,  [ b u t  s e e  p a g e s  11^1 - 1 5 1  ] t h e  c i s

[Cophen2 ( 0H )2 ]^ io n  w i l l  be  form ed s o l e l y , u n l i k e  t h e  

e th y le n e d ia m in e  s y s te m  w h ere  an  e q u i l i b r i u m  m ix tu r e  o f  

t h e  c i s  and t r a n s  iso m e rs  i s  fo u n d .

The [Cophen2C0 ^ ]**' io n  y i e l d e d  t h e  c i s  

[Cophen2 ( 0H )2 ]^ io n  on h y d r o l y s i s .  A l t h o u ^  t h e  

sy s te m  was n o t  e x h a u s t i v e l y  a n a ly s e d ,  t h e  r a t e s  o b t a i n e d  

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

t r a t i o n  i n  t h e  p r e s e n c e  of c h l o r i d e  i o n  p r o v id e d  t h e  

i o n i c  s t r e n g t h  was k e p t  c o n s t a n t .  t n  t h e  a b s e n c e  o f  

ad d ed  c h l o r i d e  t h e  r e a c t i o n  went more s lo w ly .  T h e re  

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

o r  s p e c i f i c  n a t u r e ,  w h ic h  h a s  n o t  b een  i n v e s t i g a t e d .

The com plex  i s  s t a b l e  i n  a q u eo u s  s o l u t i o n  a s  

sliown by  t h e  l a c k  o f  ch an g e  i n  th e  v i s i b l e  sp e c tru m  

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

some o t h e r  s p e c i e s  w i th  an e x a c t l y  s i m i l a r  s p e c t ru m  i s  

b e in g  fo rm e d .  On t h e  a d d i t i o n  o f  a l k a l i  t h e r e  i s  no 

im m e d ia te  ch an g e  i n  a b s o r p t i o n  a t  520 mji, b u t  a b s o r p ­

t i o n  s t a r t s  t o  d e c r e a s e  a f t e r  a  few m in u te s .  The 

i n i t i a l  l a c k  o f  c h an g e  i n  a b s o r p t i o n  s p e c t r a  c o u ld  be



e x p la in e d  by  t h e  f o r m a t io n  o f  t h e  h y d ro x o o a rb o n a to  

s p e c i e s  p r o v id e d  t h i s  h a s  t h e  same s p e c t tu m  a s  t h e  

c a r b o n a to  s p e c i e s .  By a n a lo g y  w i th  t h e  b i s e t h y l e n e -  

d ia m in e  com plex  t h i s  i s  r e a s o n a b l e  s i n c e  t h e  s p e c t r a l  

r e g i o n  w h e re  t h e  a b s o r p t i o n  [CoengCO^^^] Ts d i f f e r e n t  

t o  t h a t  o f  t h e  [CoengGO^]* io n  i s ,  i n  t h e  p h e n a n th r o ­

l i n e  co m p lex , o b s c u re d  by  t h e  s t r o n g  chang e  t r a n s f e r  

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

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

c h a r g e  was v e r y  much s h o r t e r  and u n d e t e c t a b l e  when an  

i o n i c  s t r e n g t h  e q u i v a l e n t  t o  0*267 N was u s e d  .

[C o p h e n jC O ^ r  + OH" > [CophengCO^C OH) ] °

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

p l a c e  w i th  t h e  rem o v a l  o f  t h e  c a r b o n a t e .

[CophengCOjCOE)]* + OH" > [CophengCOHig]* + 0 0 ^ ^ "

No r a t e s  o f  t h e  i n i t i a l  d e c h e l a t i o n  h a v e  b e e n  

m e a su re d ,  a l th o u g h  q u a l i t a t i v e l y  t h e  r a t e  a p p e a r s  t o  

become s lo w e r  w i th  d e c r e a s e  i n  i o n i c  s t r e n g t h  and 

h y d r o x id e  c o n c e n t r a t i o n .

The r a t  eg w h ich  a r e  q u o te d  ( T a b le  Xi , p a g e  X\Ü) 

r e f e r  t o  t h e  c o m p le te  rem ova l o f  t h e  c a r b o n a t e .  The
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l o s s  o f  ol h y d ro g e n  atom s may be  r e s p o n s i b l e  f o r  t h e

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

t h i s  l o s s  d o e s  n o t  r e s u l t  in ^ s lo w  r a t e  r e l a t i v e  t o  

t h e  [CoeUgCO^]* a s  shown in  T a b le  .

TABLE 11̂

RELATIVE RATES FOR THE [CoengCOg]* and [CophengCO.]* IONS

[NaOH] T e m p e ra tu re  R a te

[CoengCO,]'^ 0-167 61-0 0-157

[CophengCO, ]■*■ 0-167 35*5 0-128

F u r t h e r  c h l o r i d e  io n  h a s  no a c c e l e r a t i n g  e f f e c t  on t h e  

e t h y l  e n e d i  am ine com plex . T h is  i s  m ost o b v io u s  a t  h ig h  

i o n i c  s t r e n g t h  m easu rem en ts  (0*267  N) w h e re  co m parab le  

m easu rem en ts  w ere  no t t a k e n  f o r  t h e  e t h y l  en e d i  amine 

s y s te m .

C l e a r l y  t h e  m echanism  of t h e  p h e n a n t h r o l i n e  

com plex  must b e  d i f f e r e n t  f rom  t h a t  o f  t h e  e t h y l e n e -  

d ia m in e  complex a s  i t  was a l s o  n o te d  t h a t  t h e  r a t e  o f  

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

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

a  m echanism .
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The s u b s t i t u t i o n  In  t h e  p h e n a n t h r o l i n e  com plex 

may go by an  e l e c t r o n  t r a n s f e r  m echanism . P h e n a n th r o ­

l i n e ,  a s  w e l l  a s  b e in g  a  good 6 d o n o r  due t o  t h e  p r e -
2

s e n c e  o f  t h e  sp d o n o r  o r b i t a l s  on t h e  n i t r o g e n ,  c a n  

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

s e n c e  o f  d e l o c a l i s e d  'TT o r b i t a l s  o f  t h e  a ro m a t ic  

s y s te m .  Thus i t  c a n  s t a b i l i s e  a c o b a l t  I I  i o n .

A c o b a l t  I I  io n  may b e  form ed a s  an  i n t e r m e d i a t e  and 

t h e  r e a c t i o n  can  be c o n s i d e r e d  t o  t a k e  p l a c e  by t h e  

r e a c t i o n  se q u e n c e  p ro p o s e d  by G i l l a r d .  (p a g e  ) .

I l l

I I[phen,Co-^-^(OH)(OH.)] + CO,^" i

[phen,Co^^^(OH)CO,]OH

[phengCoIIfOHOCO.jOH.

[phenoCo^^^C 0H)_]*

T h e re  i s  f a i r l y  good  e v id e n c e  f o r  t h i s  m echanism

fro m  a  g e n e r a l  c o n s i d e r a t i o n  o f  p h e n a n t h r o l i n e  c o m p le x e s .
-be

The c r i t i c a l  f a c t o r  i s  f o r  t h e  c o b a l t  I I  com plex  t o  ^ s u f f i ­

c i e n t l y  s t a b l e  t o  a l lo w  exch an g e  o f  l i g a n d s  be tw een  t h e  

i n n e r  and  o u t e r  c o o r d i n a t i o n  s p h e r e s .  M easurem ents  on 

t h e  o x i d a t i o n  p o t e n t i a l  ( iL ^of t h e  sy s te m  [C o p h e n ^ J^ V  

[C ophen^]^*  show t h a t  t h e  c o b a l t  I I  com plex  i s  t h e  more
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s t a b l e .  I t  h a s  a l s o  b e e n  shown [ S l j th a t  t h e  d i s s o c i a ­

t i o n  r a t e  o f  [C ophen^]^*  i s  v e r y  much f a s t e r  t h a n  f o r  

[C ophen^]^*  s i n c e  [C ophen^]^*  c a t a l y s e s  t h e  ex change  

o f  [C ophen^]^*  w i t h  uncom plexed  c a r b o n  14 .

A v a r i a t i o n  on t h i s  e l e c t r o n  t r a n s f e r  m echanism  

w h ich  c a n  be  c o n s i d e r e d  i s  a  c o b a l t  I I  c a t a l y s e d  s u b s t i ­

t u t i o n  w i th  c o b a l t  I I  b e in g  p r e s e n t  a s  an  im p u r i t y  i n  

c a t a l y t i c  am ounts i n  t h e  o r i g i n a l  com plex . The t  wo 

m echanism ^do n o t  s u b s t a n t i a l l y  d i f f e r  o n ly  i n  t h e  i n i ­

t i a l  p r o d u c t i o n  o f  c o b a l t  I I .  A v a r i a b l e  amount o f  

t h e  c a t a l y t i c  im p u r i ty  c o u ld  a l s o  a c c o u n t  f o r  t h e  e r r a t i c  

n a t u r e  fo u n d  i n  t h e  r e s u l t s ,  A c o b a l t  iT  im p u r i t y  p r o ­

v i d i n g  a  c a t a l y t i c  pa thw ay  was f i r s t  s u g g e s t e d  t o

a c c o u n t  f o r  t h e  exch an g e  o f  [C ophen^]^*  i n  n e u t r a l  s o l u ­

t i o n .  I n  a c id  s o l u t i o n  t h e r e  was no ex chan ge  and t h e  

r a t e  i n  n e u t r a l  s o l u t i o n  was fo u n d  t o  v a r y  w i th  t h e  

sam ple  o f  com plex , A l t h o u ^  e l e c t r o n  t r a n s f e r  b e tw ee n  

C o l l  and Co I I I  c o m p le x e s  i s  g e n e r a l l y  s low  i t  i s  n o t  so  

i n  t h i s  c a s e .  The g e n e r a l  s lo w n e ss  i s  e x p la in e d  by 

im a g in in g  a  l a r g e  e n v i r o n m e n ta l  c h an g e  b e tw e e n  Co I I  

and  Co I I I  w h ich  makes f u r t h e r  r e a d j u s t m e n t  im p ro b a b le .  

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

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

e l e c t r o n  c lo u d  o f  t h e  a ro m a t i c  s y s te m . I n  t h e  a b s e n c e
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o f  any  Co I I  io n  t h e  ex ch an g e  r e a c t i o n  o f  [C ophen^]^*  

i n  n e u t r a l  s o l u t i o n  I s  s lo w  w hich  i s  u n re m a rk a b le  

s i n c e  i t  i s  a  d i a m a g n e t ic  i n n e r  o r b i t a l  com plex .

F u r t h e r ,  no ex ch ange  i s  o b s e rv e d  f o r  [C oen^]^*  w i th  C^^ 

l a b e l l e d  e th y le n e d ia m in e  w h e re a s  i n  t h e  p r e s e n c e . o f  

c a t a l y t i c  am ounts  o f  Co H  a  s lo w  b u t  m e a s u ra b le  e x ­

c h a n g e  i s  fo u n d .

T h is  e l e c t r o n  t r a n s f e r  m echanism  d o e s  n o t  e x p la in  

t h e  o b s e rv e d  c a t a l y s i s  by sodium  c h l o r i d e .  From t h e  

p r e s e n t  e v id e n c e  i t  i s  im p o s s ib le  t o  sa y  w h e th e r  t h i s  

a c c e l e r a t i o n  i s  o f  a  s p e c i f i c  or g e n e r a l  n a t u r e .  The 

c h l o r i d e  io n  may s t a b i l i s e  t h e  io n  p a i r  co m plex , d e c r e a s ­

in g  t h e  a c t i v a t i o n  e n e rg y  and t h e r e b y  a c c e l e r a t i n g  t h e  

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

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

may be u s e d  t o  o x i d i s e  c o b a l t  I I ,  t h e  c h l o r i d e  may r e d u c e  

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

t r a n s  [C o p y ^ C l^ jC l.  when t h i s  i s  d i s s o l v e d  i n  w a te r  

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

t r a n s  [C o py^C l^JC l ç   > C o l l  + py  + C lg

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

i o n  may be a c t i n g  i n  a  s i m i l a r  way i n  t h i s  i n s t a n c e .



I l l

On t h e  b a s i s  o f  t h i s  e l e c t r o n  t r a n s f e r  mecha­

n ism  i t  i s  q u i t e  s u r p r i s i n g  t h a t  a  Go I I I  com plex  i s  

t h e  f i n a l  p r o d u c t*  # ie n  t h e  o t h e r  co m p lex es  i n  t h i s

s e r i e s  w e re  exam ined [Cophen2 (C20^ ) ] C l ,  [C o phen^m alJC l, 

[Cophen^GBjCl, a  b l a c k  p r e c i p i t a t e  o f  c o b a l t  I I  o x id e  

w e re  fo rm e d .  The l a s t  tw o co m p lex es  d i f f e r  f rom  t h e  

f i r s t  i n  b e in g  s t a b l e  i n  l i g h t . The [C o p h e n 2 (0 2 0 ^ )]*  

i o n  r a p i d l y  decom posed t o  fo rm  [Cophen2C l2 ] ° ,  t h e  

c o b a l t  I I I  b e in g  r e d u c e d ,  t o  t h e  c o b a l t  I I  by t h e  

o x a l a t e  g r o u p .

I n  g e n e r a l  ag reem en t w i t h  c h e l a t e  r i n g  s t a b i ­

l i t y  j i t  was shown t h a t  t h e  f iv e -m em b ere d  r i n g  i n ­

c o r p o r a t i n g  t h e  o x a l a t e  g ro u p  i s  m ore s t a b l e  th a n  t h e  

s ix -m em b ered  r i n g .  The m a lo n a te  g ro u p  c an  b e  r e p l a c e d

by n i t r i t e  a t  room t e m p e r a t u r e  by  r e a c t i o n  w i th  a l k a l i  

m e ta l  n i t r i t e  s o l u t i o n s  w h i l s t  w i t h  t h e  o x a l a to  com plex 

no r e p l a c e m e n t  o c c u r s . A t te m p ts  t o  make t h e  s u c c i n a t o  

com plex  w ere  u n s u c c e s s f u l  due  t o  t h e  low  s t a b i l i t y  o f  

t h e  seven-raem bered  r i n g .



5 . INFRA RED SPECTRA OF BIS I . I Q  PHENANTHROLINE COBALT H I  
COMPLEXES

a )  P r o d u c t i o n  o f  s p e c t r a

A l l  t h e  s p e c t r a  w e re  t a k e n  by thft d i s c ,  m ethod 

u s i n g  p o ta s s iu m  b ro m id e  a s  a  m a t r ix  m e d ia .  The s p e c t r t t ^ i  

f o r  1 ,1 0  p h e n a n t h r o l i n e  h y d r a t e  c o r r e s p o n d s  c l o s e l y  t o  

t h e  p u b l i s h e d  s p e c t r a   ̂ l 'i l)  t a k e n  i n  n u j o l .  T h e re ­

f o r e  t h e  g r i n d i n g  and c o m p re s s io n  in v o lv e d  i n  t h e  p r o ­

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

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

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

c h an g e  w i th  t h e  p o ta s s iu m  b ro m id e  m a t r i x  w i l l  t a k e  

p l a c e .  ( h V) o rd e r  t o  r e d u c e  t h i s  t o  a  minimum t h e  

s p e c t r a  w ere  t a k e n  im m e d ia te ly  t h e  d i s c  h a d  been  fo rm ed  

and a g a i n  20 m in u te s  l a t e r .  Only i n  t h e  c a s e  o f  t h e  

[Cophengm al]C1 was any ch an g e  i n  t h e  s p e c t ru m  o b s e r v e d .

I n  g e n e r a l ,  io n  i n t e r c h a n g e  d o e s  n o t  t a k e  p l a c e .  Un­

s a t i s f a c t o r y  s p e c t r a  w ere  u n i f o r m l y  o b ta in e d  u s i n g  t h e  

m u l l in g  m ethod; t h e  m u l l i n g  a g e n t s  t r i e d  w e re  n u j o l ,  

h  ex a c h l  o r  © b u ta d ie n e  and Kel F n o . 3 .  The r a n g e  o f  t h e

s p e c t r a  (6 5 0 -5 0 0 0  cm .*^) was g o v e rn e d  by t h e  r a n g e  o f  

t h e  SP 200 s i n c e  t h i s  was t h e  o n ly  i n s t r u m e n t  on w h ich  

i t  was p o s s i b l e  t o  u s e  d i s c s .



115.

t )  1 .1 0  P h e n a n t h r o l l n e  m e ta l  com plex  s p e c t r a

S c h i l t  and T a y lo r  w ere  t h e  f i r s t  a u t h o r s  ( \ l O t o  

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

s p e c t r a  o f  s e v e r a l  1 ,1 0  p h e n a n t h r o l i n e  m e ta l  c o m p le x e s .  

O th e r  p a p e r s  h a v e  more r e c e n t l y  a p p e a re d  on t h e s e  

co m p lex es  h u t  none on h i s  1 ,1 0  p h e n a n t h r o l i n e  c o h a l t  I I I  

c o m p le x e s .

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

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

o f  t h e  co m p lex .  T h e re  h a v e  b e e n  no s y s t e m a t i c  s t u d i e s  

ôn t h e  v i b r a t i o n a l  f r e q u e n c i e s  o f  1 ,1 0  p h e n a n t h r o l i n e  b u t  

a c c o r d in g  to  B e llam y  many g e n e r a l i s a t i o n s  b a se d  on 

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

c y c l i c  a ro m a t i c  com pounds. I t  h a s  b e e n  o b s e rv e d  

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

h y d ro g e n  d e f o r m a t io n  v i b r a t i o n s ,  t h e  out o f  p l a n e  h y d ro g en  

d e f o r m a t io n  v i b r a t i o n s  a p p e a r  t o  be  l i k e  t h o s e  o f  b e n ze n e  

compounds c o n t a i n i n g  a d d i t i o n a l  s u b s t i t u e n t s .  The

n o rm al v i b r a t i o n s  o f  h e t e r o - a ro m a t i c  compounds h a v e  b een  

d i v i d e d  i n t o  two c l a s s e s :

a) t h o s e  i n  w h ich  t h e  h y d ro g e n  a tom s move r e l a t i v e  t o  

, t h e  h e a v y  s k e l e t o n ;

b ) t h o s e  i n  w h ich  e a c h  C-H or N-H g ro u p  moves a s  a
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u n i t .  S in c e  s i m i l a r  m a sse s  a r e  i n v o lv e d ,  t h e  

s u b s t i t u t i o n  o f  lî f o r  CH w ould  h a v e  l i t t l e  e f f e c t
tKê

on t h e  n o rm al v i b r a t i o n s  o f ^ c l a s s  ( b ) .

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

r i n g ,  t h e r e  w i l l  be  3n CH t y p e  modes and i n  eac h  g roup  

t h e  n  modes w i l l  be  c o u p le d .  The fu n d a m e n ta l  a b s o r p ­

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

d i f f e r e n t  p a r t s  o f  t h e  sp e c tru m : CH s t r e t c h i n g  n e a r

3000 cm. t i n  p l a n e  CH b e n d in g  i n  t h e  r e g i o n  1 300-1000  

c m . a n d  o u t  o f  p l a n e  CH b e n d in g  i n  t h e  r e g i o n  1000 -  

700 o m . ' l

I n f r a  r e d  s n e c t r a

The p o s i t i o n  and i n t e n s i t i e s  o f  t h e  i n f r a  r e d  

b a n d s  i n  t h e  s p e c t r a  o f  1 ,1 0  p h e n a n t h r o l i n e  h y d r a t e  and 

some o f  i t s  co m plexes  a r e  g iv e n  i n  T a b le s  I S  and I L  

G raphs 31̂  31 cwr\,(L 3%,

T he700-900  cm .~^ r e g i o n

I n  p h e n a n t h r o l i n e  and i t s  co m p lex es  two s t r o n g  

b a n d s  a p p e a r  a t  a b o u t  710 and 855 cm ."^  T h is  i s  t h e  

number e x p e c te d  s i n c e  t h e r e  i s  one g ro u p  of two and two 

g r o u p s  o f  t h r e e  a d j a c e n t  h y d ro g e n  atom s i n  t h e  r i n g  

sy s te m .
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TABLE 15

IKFRA BED STRETCHING FREQUENCIES IH THE 4 0 0 0 -7 0 0  cm.~^ 
EEGIOH EOE phehHgO, CIS [C apheng C lgJC l ABD THE GEEEN

CHLORIDE

phehHgO CIS
[C ophen2C l2 ]C l

G re en
C h lo r id e Band A ss ig n m e n ts

695 (d )+
735 ( v s ) 710 ( v s )

720 ( s h )  
745 (w)

710 (v s )

720 ( s h )  
750 (w)

o u t  o f  p l a n e  m o tio n  o f  
H a tom s on h e t e r o c y c l i c  
r i n g s

779 (w) 780 (wd) 780 (wd)
840 ( s h ) 841 ( v s )
854 ( v s ) 855 ( v s ) 845 (v s ) o u t  o f  p l a n e  m o tio n  o f  

H a tom s on t h e  c e n t r e  r i n g
989 (w)

1030 (vw) 1030 (m) r i n g  b r e a t h i n g  modes
1090 (iti) 1090 (w) 

1100 (w)
1135 (m) 1140 (m) 1140 (wd)
1210 (w) 1215 (m) 1220 (m)

[ c o n t i n u e d  en n e x t  p a g e ]
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phenBgO
r C is
[C ophen2C l2]01 G reen

C h l o r id e
Band a s s ig n m e n ts

1310 (wd) 1310 (md)

1342 (m) 1340 (m) 1340 (wd)

1400 ( s h ) 1410 (m) 1410 ( s )

1420 ( v s ) 1420 ( v s ) 1425
1455

( v s )
(w)

C •  C s t r e t c h i n g  v i b r a t i o n s

1480  (w) 1480 (w) 1490 (w)
1497 ( s h )
1508  ( s ) 1515 ( s ) 1515 ( s ) r i n g  f r e q u e n c y
155 5(m) 1555 (w)

1570 (m) 1570 (m)
1580  (m) 1600 (w) 1595 (m) r i n g  f r e q u e n c y
1630  (w) 1630 (w) 1620 (w)
1640 (w) 1640

1700
(w)
(w)

1640 (w)

3050  ( s h ) 3050 ( s h ) 3000 (m) C - H  s t r e t c h i n g  v i b r a t i o n
3390 ( s d ) 3390 ( s d ) 3350 ( s d ) A n tisy m m e tr ic  and sym m etr ic  

0 -  H s t r e t c h i n g  modes

+ 0 « s t r o n g ;  m » medium^ w -  w eak; d = d i f f u s e ;
V » v e r y ;  sh  « s h o u l d e r .



111.

-1
TABLE 15 .

INERA RED STRETCHING FREQUENCIES IE  THE 4000-700  cm.
REGION FOR [CophengCO ^jC l, [Copheri2C2C^]Cl, [ Cophen2 m al]Cl

and [Cophen^CBjCl

[CophgngCOy]
Cl

[Cophen2C20^]
C l

[Cophen2iT»al]
C l

[C@phen2CB]
C l

Ass Igrunent s

710 ( v s )  

 ̂ 745 (vw)

710 ( v s ) 710 ( v s ) 710 ( v s ) o u t  o f  p l a n e  
m o tio n  o f  H 
atom s on h e t e r ­
o c y c l i c  r i n g

745 (vw) 740 (vw)
755 (vw) 750 (vw) 750 (vw)
785 (wd) 780 (w) 

795 ( s )
785 (w) 790 (vw)

(O—c=o) +
V  (M-0)

830 (m) 810 (vw)
855 ( v s ) 855 ( v s )  

855 (vw)

855 ( v s )  

980 (w)

855 (v s ) ou t o f  p l a n e  
m o tio n  o f  H 
atom s on 
c e n t r i n g
v s  (C-O) +

( 0—c=o)

1030 (vw) 1040 (vw) ;

1090 (vw) r i n g  b r e a t h i n g  
modes

1105 (vw) 1110 (vw) 1100 (m)
1150 (m) 1145 (m) 1150 (m) 1140 (m)
1200  (m) 1210 (m) ■1200 (m)
1220 (m) 1220 (m) 1220 .(m) 1220 (m) '

[ c o n t i n u e d  on n e x t  p a g e ]
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130

[Cophen2C0^] [Cophen2C20^] [C®phen2mal] [C®phen2CB] A ss ig n m e n ts
C l C l Cl C l

1240 ( s )
1310 (wd) 1315 (m) 1320 (m)
1340 (w) 1340 ( s ) 1345 ( s ) 1345 ( s )

1370 ( v s ) 1390 ( v s ) 1350 ( v s ) v s (C -0 )+ v (C -C )
1410 ( s h ) 1410 ( s h ) 1410 ( v s ) 1410 ( s )
1425 ( v s ) 1425 ( v s ) 1435 ( v s ) 1425 ( v s ) C»C s t r e t c h i n g  

v i b r a t i o n
1460 (w) 1455 (w) 1460 (w) 1455 (w)
1490 (w) 1490 (w) 1495 (w) 1490 (w)
1520 ( s ) 1508 ( s ) 1525 ( s ) 1520 ( s ) r i n g  f r e q u e n c y
1555 ( s h ) 1550 (w) 1550 (w) 1540 (w)
1570 (m) 1570 (m) 1560 ( s h ) 1560 ( s h )
1600  ( s h ) 1600 (w) 1580 ( s h ) 1580 ( s h ) r i n g  f r e q u e n c y

1610 ( v s )  ' 1610 ( v s ) V a s  (C-O)
1630 ( v s ) 1630 (m) 1635 ( v s ) 1630 (v s )
1650 ( v s ) 1660 ( v s ) V a s  (C»0)

1690 ( v s ) 1680 ( s h ) V as(C -O )
3050 ( m ) 3050 (m) 3050 (m) 3050 (m) C-H s t r e t c h i n g  

v i b r a t  io n
3400 ( s d ) 3350 ( s d ) 3450 ( s d ) 3400 ( s d ) Ant ± sym m etric

and sym m etric  
O-H s t r e t c h i n g  
mode

s  -  s t r o n g ;  m 
sh  -  s h o u l d e r .

medium; w » weak* d « d i f f u s e ;  v  -  v e r y ;
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I n  h y d r o c a r b o n s ,  t h e  f r e q u e n c y  s h i f t s  u pw ards  

a s  t h e  number o f  a d j a c e n t  a tom s i n  a  g ro u p  d e c r e a s e s .

On t h i s  b a s i s ,  t h e  710 c m ." ^  i s  a s s i g n e d  t o  t h e  o u t  o f  

p l a n e  m o tio n  o f  t h e  h y d ro g e n  atom s on t h e  h e t e r o c y c l i c  

r i n g s  and t h e  850 c r r .”^ t o  t h e  h y d ro g e n s  on t h e  c e n t r e  

r i n g .  O th e r  weak b a n d s  i n  t h e  r e g i o n  due t o  t h e  

p h e n a n t h r o l i n e  h a v e  n o t  b e en  u n a m b ig u o u s ly  a s s ig n e d  b u t  

p r o b a b l y  a r i s e  f ro m  ou t o f  p l a n e  h y d ro g e n  m o tio n s  o t h e r  

t h a n  t h e  one i n  w hich  a l l  t h e  a tom s move i n  p h a s e .  -An 

j a l t e r n a t i v e  e x p l a n a t i o n  i s  a l s o  g i v e n ,  s e e  p a g e  1 3 ] .

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

o f  t h e  c a r b o x y l a t e  l i g a n d .  I n  [Cophen2C2 0 4 ]C l b an d s  

a r e  o b se rv e d  a t  795 c m .”^  and 885 cm .“^ a n d ,  b y  a n a lo g y ,  

t h e s e  a r e  a s s i g n e d  t o  t h e  sum o f  t h e  d e f o r m a t io n  f r e ­

quency  0 -  C = 0 w i th  t h e  Co -  0 s t r e t c h i n g  f r e q u e n c y  

and t o  t h e  sum o f  t h e  d e f o r m a t i o n  0 -  C -  0 w i th  t h e  

0 - 0  sym m etr ic  s t r e t c h  f r e q u e n c y .

The 1125-1400  r e g i o n

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

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

g e s t e d  t h a t  t h e y  may a r i s e  from  in  p l a n e  h y d ro g e n  d e ­

f o r m a t io n  m o tio n s  or p o s s i b l y  r i n g  v i b r a t i o n s .  T h e re



l i s .

a r e  t h r e e  m ain  b a n d s  i n  t h i s  a r e a ,  1 1 4 0 , 1220 and  1342 

cm* t h e  p o s i t i o n  o f  w hich  r e m a in  s e n s i b l y  c o n s t a n t .

I n  a d d i t i o n  t o  t h e  b a n d s  due t o  t h e  p h e n a n t h r o l i n e  l i g a n d ,  

t h e r e  a l s o  o c c u r s  i n  t h e  d i c a r b o x y l a t o  co m p lex es  a  band 

a t  a b o u t  1370 c m ."^  w h ic h  h a s  b e e n  a s s i g n e d  t o  t h e  sum 

o f  t h e  sy m m etr ic  0 - 0  f r e q u e n c y  and t h e  C -  C f r e q u e n c y .

The sp e c t ru m  o f  t h e  [CophengCO^JCl i s  u n iq u e  i n  

t h i s  s e r i e s  i n  h a v in g  a  s t r o n g  band a t  1240  c m . O n  

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

d uced  from  ^  t h e  f r e e  io n  t o  Cg on mono c h e l a t i o n  

and CgY on b i c h e l a t i o n .  T h is  r e s u l t s  i n  t h e  d o u b ly  

d e g e n e r a t e  v i b r a t i o n s ,  v^ and v ^  s p l i t t i n g  i n t o  tw o 

s e p a r a t e  b a n d s .

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

much l a r g e r  i n  t h e  c a s e  o f  b i c h e l a t i o n .  The

s p l i t t i n g  o f  t h e  v^ band  ( o c c u r r i n g  a t  1500 cm .~^  in  

sod ium  c a r b o n a t e )  r e s u l t s  i n  t h e  o b s e rv e d  component a t  

1240 cm .” ^f t h e  o th e r  component o c c u r r i n g  a t  a b o u t  

1640 cm .” ^ w here  t h e  s p e c t r u m  i s  t o o  c o m p l ic a te d  f o r



any  unam biguous a s s ig n m e n t .

C h e l a t i o n  o f  a n  o x a l a t e  g ro u p  r e s u l t s  i n  n i n e  

i n f r a  r e d  a c t i v e  b a n d s ,  b u t  a p a r t  from  t h e  0 - 0  b a n d s  

t h e s e  h a v e  n o t  b e e n  a s s i g n e d .  JE m pirica l band  a s s i g n ­

m en ts  h a v e  b e en  made f o r  many t r i s o x a l a t o  m e ta l  c o m p lex es  

b y  c o m p a r is o n  w i th  t h e  s p e c t ru m  o f  However

t h i s  c o m p a r is o n  i s  n o t  c o m p le t e ly  s a t i s f a c t o r y  s i n c e  i n  

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

modes i s  e x p e c te d .  Band a s s ig n m e n ts  h a v e  a l s o  b e e n  

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

f r e e  o x a l a t e  i o n ,  b u t  a g a in  t h e  same r e s e r v a t i o n s  must 

b e  made ab o u t t h e  a p p l i c a b i l i t y  o f  t h i s  t o  c h e l a t e  s y s te m s .  

The b a n d s  h e r e  h a v e  b e e n  a s s i g n e d  by  c o m p a r is o n  t o  t h e  

[Co( ^ ] i o n .

The 1400 -  1650 cm .~^  r e g i o n

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

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

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

t h e  c a r b o n y l  g ro u p .  The d i s c e r n a b l e  r i n g  f r e q u e n c i e s  

o c c u r  a t  14 2 0 , 1508 and  1580 c ra .* ^ ,  t h e  l a t t e r  two b a n d s  

b e in g  d i s p l a c e d  t o  l o n g e r  w a v e le n g th  on c o o r d i n a t i o n .

O th e r  r i n g  f r e q u e n c i e s  a t  1630 and 1640 cm .“^ t e n d  t o  be
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on
o b s c u r e d /c o m p le x in g  by t h e  v e r y  much s t r o n g e r  OLsymmetric 

v i b r a t i o n  due t o  t h e  c a r b o n y l  g ro up  b e tw e e n  1610 and 1690 

cm, , t h e  e x a c t  p o s i t i o n  d e p e n d in g  upon  t h e  p a r t i c u l a r  

c o m p lex . The band  a t  1630 cm .~^ may a l s o  b e  due  t o  t h e  

H -  0 -  H b e n d in g  mode due t o  t h e  p r e s e n c e  o f  l a t t i c e  

w a t e r .

The 3000 cm .~^ r e g i o n

es
A l l  t h e  complex^ c o n s i d e r e d  e x i s t  a s  h y d r a t e s .  

T h is  r e s u l t s  i n  an i n t e n s e  d i f f u s e  band  a t  a b o u t  3400 

cm .“ ^  due  t o  t h e  a n t i s y m m e t r i c  and sy m m etr ic  O - H  

s t r e t c h i n g  m odes. I n  a d d i t i o n  t o  t h i s  band t h e r e  i s  

a l s o  p r e s e n t  a  band  a t  3050 c m ." ^  due  t o  C -  H s tc e tc h in g  

f r e q u e n c y .

The n a t u r e  o f  t h e  C o b a l t - H i t r o g e n  bond

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

p a r t i c u l a r  i n t e r e s t  s i n c e  t h e y  p r o v id e  d i r e c t  in fo rm a ­

t i o n  a b o u t  t h e  c o o r d i n a t e  bon d . I n  co m p lex es  c o n t a i n ­

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

i s  u s u a l l y  be low  300 cm ."^  and so  c o u ld  n o t  be  m easu red  

d i r e c t l y  in  t h i s  w ork , a l t h o u ^  t h i s  i s  s u b j e c t  t o  some 

d e b a t e .  110̂

I t  h a s  b e e n  s u g g e s te d  t h a t  t h e  c o n j u g a t i o n



o f  IT e l e c t r o n s  on t h e  p h e n a n t h r o l i n e  i s  f u r t h e r  d é ­

l o c a l i s é !  by t h e  d ev e lopm en t o f  a  p a r t i a l  d o u b le  bond 

o f  t h e  Co -  N.

Co

H

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

q u e n c i e s  sh o u ld  be  much w e a k e r .  I n d e e d  t h e  1497 c m .” ^ 

band  i n  t h e  p h e n a n t h r o l i n e  h y d r a t e  i s  m is s in g  on c h e l a ­

t i o n .  T h is  bond i s  a s s i g n e d  t o  s t r o n g  c o u p l i n g  b e tw ee n  

t h e  C -  C and  C -  s t r e t c h i n g  v i b r a t i o n s .  However t h e  

band a t  I 5O8 c m ." ^ ,  t h o u - ^ t  t o  b e  due t o  t h e  same c a u s e  

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

The same r e s o n a n c e  form  c a n  be  u s e d  i n  t h e  i n t e r ­

p r é t â t !  on o f  t h e  C - H  b e n d in g  m odes , (ss) The t h r e e  

p a i r s  o f  C -  H b e n d in g  modès become in  e q u i v a l e n t  i f  t h e r e  

i s  a  s i g n i f i c a n t  c o n t r i b u t i o n  o f  r e s o n a n c e  fo rm s  l i k e  I I  

and  I I I .  Thus t h e  s i n g l e  p e a k  becom es s p l i t  i n t o  

t h r e e ,  7 1 0 , 720 and 745 c m ." ^  a s  i s  o b s e rv e d  f o r  t h e



M l

c i s  [Cophen2C l2 ]C l and t h e  g r e e n  c h l o r i d e .  S p l i t t i n g  

i s  a l s o  o b s e rv e d  i n  t h e  c a r b o x y l a t o  c o m p lex e s  a l th o u g h  . 

t h e r e  i s  no ban d  a t  720 cm ."^  b u t ,  e x c e p t  f o r  t h e  o x a la to -  

com plex , a  weak ban d  i s  fo u n d  a ro u n d  750 cm .“ ^

It" seems l i k e l y  t h a t  t h e  r e s o n a n c e  fo rm s  shown 

e x e r t  a  s t a b i l i s i n g  i n f l u e n c e  on t h e  com plex .
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6 . coMPomms op aoBAiT. pheuaiœ hrqiine A m  ch lo r ih e

H i s t o r i c a l  I n t r o d u c t i o n

The f i r s t  compounds t o  h e  made i n  t h i s  g r o u p  

wcYQ [C o p h en ^ jC l^  and [G ophen^jC lg*  More r e c e n t l y  

t h e  [C o p h en g C lg jC l was made and t h i s  p r e p a r a t i o n  h a s  

b e e n  r e p e a t e d  i n  t h e  p r e s e n t  s t u d y ,  ( p a g e  1] ^  ) •

l )  A ssignm en t o f  t h e  c i s  c o n f i g u r a t i o n  t o  t h e  
[C o p h en g C lg jC l com plex

T h is  g r e y  p u r p l e  c r y s t a l l i n e  powder was a s s i g n e d  

a  c i s  c o n f i g u r a t i o n  b y  A blov . (l') T h is  a s s ig n m e n t  was 

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

[Coen2C l2 ]0 l .  Ho i s o m e r ic  s a l t s  w e re  i s o l a t e d  a l ­

th o u g h  t h e  v i o l e t  com plex  was h e a t e d  f o r  some t im e  w i th  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  U nder t h e  same c o n d i ­

t i o n s  t h e  v i o l e t  c i s  [C o e n ^ C lg jC l  i s  c o n v e r t e d  t o  t h e  

g r e e n  t r a n s  [Coen2C l2 ]C l .

I t  was a l s o  shown t h a t  t h e  [Cophen2 C l2 ]* 

i o n  u n d e rg o e s  a q u a t io n  i n  s o l u t i o n ,  b u t  w i t h  s u f f i c i e n t  

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

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

t h e  [Cophen2 (E 2 0 ) 2 ]3+ i o n  a f t e r  90 h o u r s  o f  h e a t i n g .
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T h ese  m ild  a q u a t i o n  c o n d i t i o n s  e x c lu d e  t h e  p o s s i b i l i t y  

o f  i s o m é r i s a t i o n  and t h e r e f o r e  t h e  [C ophengC lg]*  i o n  

fo rm ed  must be  a s s i g n e d  t h e  c i s  c o n f i g u r a t i o n  s i n c e  

t h e  [CophengCOj]* io n  g i v e s / s ^ e  [CophengCHgOjg]^* 

i o n  on  a c i d i f i c a t i o n .

2 ) The g r e e n  c h l o r i d e

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

on p a g e  , I t  was o r i g i n a l l y  t h o u g h t  t o  b e  t h e

t r a n s  [Cophen2C l2 ]* i o n ,  t h e  t r a n s  [C oen2C l2 ]^ io n  

a l s o  b e in g  g r e e n .  I n  n i t r o b e n z e n e  a  g r e e n  s o l u t i o n  

was found  w h i l s t  i n  w a te r  a  p i n k  s o l u t i o n  was form ed 

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

f i r m e d  by t h e  i s o l a t i o n  o f  t r a n s  [Cophen2 (H2 0 ) 2 ] 

[Cr(UHj)2(SCH)^]. (IÇO

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

was an  i n t e r m e d i a t e  a q u a t io n  p r o d u c t ,  [Cophen2 (H2Û )C l] ,  

s i n c e  on d r y in g  t h e  c h a r a c t e r i s t i c  g r e y  p u r p l e  c r y s t a l s  

o f  c i s  [Cophen2C l2 ]C l w ere  fo rm ed .

E x p e r im e n ta l

The c i s  [Cophen2C l2 ]C l and  g r e e n  c h l o r i d e  w ere  

i s o l a t e d  a s  d e s c r i b e d  on p a g e  . As w e l l  a s  t h e s e

tw o compounds, two o t h e r  s o l i d s  w e re  i s o l a t e d  from  t h e  - 

s o l u t i o n  by p a r t i a l  e v a p o r a t i o n  and t h e  a d d i t i o n  o f  a
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1 : 1  s o l u t i o n  o f  a l c o h o l  and e t h e r .  The r e s u l t s  o f  

p h y s i c a l  m easu rem en ts  c a r r i e d  o u t  on t h e s e  compounds 

a r e  shown i n  T a b le  I ”] .

D i s c u s s io n

1 )  P o s s i b i l i t y  o f  c i s  and  t r a n s  i s o m e rs

The a s s ig n m e n t  o f  c i s  and t r a n s  s t e r e o c h e m i s t r y  

h a s  b e e n  c a r r i e d  ou t on t h e  b a s i s  o f  p h y s i c a l  m e a su re ­

m en t.  T h e re  i s  no im m ed ia te  f a c t o r ,  s u c h  a s  s t e r i c  

h i n d r a n c e  w h ic h  p r e v e n t s  t h e  [C ophengC lg]*  io n  a s  

e x i s t i n g  i n  c i s  and t r a n s  i s o m e r ic  fo rm s .

a )  U l t r a  v i o l e t  and v i s i b l e  s p e c t r o s c o p y

I t  h a s  b e e n  shown ( p a g e  1*!) ) t h a t  i n  i h e  r e g i o n  

o f  l i g a n d  f i e l d  a b s o r p t i o n  b a n d s ,  c i s  co m plexes  a b s o rb  

more s t r o n g l y  t h a n  t r a n s .  The v i s i b l e  a b s o r p t i o n  

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

o c c u r s  a t  a  l o n g e r  w a v e lo lg th  t h a n  f o r  t h e  t r a n s .

C is  [CoGUgClgjCl i s  p u r p l e  and t r a n s  [C oengC lgJC l i s  

g r e e n .  S i m i l a r l y  c i s  [Rhen2C l2 ]C l i s  y e l l o w  and 

t r a n s  [S p en 2C l2 JCl i s  o r a n g e .

I n  t h e  c a s e  o f  p h e n a n t h r o l i n e  c o m p le x e s ,  t h e  

l a r g e  c h a r g e  t r a n s f e r  band  due t o  t h e  p h e n a n t h r o l i n e



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

f i e l d  band would be  e x p e c t e d ,  a l th o u g h  a  s h o u ld e r  a t  

350 Tsp. i s  o f t e n  f o u n d .  T h e r e f o r e  any s t r u c t u r a l  a s s i g n ­

ment h a s  t o  b e  made on th e  b a s i s  o f  t h e  band  w hich o c c u r s  

a t  a b o u t  370 As h a s  b e e n  p r e v i o u s l y  s t a t e d  t h e

p u r p l e  c r y s t a l l i n e  [C ophenpO lg]*  i o n  h a s  b e e n  a s s i g n e d  

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

s e n c e  o f  any o t h e r  iso m er  w i th  w hich  t o  com pare i t ,  t h i s  

e v id e n c e  i s  i n c o n c l u s i v e .

The c o n c e p t  o f  more i n t ens e  c o l o u r  b e in g  d i a g ­

n o s t i c  o f  a  t r a n s  com plex  h a s  b e e n  u s e d  i n  t h e  a s s i g n ­

ment o f  t h e  [ i rp h e u g ^ Q ^ ^  i o n ,  X" « C l " ,  B r " .  T h is  i s  

shown i n  T a b le  1  % ,
%

1AB1.B 1%.

SÎEREOCHMISTRÏ œ  [ ir p h e n g Z g ] *  lO H â ON IBE BASIS OS COIODH

S I C o lo u r S t  e r e o c h e m is t r v

Cl" Y ellow c i s

C l ' R ed d ish -*
o ra n g e

t r a n s

Br" O rànge c i s

B r “ R e d d is h -
brown

t r a n s



TABLE 1"|.

SOME PHYSICAl BROPHÏTIES OE THE FOUR C0MP0ÏÏND3 ISOLATED 
BCEIHG EHEBREPARATIOH OS C lS fC o p h en g C lg lC l

Humb e r 932 1080 1079 1012

C o lo u r  i n  
s o l i d

b r i g h t
g r e e n

d a r k  g r e y g r e y p u r p l e d a r k
p u r p l e

A n a l y s i s  ^C
‘foE

49*22
3*72
9 -7 1

17*53

45*33
3*79
8*34

47*37
4*04
9*01

22*38

48*06
3*85
9*27

18*01
C o lo u r  i n  
a q u eo u s  s o lu ­
t i o n

y e l lo w o ra n g e b r i g h t
p i n k

d i r t y
c h e r r y

V i s i b l e  r e ­
f l e c t a n c e  
sp e c t ru m
yX max.up. 69 5 , 670 

635 , 475
6 95 , 670 
635, 550

550 550

O .L . •8 7 5 ,* 8 4 5  
.7 4 0 ,* 6 5 0  

( e h )  
( g r a p h  . 
p a g e

•9 0 5 ,* 9 0 5  
•8 8 5 ,* 6 8 0

•590 *590

(graph .14 .
p a g e

^  m in . wvp. 550 475 475 475
O.D. • 290 .6 3 0 *430 *405

V i s i b l e  s o l u ­
t i o n  sp e c t ru m

i s o s b e s t i o  
p o i n t s  mp

^m ax.

^ m in .  "P

s l i g h t  
ch an g e  on 

' s t a n d in g  
( g r a p h  . 
p a g e

505
465 ( s h )

s l i g h t  
c h a n g e  on 
s t a n d i n g

509

465

ch an g e

5 2 0 , 455
515 ( i n i ­
t i a l  and 
f i n a l )
4 6 5 ( i n i -

ch an g e

540
540 ( i n i ­
t i a l  and 
f i n a l )
4 7 0 ( i n i -

%5^ i i n a l ]



TABLE 11. (Confcimed)

932 1080 1079 1012

I n f r a  r e d  s p e c ­
t r u m  o u t  o f  
p l a n e  m o tio n  
o f  H a tom s on 
c e n t r e  r i n g .

8 5 0 ( s ) 8 5 0 ( e )
8 5 5 ( s h )

8 4 5 ( b)
8 5 5 (8 )

8 4 5 ( b)
8 5 5 ( b)

S o l u b i l i t y  i n  
n i t r o b e n z e n e

s l i g h t l y
s o l u b l e

s l i g h t l y
s o l u b l e '

i n s o l u b l e i n s o l u b l e

M agnet ism p a r a -  
m agnet i c

d iam ag n e ­
t i c

S t a b i l i t y  i n  
aq u eo u s  sodium  
h y d r o x id e .

decompose* 
y e l lo w  
so l u t  ion , ' 
g r a d u a l l y  
d a rk e n in g ,

1, decom poses slow
ch an g e

slo w
ch an g e

S t a b i l i t y  i n  
c o n e ,  h y d r o ­
c h l o r i c  a c i d

b r i g h t  
g r e e n  
s o l u t i o n  
(graphSb . 

p a g e  11+1 )

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

p a l e  p i n k  
s o l u t i o n  
( n o t  v e r y  
s o l u b l e )

i n s o l u b l e



Gum PU '

S OL I D ST/XTE H E F LE C T I^ N C t  S P E C T i l ^  FOP, C . l s [ C o p U w ^ a ] a  CO 

T U £  G t t c N  c m o ^ \ p e  ( x ) . ~

16,000

0.1*



G ufiPH 3^

S P E C T R A  O F  T H E  G R T E N  C H L O R I D E  | n  W A T E R .

I  ̂ \ v v v » v i t e U ( L l j i o v .  fov»wflk.i\0W o{ <>oUxh<iVv.
1 ,3 ,  s p « t h ^  out U io - j tk s  o j  K u ^ -
3,  3 0  KKHA.W.tîS t O k O k  t i s l H  IS KO yU.fd.&K CU.&-UJ8.
1 ,̂ SpA tirva  tUû, $ &ivlC Solu.kcjv. e ifF *v ’ oUtaH<jvi, ^ft-boruT 3 0 0  k i ls f ls )  

du.eL w i t k  CfirKt«iA.h«.lLflL k y  d .M ) C k l f k c  0 .a d L .

1*00

IS,000

W(LUtyut%%.b*y tvv̂ '



F u r t h e r  t h e  m o le c u la r  c o n d u c t i v i t i e s  i n d i c a t e d  

t h e y  w e re  1 :1  e l e c t r o l y t e s .

On t h e  b a s i s  o f  c o l o u r  a lo n e  i t  w ou ld  a p p e a r  

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

However t h i s  i s  n o t  s u p p o r te d  s i n c e  t h e  compound was 

fo u n d  t o  he  p a r a m a g n e t i c  and g av e  a  s o l i d  s t a t e  s p e c t r u m  

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

[C o C l^ ]2~, ( g r a p h  , p a g e  ) .

h ) I n f r a  r e d  s n e c t r o s c o n v

T h is  h a s  h e e n  s u c c e s s f u l l y  a p p l i e d  t o  t h e  s tu d y  

o f  t h e  c i s  and t r a n s  i s o m e rs  o f  h i s  e t  hy 1 e n e d i  am ine c o h a l t  

I I I  and rh o d iu m  I I I  c o m p le x e s .  I n  g e n e r a l  t h e  c i s  i s o ­

m ers  show a  s p l i t t i n g  o f  t h e  HH^ a s s y m m e tr ic  d e f o r m a t io n  

w h i l e  i n  t h e  t r a n s  com plex  t h e r e  i s  no s p l i t t i n g .  T h ese  

a r e  shown i n  T a h le  .

TABLE

SPLITTING OF THE ASSIMMETRIC DEFORMATION EREQHEECY IN 
COIvIPLEXES CF THE TYPE [MeUgClg]* M -  Co, E h , from

r e f s .  i\l> .
M St e r e o c h e m is t r v

—  *1
F re q u e n c y  cm ."

Co t r a n s 1596 ( s )
Co c i s 1 6 3 0 , (m ), 1561  ( s )
Eh t r a n s 1600
Eh c i s 1570 , 1625



The s i t u a t i o n  i n  b i s p h e n a n t h x o l i n e  c o m p lex es  

i s  l e s s  e a s i l y  i n t e r p r e t e d  s i n c e ,  i n  g e n e r a l ,  i t  i s  

found  t h a t  m e ta l  p h e n a n t h r o l i n e  co m p lex e s  a r e  a l l  v e r y  

s i m i l a r  (\3\) and i n  t h e s e  p a r t i c u l a r  co m p lex e s  t h e  o n ly  

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

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

t h e  o u t  o f  p l a n e  m o t io n  o f  t h e  H atom s on t h e  c e n t r a l  

a ro m a t i c  r i n g ,  a t  a b o u t  850 cm .*^  T h is  s p l i t t i n g

a g r e e s  w i t h  t h e  c i s  s t r u c t u r e  a s s i g n e d  by  A b lo v . (̂ 1)

T he [ E h p h e n g O l g i o n  h a s  b e e n  made and t h i s  h a s

b e e n  a s s i g n e d  t h e  t r a n s  s t r u c t u r e .  I t  h a s  one s h a r p

p e a k  a t  850 cm ."  T h e re  a r e  no r e p o r t s  o f  t h e  c i s

rh o d iu m  co m plex .

c )  S t e r i c  c o n s i d e r a t i o n s

The m a jo r  r e a s o n  f o r  d o u b t in g  t h e  e x i s t e n c e

o f  compounds o f  t h e  g e n e r a l  t y p e  t r a n s  [Copheng^g^^

Tshere X i s  a  m onodent a t e  l i g a n d  comes f ro m  t h e  p o s s i b l e

s t e r i c  . i n t e r a c t  io n s  b e tw e e n  i h e  two a rd  n i n e  h y d ro g e n

atom s w hich  a r e  n e c e s s a r i l y  p l a n a r .  H ow ever, i t  h a s

b e e n  fo u n d  t h a t  t h e  d i s t a n c e  b e tw e e n  two n i t r o g e n

atom s on n e ig h b o u r in g  p h e n a n t h r o l i n e  g r o u p s  i s  2*88  2

w h ich  i s  l e s s  t h a n  t h e  sum o f  t h e  i n t e r m o l e c u l a r
o

r a d i i  o f  t h e  n i t r o g e n  a to m s, 3 #14 A. T h e r e f o r e  i t
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m ig h t  seem t h a t  t h i s  s h o u ld  lo w e r  t h e  s t a b i l i t y  o f  t h e  

com plexes  a l th o u g h  i n  f a c t  p h e n a n t h r o l i n e  co m p lex es  

a r e  i n  g e n e r a l  s t a b l e .  Any i n t e r a c t i o n  b e tw ee n  t h e  

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

f o r m a t io n  o f  t h e  com plex .

F o r  rh o d iu m , o n ly  t r a n s  [H hphenpC lpJC l h a s  been

c la im e d  t o  be  c h a r a c t e r i s e d .  Ib^j/i/^ith t h e  i n c r e a s e  i n

s i z e  o f  t h e  Eh I I I  io n  ( i o n i c  r a d i u s  0*69 A) f ro m  Co I I I
o !

( i o n i c  r a d i u s  0*29  A ) .a n  i n c r e a s e  i n  s t a b i l i t y  o f  t h e

t r a n s  com plex  would be e x p e c te d  i f  t h e  i n s t a b i l i t y  i n  

t h e  c a s e  o f  Co I I I  i s  due t o  t h e  i n t e r a c t i o n s  a s  s u g ­

g e s t e d .  The s i z e  i n c r e a s e s  o n ly  s l i g h t l y  on p a s s i n g

f ro m  rh od ium  t o  i r i d i u m ,  ( a to m ic  r a d i u s  i n c r e a s e s  f ro m  
0 0

1*34 A t o  1*35 A). I r i d i u m  i s  t h e  o n ly  member o f  t h e  

t r i a d  f o r  w h ich  b o th  c i s  and t r a n s  com plex  i o n  o f  t h e  

t y p e  [M p h eu p C lp ]*  h a v e  b e e n  f o r m u la t e d .

The t r a n s  s t e r e o c h e m i s t r y  o f  t h e  [E henp C lp ]^  

i o n  i s  a s s i g n e d  due  t o  i t s  l i k e n e s s  t o  i t s  b i p y r i d y l  

• a n a lo g u e  w hich  in  t u r n  i s  g iv e n  i t s  s t r u c t u r e  f ro m  c o n ­

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

t h e  a s s ig n m e n t  h a d  b e e n  b a s e d  f i r s t l y  on t h e  s p l i t t i n g

o f  t h e  i n  -  p h a s e  ou t o f p l a n e  CH v i b r a t i o n s  o f  t h e  

b i p y r j .d y l  a l l e g e d l y  due  t o  t h e  c i s  c o n f i g u r a t i o n  and
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l a t e r  on t h e  f o r m a t io n  o f  a n  ad d u c t  w i t h  h y d ro g e n  

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

seems l i t t l e  r e a s o n  vAiy t h e  c i s  iso m er  s h o u ld  n o t  a l s o  

he  made.

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

a t  t h e  tw o  p o s i t i o n  on a  p h e n a n t h r o l i n e  m o le c u le  c a n  

b e  l i n k e d  t o  t h a t  a t  t h e  two p o s i t i o n  on a  s e c o n d  m ole­

c u l e  th r o u g h  a  c a r b o n y l  g ro u p .  I f  t h i s  i s  d o n e  in  

b o th  t h e  two and  n i n e  p o s i t i o n  t h e n  a  p l a n a r  q u a d r i -  

d e n t a t e  c y c l i c  l i g a n d  i s  fa rm e d  w h ic h  c o u ld  o n ly  b e  co ­

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

t o  a  t r a n s  p h e n a n t h r o l i n e  com plex .

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

c o b a l t  t h e n  t h e r e  i s  no r e a s o n  why t h e  t r a n s  

[CopheUpClp]* com plex  io n  s h o u ld  n o t  a l s o  e x i s t .
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From s t e r i c .  c o n s i d e r a t i o n s  t h e  s t a b i l i t y  o f  

t h e  c i s  form  r e l a t i v e  t o  t h e  t r a n s  i n  t h e  s e r i e s  

[CophenpX p]*, X* .  C l " ,  B r* ,  I*  m ig h t be  e x p e c te d  t o  

d e c r e a s e  i n  t h e  o r d e r  C l Br ^  I ,  t h e  b u lk y  i o d i d e  

h a v in g  t h e  l e a s t  t e n d e n c y  t o  form  a  c i s  com plex .

The [CophenpEXp]^ io n  h a s  b e e n  made b u t  t h e r e  a r e  no 

r e p o r t s  o f  t h e  [C o p h e u p lp ]*  io n  a l t h o u ^  t h e  i s o t h i o -  

c y a n a to  com plex  h a s  b e e n  madeé (i')

d) R e s o l u t i o n  o f  t h e  c i s  isom er

T h is  would p r o v e  a  c i s  s t e r e o c h e m i s t r y .

However l a c k  o f  r e s o l u t i o n  c a n n o t  b e  t a k e n  t o  i n d i c a t e  

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

E very  a t t e m p t  t o  r e s o l v e  t h e  [CopheUpCl^JCl

com plex  f a i l e d  (p a g e s  1%)̂  - ) .  T h is  i s  due  e i t h e r

t o  a  t r a n s  c o n f i g u r a t i o n  o r  t o  a  r a p i d  r a c é m i s a t i o n .

I n  e i t h e r  c a s e  r a p i d  a q u a t i o n  i s  shown t o  t a k e  p l a c e

by f o l lo w in g  t h e  s p e c t r o p h o t o m e t r i c  c h a n g e s  w h ich

o c c u r  when t h e  io n  i s  d i s s o l v e d  i n  w a t e r .
«

2 .  The n a t u r e  o f  t h e  # r e e n  c h l o r i d e

The a n a l y s i s ,  c o lo u r  and  i n f r a  r e d  sp e c t ru m  

f a v o u r  a  t r a n s  Co I I I  i o n ,  [C ophenpC lp] i o n .  The 

r e f l e c t a n c e  s p e c t ru m  and p a ra m a g n e tism  show t h a t  i t  i s



1 5 3

a  Co H  com plex  c o n t a i n i n g  t h e  t e t r a h e d r a l  [C o C l^ ]^ "  

i o n .  See g ra p h  31̂  , p a g e  F u r t h e r ,  i n

aq u eo u s  s o l u t i o n  a  s low  a q u a t i o n  t a k e s  p l a c e  b u t  on 

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

b r i g h t  g re e n  s o l u t i o n  c o n t a i n i n g  t h e  [C o C l^ ]^ "  i o n  i s  

fo rm e d . T h is  i s  s i m i l a r  t o  t h e  b e h a v i o u r  o f  

[CoCSpOï^jClg w h ich  i s  p i n k  i n  w a te r  and b r i ^ t  b l u e  

on a c i d i f c a t i o n  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .

I n  aq u eo u s  s o l u t i o n  t h e  [CotH pO )^]^* i o n  h a s  

b e e n  shown (t^'jjto be  i n  e q u i l i b r i u m  w i t h  sm a l l  am ounts  - 

o f  t e t r a h e d r a l  [C ofEpO )^]^*  i o n .  T h is  p r o v i d e s  a  

p a th w ay  f o r  t h e  f o r m a t io n  o f  t h e  [C o C l . ] ^ *  io n  from  

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

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

o f  t h i s  i o n  f ro m  a  s t r o n g l y  a c id  s o l u t i o n .

R e d u c t io n  o f  p h e n a n t h r o l i n e  c o b a l t  I I I  com­

p l e x e s  t a k e  p l a c e  r e a d i l y  so  t h i s  c o b a l t  I I  com plex  

c a n  e i t h e r  b e  c o n s i d e r e d  t o  b e  fo rm ed  by  r e d u c t i o n  f ro m  

Co I I I  o r  m e re ly  a s  a  b i p r o d u c t  f ro m  t h e  o r i g i n a l  

CoClp.6HpO w hich was m a in ly  o x i d i s e d  f o r  t h e  p r e p a r a ­

t i o n  o f  c i s  [C o p h e n p C lp jC l.

A no th e r  com plex  i o n  c o n t a i n i n g  p h e n a n t h r o l i n e  

m ust a l s o  be  p r e s e n t  s i n c e  su c h  a  h i g h  p r o p o r t i o n  o f



t h e  compound i s  c a r b o n .  ' I t  was n o t  fo u n d  p o s s i b l e  

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

a n a l y s e s  a r e  shown i n  T a b le  ^0 .

TABLE ^0

THEORETICAL ANALYSES FOR SOME COBALT. PHEI^AETHRQLINE 
AHD CHLORINE COMPLEXES

C H Cl

Found ( b e f o r e  h e a t i n g ) 49*22 3*27 9 .7 1 1 7 .5 3

( a f t e r  h e a t i n g ) 44*30 4*60 3 .5 0 16*30

[CophenpClp]C13HpO 49*72 3 .8 2 9 .6 6 18*34

[Cophen C l^ ] [ C o C l^ ] -

[C o phen ^] 1 .1 1
[C op henpC lp ]p [C o C l^ ] 1 .1 1 I S 'G l

[C ophenp(H pO )pl [C0CI4 ] 1+3.41 S.0% 1 . 3 ^ x i i k o

[C o p h e n ^ ] i[C o C l^ ] 4 8 .0 0 2 .6 8 9 .3 1 5 23*62

[C o p h e n ^ ]p [C o C l^ ]^ -

[CophenpClp]6HpO 49*25 3 .2 7 9 .5 7 2 1 .2

C o n c lu s io n

Of t h e  f o u r  compounds made, t h e  f i r s t  c o r r e -  

sp e n d s  t o  t h e  g r e e n  c h l o r i d e  ( 9 3 2 ) .  t h e  l a s t  ( 1 0 1 2 ) ,



25 G.

c i s  [CophenpClp]C1 and t h e  r e m a in in g  tw o a r e  m ix t u r e s  . 

(1080  and 1079) a r e  m ix tu r e s  o f  t h e  g r e e n  c h l o r i d e  and  

c i s  [C o p h e n p C lp jC l .

No u n a m b ig u o u s 'e v id e n c e  h a s  b e e n  o b t a i n e d  a s  

t o  w h e th e r  t h e  [C ophenpC lp ]C l com plex  e x i s t s  i n  t h e  

c i s  o r  t h e  t r a n s  fo rm , a l t h o u g h  i n  g e n e r a l  t h e  e v id e n c e  

f a v o u r s  a  c i s  c o n f i g u r a t i o n . .

The g r e e n  c h l o r i d e  c o n t a i n s  t h e  [C o C l^ ]^ "  io n  

w h ich  r a p i d l y  e q u a t e s  i n  aq u eo u s  s o l u t i o n .  T h e re  i s  

a l s o  p r e s e n t  a  com plex  i o n  c o n t a i n i n g  p h e n a n t h r o l i n e  

b u t  t h e  e x a c t  n a t u r e  re m a in s  unknown. T h e re  i s  a l s o  

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

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

c h l o r i d e .

F u r t h e r  w ork i s  r e q u i r e d .
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PART I I I ;  EXPERIMENTAL

1 .  PREPARATION AND RESOLUTION OF SOME BISETHYLENEDIAMIITE 
AND RELATED COBALT I I I  COMPLEXES

c i s  d , l  [Coen2 (N0p ) 2 ]N02

• T h i s  compound was p r e p a r e d  i n  t h e  same way a s  

i n  I n o r g a n i c  S y n t h e s i s .  A 10^  a q u e o u s  s o l u t i o n  o f

e t h y l  en e d ia m in e  was added  t o  sodium  c ob a l t  i n i t  r  i t  e . The 

m ix tu r e  was s t i r r e d  on a  s te am  b a t h  u n t i l  a  t e m p e r a t u r e  

o f  70^ was o b t a i n e d .  At t h i s  t e m p e r a t u r e  t h e  r e a c t i o n  

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

c o b a l t  i n i t  r i t e  t o  fo rm  a  d a r k  brow n s o l u t i o n .  A f t e r  

f i l t e r i n g ^ t h e  f i l t r a t e  was a l lo w e d  t o  c o o l  i n  an  i c e  

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

compound w e re  fo rm e d .  T h e se  w ere  f i l t e r e d  o f f  and a i r  

d r i e d .
%

c i s  d [C oenp tN O pïp jB r and c i s  1 [C oenpfN O pïp lB r

S o l u t i o n s  o f  c i s  d , l  [C oen2(E 02)2^^^2  ^
an tim o n y  p o ta s s iu m  t a r t r a t e  w ere  m ix ed  and t h e  r e s u l t i n g  

m ix t u r e  c o o le d  u n d e r  r u n n i n g  w a te r  t o  room  t e m p e r a t u r e .  

The s o l u t i o n  was s u r r o u n d e d  by i c e  and a f t e r  10 m in u te s  

o f  s c r a t c h i n g ,  c r y s t a l s  o f  t h e  d i a s t e r e o i s o m e r .
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1  [ 00602 ( ^ ^ 2 ) 2 ] ^  SbOC^E^Og b e g a n  t o  s e p a r a t e  o u t .  

C r y s t a l l i s a t i o n  was a l lo w e d  t o  c o n t i n u e  f o r  10 m in u te s  

b e f o r e  f i l t e r i n g .

The d [Coen2 (RCp)2 ]Br was e x t r a c t e d  from  t h e  

f i l t r a t e  by  t h e  a d d i t i o n  o f  ammonium b ro m id e .  On 

s c r a t c h i n g  o ra n g e  c r y s t a l s  b e g an  t o  s e p a r a t e  and c r y s t a l ­

l i s a t i o n  was a l lo w e d  t o  c o n t i n u e  f o r  5 m in u te s  b e f o r e  t h e  

im pure  d [ 00602 ( ^ 02 ) 2 ]^^  was c o l l e c t e d  on a  B uchner and  

w ashed w i th  i c e  c o ld  w a t e r .

The p r e c i p i t a t e  o f  t h e  d i a s t e r e o  iso m e r  was 

washed w i t h  50^  aq ueous  e t h a n o l ,  e t h a n o l  and a i r  d r i e d .

I t  was t r a n s f e r r e d  t o  a  m o r ta r  and g ro u n d  w i th  w a te r  

and sodium  i o d i d e ,  and a f t e r  abou t 2 m in u te s  t h e  

1  [CoenpCNOpïp] % s e p a r a t e d  o u t  l e a v i n g  t h e  an tim o n y  

p o t a s s iu m  t a r t r a t e  i n  s o l u t i o n .

. B o th  i s o m e rs  w ere  p u r i f i e d  by  s h a k in g  w i th  

s i l v e r  c h l o r i d e ,  t h u s  fo rm in g  t h e  s o l u b l e  [Coeo2 (N02 ) 2 ]C l .  

A f t e r  t h e  r e m o v a l  o f  t h e  s i l v e r  h a l i d e s ,  t h e  

[C oen2 (HC2 ) 2 ]* l o u  was r e p r e c i p i t a t e d  by  t h e  a d d i t i o n  

o f  ammonium b ro m id e .  A f t e r  f i l t r a t i o n ,  t h e  s a l t s  

w ere  washed w i t h  505  ̂ a q u euou s  e t h a n o l ,  e t h a n o l ,  a c e to n e  

and a i r  d r i e d .
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R o t a t i o n s

Found: 1 [CbennfN O ^^^lBr [ < ^ ] b  - -  4 3 .6

d [C oengfR C ^Ïg jB r - + 39*7

L i t e r a t u r e  v a l u e : [ ^ 3 ^  - ± 4 4 °

Cl3 d ,l  Ca[Coeng(C20^)g3g (51 "̂̂

C o b a l t  a c e t a t e  was added  t o  a  h o t  s o l u t i o n  o f  

p o t a s s iu m  o x a l a t e . .  A f t e r  a d d i t i o n  o f  e th y l e n e d i a m in e  

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

a f t e r  t h e  a d d i t i o n  o f  l e a d  IV o x i d e ,  was h e a t e d  and
(3l lactdv

s t i r r e d  f o r  30 m in u te s .  B o i l i n g  a t  t h i s s t a g e  w a s - 

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

c a lc iu m  o x a l a t e .  The h o t  a l k a l i n e  s o l u t i o n  was f i l t e r ­

e d ,  d i l u t e d ,  and  o x a l i c  a c i d  added  s l o w l y .  H y d r o c h lo r i c  

a c i d  was added  t o  make t h e  s o l u t i o n  a p p r o x im a te ly  2N, 

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

C r y s t a l l i s a t i o n  commenced im m e d ia te ly  and was a l lo v /e d  

t o  c o n t i n u e  f o r  2 m in u te s  b e f o r e  f i l t r a t i o n .  L ong er  

c r y s t a l l i s a t i o n  c a u s e d  much c a lc iu m  o x a l a t e  t o  s e p a r a t e .  

The d a r k  r e d  powder was w ashed  w i t h  2^ h y d r o c h l o r i c  a c i d  

and a l c o h o l .  I t  was f u r t h e r  f r e e d  fro m  c a lc iu m  o x a l a t e  

by s u s p e n d in g  i n  2N h y d r o c h l o r i c  a c id  a t  40^ and f i l t e r ­

i n g  w h i l e  warm. The powder v/as w ashed w i th  a c i d ,  w a t e r ,  

a l c o h o l  and a c e to n e  and a i r  d r i e d .
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c i s  <1 ,1  Ka[Co6n(C^O ^)2 ISpC

S o l u t i o n s  o f  t h e  c a lc iu m  s a l t  and  sod ium  o x a l a t e  

w e re  m ixed a t  60® and b o i l e d  f o r  tw e n ty  m in u te s .  The 

m ix tu r e  was c o o le d  and f i l t e r e d  and e v a p o r a t e d  on a  s te a m  

b a t h  f o r  30 m in u t e s .  A f t e r  c o o l i n g  and f î . I t e r i n g , p r é ­

c i p i t â t  io n  o f  t h e  sodium  s a l t  a s  a  d a r k  p u r p l e  c r y s t a l ­

l i n e  s o l i d  was e f f e c t e d  by  t h e  s lo w  a d d i t i o n  o f  e t h a n o l .  

The compound was r e c r y s t a l l i s e d  fro m  h o t  w a t e r .

c i s  d  N a[C oen(020^ ) 2 ]H20  and c i s  1 Na[Coen(C20^ ) 2 ]H2C

d[C oen2 (N02 ) 2 ]Br (1 1  g O  i n  60 m l. w a te r  was 

m e c h a n i c a l ly  s t i r r e d  t o ’ 60® f o r  10  m in u te s  w i t h  s i l v e r  

o x a l a t e  (1 1  g . ) .  The s o l u t i o n  was f i l t e r e d  h o t  and 

a  s o l u t i o n  o f  Na[Coen(C2 P ^ )2 ] (1 1  g . ) i n  30 m l.  o f  

w a te r  w as  im m e d ia te ly  a d d e d . '  T h e re  was an  im m ed ia te  

c o lo u r  ch an g e  and on c o o l i n g  16 i c e  and s t i r r i n g  a  

brown p r e c i p i t a t e  o f  t h e  d i a s t e r e o  i s o m e r ,  [Coen(C20^) 2 ] 

[Coen2 (N02 ) 2 ]» was fo rm e d .  P r e c i p i t a t i o n  was a l lo w e d  

t o  c o n t i n u e  f o r  5 m in u te s ,  t h e  m ix t u r e  t h e n  b e i n g  f i l t e r ­

ed and  t h e  p r e c i p i t a t e  w ashed  w i th  i c e  c o ld  w a t e r .

The p r e c i p i t a t e  o f  t h e  d i a s t e r e o  iso m er  was 

g ro u n d  w i th  sodium  i o d i d e  (1 1  g . )  and w a te r  (5 0  m l . ) .

T h is  r e s u l t e d  i n  t h e  p r e c i p i t a t i o n  o f  d [C oen2(H 02)2] ^



w h ic h  was rem oved  by  f i l t r a t i o n .  The 

d N a [ C o e n ( ] was p r e c i p i t a t e d  by  t h e  s lo w  a d d i ­

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

c r y s t a l s  w e re  s e p a r a t e d  by  f i l t r a t  io n  ̂ washed w i t h  i c e  

c o ld  w a t e r ,  a l c o h o l  and a i r  d r i è d .

Sodium i o d i d e  (1 1  g . )  was added  t o  t h e  f i l t r a t e  

a f t e r  t h e  rem o v a l  o f  t h e  d i a s t e r e  o c so m e r .  On s t i r r i n g  

d  [ 00002 ( ^ 02 ) 2 ] I  s e p a r a t e d .  T h i s  was f i l t e r e d  o f f  

and  t h e  p u r p l e  c r y s t a l s  o f  1  Ua[Coen(C20^ ) 2 ] p r e c i p i ­

t a t e d  by  t h e  s lo w  a d d i t i o n  o f  a l c o h o l  t o  t h e  i c e  c o ld  

f i l t r a t e .  The c r y s t a l s  w ere  f i l t e r e d ,  w ashed w i t h  

i c e  c o l d  w a t e r ,  a l c o h o l  and a i r  d i i e d .

R e a c t i o n s :

d E a[C oen (C 2 0^)2 ]

1 Na[Coen(C2& 4)2]

L i t e r a t u r e  v a l u e i

I n  p r a c t i c e  i t  was fo u n d  t o  be  more a c c u r a t e  

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

s o l u t i o n s  a t  t h e  m erc u ry  y e l lo w  l i n e  (579 1  A) and n o t  

a t  t h e  sod ium  L l i n e  ( 5890 ) .

35791 - 2 1 8 .0

[ "^35791 “ -  9 0 .0

[ c<.3d -  500
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c i s  d , l  [CoengCO^] C l

The method o f  p r e p a r a t i o n  was t h a t  u s e d  by  

Dwyer, S a rg e s o n  and R e id .  (SS]

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

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

d i o x i d e  a t  room t e m p e r a t u r e .  A f t e r  t h e  s lo w  a d d i t i o n  

o f  e th y le n e d ia m in e  t h e  m ix tu r e  was r a p i d l y  h e a t e d  t o  80®, 

l e a d  d i o x i d e  ad d ed  and t h e  c a rb o n  d i o x i d e  s to p p e d .  The 

m ix tu r e  w as m a i n t a i n e d  a t  80® f o r  t h r e e  h o u r s  w i t h  s t i r ­

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

added  s lo w ly  t o  t h e  f i l t r a t e  and t h e  f i l t r a t e  m a in t a in e d  

a t  80® on a  w a te r  b a t h  f o r  30 m in u t e s .  The a l k a l i n e

s o l u t i o n  was a g a i n  f i l t e r e d  and t h e  f i l t r a t e  e v a p o r a te d  

i n  a  s t r e a m  o f a i r  a t  60®. F r e e  c a r b o n a t e  was rem oved 

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

c h l o r i d e .  T w ice t h e  vo lu m e  o f  e t h a n o l  was added t o  t h e  

warm s o l u t i o n .  On b e in g  c o o le d  i n  i c e , r e d  c r y s t a l s  

o f  [Ooen^OOg] Cl w e re  fo rm e d .  T h e s e  w ere  f i l t e r e d  and 

f r e e d  from  s m a l l  q u a n t i t i e s  o f  [C o en ^ ]C l^  by  d i s s o l v i n g  

i n  w a t e r  and r  e p r  ec ip  i t  a t  in g  b y  t h e  a d d i t i o n  o f  a l c o h o l .  

The c r y s t a l s  w ere  washed w i t h  a l c o h o l  and  a i r  d r i e d .



m .

A n a ly s i s  o f  [CoengCO^JCl

A n a ly sed io C a l c u l a t e d io Found

C arbon 21*87 21*92

H ydrogen 5*87 5*80

N i t r o g e n 20*40 2 0 .6 2

c i s  d , l  [CoengCOj] CIO^

When a  s o l u t i o n  o f  c i s  d , l  [Coen^CO^] C l i s  

g ro u n d  w i t h  s o l i d  sod ium  p e r c h l o r a t e ,  p r e c i p i t a t i o n  

o f  t h e  c i s  d ,  1 [Coen2C0^ j  CIO^ t a k e s  p l a c e .  T h is  

was f i l t e r e d  o f f ,  r e c r y s t a l l i s e d  fro m  h o t  w a te r  and 

a i r  d r i e d .

A n ^ y s i s  o f  [CoengCO^] ClO^

A n a ly sed  ^  C a l c u l a t e d  jo Found

C arbon  17*74 ‘ 17*61

H ydrogen  4*76 4*56

N i t r o g e n  ‘ 16*54 16*83

c i s  d [Coen2C0^]C 10^ and c i s  1 [Coen^CO^] ClO^

c i s  d ,  1 [Coen^COj] C l (5 *7  g . )  was d i s s o l v e d

i n  w a te r  (3 0  m l . )  and c o o le d  t o  5^* d Na [C oen (C 20^)2 ]
< ..

^4*5 g . ) was s t i r r e d  i n .  The m i x t u r e  was s c r a t c h e d ,
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s t i r r e d  and a f t e r  5 m in u te s  p i n k  c r y s t a l s  o f  t h e  d i -  

a s t e r e o i s o m e r  , 1 [Coen2C0^ ]d [C o e n { 020^ ) 2 ] w e re  f i l t e r ­

ed  o f f .  The p r e c i p i t a t e  was w ashed w i t h  i c e  c o l d  

w a te r  (3 0  m l . ) ,  a c e to n e  and a i r  d r i e d .

The d i a s t e r e o  iso m er  was. g ro u n d  w i th  i c e ,  a b o u t  

30  m l .  and  sod ium  p e r c h l o r a t e  ( l 2  g . ) .  P i n k  c r y s t a l s  

o f  1  [Coen2C0^]C 10^ w ere  im m e d ia te ly  fa rm e d .  T h ese  

w e re  f i l t e r e d  o f f  and  r e c r y s t a l l i s e d  f ro m  w a t e r .  The 

d N a[C oen(020^ ) 2 3 was r e c o v e r e d  by  t h e  s lo w  a d d i t i o n  

o f  a l c o h o l  t o  t h e  f i l t r a t e  a f t e r  t h e  re m o v a l  o f  

1  [Coen2CO^]ClO^.

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

a s t e r  e o iso m e r  was g ro u n d  w i t h  sodium  p e r c h l o r a t e  w h ich  

r e s u l t e d  i n  t h e  p r e c i p i t a t i o n  o f  d [Coen^CO ^lClO ^..

T h i s  was f i l t e r e d  o f f  a n d  r e c r y s t a l l i s e d  from  h o t  w a te r .

R o t a t i o n s

1  [CoeagCOjjClO^ - -  1459

+ 1252

l i t e r a t u r e  v a l u e : [ - i  1250

The tw o o p t i c a l  i s o m e rs  w e re  o b t a i n e d  i n  t h e  

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



n \

n e g a t i v e  iso m e r  was o b t a i n e d  w h e re  t h e  p o s i t i v e  one was 

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

d . l  KrCo(BDTA)1. [ l \ )

An aq ueous  s o l u t i o n  c o n t a i n i n g  c o b a l t  c h l o r i d e ,  

p o t a s s iu m  a c e t a t e  and d is o d iu m  e t h y l e n e d i a m i n e t e t r a -  

a c e t a t e  was h e a t e d  t o  n e a r l y  b o i l i n g .  A 3 ^  s o l u t i o n  

o f  h y d r o g e n  p e r o x i d e  was added  t o  t h e  s o l u t i o n .  On 

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

K [ C o ( E D T A ) ]  w e re  p r e c i p i t a t e d .  A f t e r  f i l t e r i n g  t h e s e  

w e re  w ashed w i th  a l c o h o l  and a i r  d r i e d .

d  E [Co(EDTA) ] and 1 K [Co(EDTA) ]

d [Coen2(H 02)23 ^ was c o n v e r t e d  t o  t h e  c h l o r i d e  

b y  v i g o r o u s l y  s h a k in g  w i t h  s i l v e r  c h l o r i d e  and w a t e r  a t  

60®. The s i l v e r  h a l i d e s  w e re  rem oved b y  f i l t r a t i o n  

and d ,  1 K [Co(EDTA)] added  t o  t h e  f i l t r a t e .  On c o o l ­

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

i s o m e r ,  d [G oen2(N 02)2] ^  [Co(EDTA)] w e r e  fo rm ed . 

C r y s t a l l i s a t i o n  was a l lo w e d  t o  c o n t i n u e  f o r  5 m in u te s  

b e f o r e  f i l t e r i n g .  The d i a s t e r  e o is o m e r  was w ashed 

w i t h  50^  aqu eous  a l c o h o l ,  a l c o h o l  and a i r  d r i e d .

The d i a s t e r  e o iso m e r  was t r e a t e d  w i th  w a t e r ,  and



I t s .

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

d  [ 00602 ( ^ 02 ) 2 ] ^ was form ed and  was rem oved by 

f i l t r a t i o n .  A lc o h o l  was s lo w ly  ad ded  t o  t h e  

f i l t r a t e  w i th  s t i r r i n g .  The 1 K [Co(EDTA)] s e p a ­

r a t e d  ou t and a f t e r  5 m in u te s  was f i l t e r e d  o f f ,

w ashed  w i th  50^  aq u eo us  a l c o h o l ,  a l c o h o l ,  a c e t o n e  

and  a i r  d r i e d .

P o ta s s iu m  i o d i d e  was a l s o  add ed  t o  t h e  

f i l t r a t e  o b t a i n e d  fro m  t h e  re m o v a l  o f  t h e  d i  a s t e r  eo­

i s o m e r .  On s c r a t c h i n g  t h e  i n s o l u b l e  d [C o e n 2 (H 0 2 )2 ] l  

was form ed and rem oved by f i l t r a t i o n .  P r e c i p i t a t i o n  

o f  d K [Co(EDTA)] was e f f e c t e d * b y  t h e  s lo w  a d d i t i o n  o f  

a l c o h o l .  T h is  Was f i l t e r e d ,  w ashed w i th  50^ aq ueous  

a l c o h o l ,  a l c o h o l - a n d  a i r  d r i e d .

R o t a t i o n s :

F o u n d : 1 K [Co(EDTA)] t  ]5791 " “ 286

d K {Co(EDTA)] [ ‘̂ ] 579 i  -  + 248

L i t e r a t u r e  v a l u e : [ ^ ] $ 4 6 l  * " 1000

c i s  d , l  [Coen2 (C20^ ] 020^H

T h is  was o b t a i n e d  f ro m  a  m o d i f i e d  m ethod o f  

V/erner*s.(w+b) [C oen2C 0^]C l (2  g . )  was d i s s o l v e d  i n
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w a te r  (3 0  m l . ) .  - F r e s h l y  p r e c i p i t a t e d  s i l v e r  o x id e

was ad ded  (2  g . )  and t h e  w h o le  s t i r r e d  and f i l t e r e d .  

O x a l ic  a c i d  (2  g . )  was added  and  t h e  w ho le  h e a t e d  on 

a  w a te r  h a t h .  A f t e r  t h e  c e s s a t i o n  o f  e f f e r v e s c e n c e  , 

t h e  s o l u t i o n  was rem oved f ro m  t h e  w a t e r  h a t h  and l e f t  

f o r  a  few  d a y s .  [Coen2 (C2 0 4 ) ]C20^H was p r e c i p i t a t e d  

and t h i s  was rem oved by  f i l t r a t i o n ,  w ashed  w i t h  a l c o h o l  

and  e t h e r  and a i r  d r i e d .

A n a ly s i s  o f  [C o e n 2 (C 2 ^4 )]^ 2 ^4 ^

A n a ly sed io C a l c u l a t e d ^  Found

C arbon 26*98 26*93

H ydrogen • 4*84 5*00

N i t r o g e n 1 5 -7 3 15*81

c i s  d , l  [Coen2 (C204 ) 3 Hr

[Coen2 (C20 4 ) 3020^3 was g ro u n d  w i t h  p o t a s s iu m  

b ro m id e  and w a t e r .  The m ix t u r e  was f i l t e r e d  and  t h e

g r i n d i n g  r e p e a t e d .  The m ix tu r e  was a g a i n  f i l t e r e d

and t h e  s o l i d  d r i e d  w i th  a l c o h o l  and a c e to n e .  The

p i n k  [Coen2 (C20^ )  ]Br was . r e c r y s t a l l i s e d  f ro m  w a t e r .



A n a l y s i s  o f  [CoengCCgO^)]Br

A n a ly sed io C a l c u l a t e d io Found

O arbon 20*76 20*65

H ydrogen 4*65 4*80

N i t r o g e n 16*14 16-03

c i s  d  (CoengCCgO^) ] l  and c i s  1  [CoengCCgOAÏÏBr

c i s  d , l  [CoengCCgO^) ]Br ( 2*6  g . )  i n  w a te r  (15  m l . )  

was h e a t e d  t o  65^ and s h a k e n  w i th  s i l v e r a c e t a t e  (1*7  g . )  

f o r  10  m in u te s .  The s i l v e r  h a l i d e s  w e re  f i l t e r e d  o f f  

and t h e  p r e c i p i t a t e  w ashed  w i th  h o t  w a te r  (5  m l , ) .

1  K [Co(EDTA)] (1*5  g .  ) v/as ad ded  t o  t h e  s o l u t i o n  a t  60® 

and  t h e  d i a s t e r e o  i s o m e r ,  d [ 00602 ( 03 ^4 ) 3 ^  [Oo(EDTA)] 

b e g an  t o  s e p a r a t e  im m e d ia te ly  when t h e  m ix tu r e  was c o o le d  

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

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

w ashed  w i t h  i c e  c o ld  w a t e r ,  a l c o h o l  and a i r  d r i e d .  A f t e r  

g r i n d i n g  w i t h  w a te r  and  p o ta s s iu m  i o d id e  (1 * 5  g . ) t h e  

d [ 00002 ( 0204 ) ] l  s e p a r a t e d  o u t  and  was f i l t e r e d  o f f  and 

r e c r y s t a l l i s e d  f ro m  h o t  w a t e r .

Ammonium b rom id e  (2 * 5  g . )  i n  w a te r  (5  m l . )  was 

added  t o  t h e  f i l t r a t e  a f t e r  t h e  re m o v a l  o f  t h e  d i a s t e r  eo ­

i s o m e r .  The p i n k  1 [ 00602 ( 0 2 0 4 ) ]Br im m e d ia te ly  b e g an



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

f ro m  h o t  w a t e r .

R o t a t i o n s ;

F ound : d  [CoengCCgO^)]! [ ^^Tgi "  + 794

1 [ 00 002 ( 6 2 0 4 ) ]B r [ oL "  -  951

L i t e r a t u r e  v a l u e s :

d  [0 o eo 2 (0 2 0 4 )  ] l  [ •  + 720

1 [ 0 o eo 2 ( O2O4 ) ]Br C o&]]) * -  820
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2 .  INVESTIGATION INTO THE PREPARATION OF SOME BISETHTLEITE. 
DIAMINEDICARBOXÎXATOCOBALT I I I  COMPLEXES

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

e f f e c t  o f  t h e  c a r b o n a to  and  o i a l a t o  l i g a n d s  on t h e  

h y d r o l y s i s  m echanism s i t  became c l e a r  t h a t  i t  would 

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

a c i d s .  The m a lo n a to  com plex  h a s  a l r e a d y  b e e n  s t u d i e d ( 5 ^  

and so  a t t e m p t s  w ere  made t o  i n t r o d u c e  t h e  f o l l o w i n g  

a c i d s  i n t o  t h e  com plex :

d i e t h y l m a l o n i c  a c i d .  (C2H ^ )2 ^ (0 0 0 3 )2

c y c l o b u ta n e  1 1 ’ d i c a r b o x y l i c  a c id , ( C H 2 )^C (C 00H)2

i s o p r o p y l id e n e d i m e t h y l m a l o n ic
a c i d , ( 033 ) 20 - 0 ( 0 0 0 3 )2

s u c c i n i c  a c i d  ( 0 3 2 ) 2 ( ^ 0 0 3 )2

d ib r o m o s u c c in ic  a c id  (OHBr)2 (0 0 0 3 )2

m a le ic  a c i d  ( 0 3 ) 2^ 0 0 0 3 )2

t h i o d i a c e t i c  a c id  8 (0 3 2 0 0 0 3 )2

The f i r s t  t h r e e  a c i d s  a r e  s u b s t i t u t e d  m a lo n ic  

a c i d s .  The h y d r o l y s i s  o f  t h e  b i s  e th y l e n e d ia m in e -  

m a l o n a t o c o b a l t  I I I  i o n  in v o lv e s  t h e  re m o v a l  o f  a  

m e th y le n i c  p r o t o n  t o  fo rm  a  r e s o n a n c e  s t a b i l i s e d



u n r e a c t i v e  i n t e r m e d i a t e .  [ 5 ] ]

1 1 0 .
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T h is  m echanism  would h e  im p o s s i b l e  f o r  t h e  s u b s t i t u t e d  

m a lo n ic  a c i d s .

The c o o r d i n a t i o n  o f  s u e 6 i n i c  a c i d ,  d ib rc m o -  

s u c c i n i c  a c i d  and m a le ic  a c i d  w ould  r e s u l t  i n  s e v e n -  

membered r i n g  f o r m a t io n  a s  i n  t h e  work o f  D u f f .  

T h i o d i a c e t i c  a c id  w ould  r e s u l t  i n  a n  e i ^ t - m e m b e r e d  

r i n g  a s  was o b t a i n e d  by  P r i c e  and B r a z i e r  ( l iS ) u s i n g  

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

t h i o d i a c e t i c  a c i d  t h e y  o b t a in e d  t h e  d o u b le  s a l t ,

S(CHgCOg)gCoS(CHgCOg) gSUg .HgO.

I n  t h e  f i r s t  s i x  c a s e s  t h e  same m etho d  o f

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

p a r a t i o n  by W erner Obi) o f  t h e  b i s  e t h y l  ened  i  am ine-  

m a lo n a to c o b a l t  H I  i o n .
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Method

[CoengCO^JCl (2  g . )  was d i s s o l v e d  i n  30 m l.  

o f  w a t e r .  F r e s h l y  p r e c i p i t a t e d  s i l v e r  o x id e  ( l  g . )  

was a d d ed . The m ix tu r e - w a s  s t i r r e d  and f i l t e r e d .  

Two e q u i v a l e n t s  o f  a c i d  w ere  added  and t h e  s o l u t i o n  

h e a t e d  on a  w a t e r  h a t h  a t  a  t e m p e r a t u r e  n o t  e x c e e d in g  

50® f o r  10 m in u te s  w i th  s t i r r i n g .  E f f e r v e s c e n c e  

o c c u r r e d .  The s o l u t i o n  was c o o le d  and c o v e r e d  and 

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

H a l f  t h e  s o l u t i o n  was rem oved , a l c o h o l  and 

a c e to n e  w ere  ad d ed  s lo w ly  w i t h  s t i r r i n g ,  r e s u l t i n g  

i n  t h e  f o r m a t io n  o f  a  t h i c k  p i n k  o i l .

I n  g e n e r a l  t h e  s o l u t i o n  r e m a in in g  i n  t h e  r e ­

f r i g e r a t o r  a l s o  g r a d u a l l y  t u r n e d  i n t o  a  t h i c k  p i n k
,• CLS (V  '

o i l .  T h ese  w ere  th o u g h t  t o  h e  ̂ p o ly m e r ic  s p e c i e s .

H ow ever, i n  t h e  c a s e  o f  c y e l o h u ta n e  1 I ’ d i -  

c a r h o x y l i c  a c i d  (C B ), t h e  a d d i t i o n  o f  a l c o h o l  a f t e r  

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

T h ese  w ere  f i l t e r e d ,  w ashed  w i t h  w a t e r ,  a c e to n e  and 

a i r  d r i e d .
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A n a ly s i s  o f  [CoengCB jCEH.^EgO

A n a ly sed

C arbon

H ydrogen

N i t r o g e n

jo C a l c u l a t e d  

37*63 

7 .1 2

1 0 -9 8

jo Found

3 7 .0 9

6 .8 1

1 0 -8 1

T h is  compound was shown t o  c o n t a i n  t h e  

[Coei^CB]'*’ io n  and n o t  t h e  [ 00002^8 2 0 ) 2 ]^* by  m e a su re ­

ment o f  t h e  v i s i b l e  s p e c t ru m .  The m easu red  e x t i n c t i o n  

c o e f f i c i e n t s  a r e  com pared  w i th  t h o s e  known f o r  t h e  c i s  

[CoengCSgO) g i o n  i n  T a b le  3)0 .

TABLE 5 0  ,

EXTINCTION COEFFICIENTS FOR THE [CoengCB]'*' and

[CoengCEgOjg]^* IONS

W av e len g th
npii .

E xti n o t i o n  C o e f f i n 1 o n t s
[CoengCBj* c is [C o e n 2 (H 2 0 )2 ]^ * ( l \ ) , '

370 6 7 - 8 . 57-0

380 54-5 4 4 -2

480 7 2 .9 7 6 -2

492 79-9 8 0 .9

520 6 9 -2 62*7
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A s l i g h t l y  d i f f e r e n t  method was t r i e d  f o r  

t h i o d i a c e t i c  a c i d .

T h i o d i a c e t i c  a c i d  com plex

T h i o d i a c e t i c  a c i d  (2*5  g . )  was d i s s o l v e d  i n  a  

minimum o f  h o t  w a te r  and [CoengCO^^GlO^ (2  g . )  was added  

s l o w l y .  A f t e r  c o o l i n g  i n  i c e  and  a d d in g  m e th a n o l  and 

a c e to n e  t h e  m ix tu r e  was l e f t  i n  t h e  r e f r i g e r a t o r  o v e r ­

n i g h t .  The s e m i - s o l i d  o i l  t h a t  was fo rm ed  was f i l t e r e d  

and im m e d ia te ly  p l a c e d  i n  a  vacuum deismsic^tor. The 

compound p ro v e d  t o  h e  o f  an  o i l y  c o n s i s t e n c y  "which p r e ­

c lu d e d  any p h y s i c a l  m ea su re m e n ts .
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A tte m p ts  w e re  made t o  make t h e  c a r b o n a t e  and  

o x a l a t  o b i s  e th y le n e d ia m in e  rh o d iu m  I I I  i o n s .

The s t a r t i n g  m a t e r i a l s  u s e d  w e re  c i s  and t r a n s  

d i c h l o r o b i s e t h y l e n e d ia m in e r h o d i u m  I I I  n i t r a t e  made by  

t h e  m ethod o f  Jo h n s o n  and B a s o lo .

M ethod

Rhodium t r i c h l o r i d e ,  e t h y l  en  ed i  am i n  ed i h y d r  o -  

c h l o r i d e ,  and p o ta s s iu m  h y d r o x id e  w e re  r e f l u x e d  w i t h  

w a t e r  u n t i l  a  c l e a r  r e d  s o l u t i o n  was o b t a i n e d .  The 

r e f l u x i n g  was c o n t i n u e d  w i th  t h e  s lo w  a d d i t i o n  o f  p o ta s s iu m  

h y d r o x id e  s o l u t i o n .  The g o l d e n  y e l lo w  s o l u t i o n  was 

e v a p o r a t e d  t o  h a l f  vo lum e on a  s te a m  b a t h .  Concen­

t r a t e d  n i t r i c  a c id  was add ed  and a f t e r  a b o u t  30 m in u te s  

y e l lo w  c r y s t a l s  o f  t r a n s  [Rhen2C l2 ]N03 s e p a r a t e d .  On 

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

[Rhen2C l23RO3 s e p a r a t e d .

B o th  i s o m e rs  w ere  r e c r y s t a l l i s e d  by d i s s o l v i n g  

i n  h o t  w a te r  and  r e p r e c i p i t a t i n g  by t h e  a d d i t i o n  o f  c o l d  

c o n c e n t r a t e d  n i t r i c  a c i d .  The b r i g h t  y e l lo w  c r y s t a l s  

w e re  w ashed w i t h  d i l u t e  n i t r i c  a c i d ,  w a t e r ,  a c e t o n e .
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e t h e r  and a i r  d r i e d .

A n a ly s i s  o f  t r a n s  [RhengClglNO^

A n a ly sed  C a l c u l a t e d

C arbon  13 •67

H ydrogen  4 .6 0

H i t r o g e n  19*99

A n a l y s i s  o f  c i s  [HhengClg]H 0^

A n a ly sed

C arbon

H ydrogen

N i t r o g e n

C a l c u l a t e d

13*67

4 .6 0

19*99

jo Round 

13*74 

4 .7 1  

19*82

jo Pound 

13*88 

4 .7 9  

1 9 -8 5

M ethod t r i e d  f o r  p r e p a r a t i o n  o f  [RhengCO^jNO^

c i s  [RhengClgjNO^ ( 0 .1 5  g . ) ,  ( 0 .0 6  g . ) ,

IN HOH, w a t e r  (1*5  m l . )  and  a b s o l u t e  a l c o h o l  (0 * 5  m l . )  

w e re  h e a t e d  w i th  s t i r r i n g  on a  w a te r  b a t h  u n t i l  com­

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

added  and t h e  w h o le  l e f t  i n  t h e  r e f r i g e r a t o r  o v e r n i ^ t .  

No p r e c i p i t a t i o n  o c c u r r e d  and t h e  a d d i t i o n  o f  a l c o h o l  

r e s u l t e d  i n  t h e  f o r m a t io n  o f  a  w h i t e  s o l i d .
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M ethod t r i e d  f o r  t h e  p r e p a r a t i o n  o f  [EhengCgO^jNO^

And e x c e s s  o f  o x a l i c  a c id  was added  t o  a  s o l u ­

t i o n  c o n t a i n i n g  c i s  [R hen^ClgjN O ^.

T h e  m ix tu r e  was r e f l u x e d  f o r  10  m in u te s  

w i t h  10  m l.  o f  e t h a n o l .  The s o l u t i o n  was t h e n  a l l o w ­

ed t o  s t a n d .  A f t e r  f i l t e r i n g  o f f  e x c e s s  o x a l i c  a c i d  

t h e  s o l u t i o n  was l e f t  i n  t h e  r e f r i g e r a t o r  o v e r n i g h t .  

C r y s t a l s  w ere  fo rm ed  w h ich  w ere  w ashed  w i t h  d i l u t e  

n i t r i c  a c i d ,  e t h a n o l ,  e t h e r  and a i r  d r i e d .

A nalysis

A n a ly se d  ^  C a l c u l a t e d  ^  C a l c u l a t e d  i<> Round
f o r  [E hen2 (C20^ )]N 0 ^  f o r  [R hen2C l2 ]N0^

C arbon  19*31 13*67 13*92

H ydrogen  4*32 4*5t9 4*72

N i t r o g e n  17*77 *19*99 19*00

The compound i s  p r o b a b l y  [Rhen2C l2 ]N0^ .

I t  h a s  b e en  shown (lUw t h a t  t h e  p r e s e n c e  o f  

e t h a n o l  i s  e s s e n t i a l  f o r  t h e  c o n v e r s i o n  o f  [E hen2C l2 ]^  

t o  [RhengAA]* w here  AA i s  an  1  amino a c i d .  S o l u t i o n s  

o f  [E hen2C l2 ]N03 c o n t a i n i n g  no  e t h a n o l  u n d e rw en t  no r e ­

a c t i o n  w i t h  amino a c i d s  e v en  a f t e r  h o u r s  o f  h e a t i n g .

The c o n v e r s i o n  i n  t h e  p r e s e n c e  o f  e t h a n o l  was e x p la in e d  

by  a ssu m ing  t h e  p r e s e n c e  o f  a  l a b i l e  com plex o f  rh o d iu m
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fo rm ed  by  r e d u c t i o n  w i th  e t h a n o l .  R u r t h e r  b o th  t h e  

c i s  and t r a n s  [E hengC lg ]*  i o n  y i e l d s  [E hen2AA]'*’ i o n  

show ing t h a t  t h e  t r a n s  com plex  i s  isom er i s  ed e a s i l y .

I t  m ig h t  b e  p o s s i b l e  t o  p r e p a r e  t h e  com plex  

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

m ore  p r o lo n g e d  h e a t i n g  and  a  h i g h e r  p r o p o r t i o n  o f  

e t h a n o l .
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4 .  PREPARATION OR BIS 1 ,1 0  PHEMNTHROLINE GOBAIT H I  
COMPLEXES

c i s  d , l  [C oph en gC lg jC l

T h i s  compound, t h e  s t a x t i r g  m a t e r i a l  f o r  t h e  

p r e p a r a t i o n s ,  was made by t h e  method d e v e lo p e d  by  

A b lov . (}) C o b a l t  c h l o r i d e  was h e a t e d  w i t h  1 ,1 0  

p h e n a n t h r o l i n e  h y d r a t e  on a  h e a t i r g  m a n t l e  w i t h  w a te r  

f o r  15  m in u t e s .  The s i d e s  o f  t h e  f l a s k  w ere  washed 

down w i t h  w a te r  and a  f i n e  p i n k  p r e c i p i t a t e  o f  

CoClgZphen 3 )^ 2 ^  was fo rm e d .  The m i x t u r e  was c o o le d  

and  o x i d i s e d  by  p a s s i n g  i n  c h l o r i n e  f o r  1% h o u r s  w i t h  

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

h a d  b e e n  c o m p le t e ly  t r a n s f o r m e d  i n t o  a  d a r k  g r e y  s o l i d .  

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

w ashed  w i th  h y d r o c h l o r i c  a c i d  and  a i r  d r i e d .

The compound was r e c r y s t a l l i s e d  by  d i s s o l v i n g  

9g  i n  130  m l.  o f  w a te r  and  h e a t i n g  on a  w a t e r  b a t h .

25  m l.  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was ad d ed  and  

on s t a n d in g  c r y s t a l s  o f  c i s  d i c h l o r o b i s  1 ,1 0  p h e n a n -  

t h r o l i n e c o b a l t  I I I  c h l o r i d e  w ere  fo rm e d .  C om ple te  

p r e c i p i t a t i o n  o f  t h e s e  g r e y  g r e e n  c r y s t a l s  f rom  a  p i n k  

s o l u t i o n  t o o k  a b o u t  a  w eek .
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A n a ly s i s  o f  [Copiien2C l2 ]C1 . 3H20

A n a ly sed  ^  C a l c u l a t e d  ^  Round

C arbon  49*72 48*06

H ydrogen  3*82 3*85

N i t r o g e n  9*66 9*27

C h l o r in e  18*34 1 8 .0 1

To some o f t h e  f i l t r a t e  f ro m  t h e  p r e c i p i t a t i o n  

o f  t h e  d i c h l o r o  p r o d u c t  a  1 :1  m ix t u r e  o f  m e th s  and e t h e r  

was ad d ed , w hich  r e s u l t e d  i n  t h e  p r e c i p i t a t i o n  o f  a  b r i ^ t  

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

pow der was a t t e m p te d  f ro m  h o t  w a t e r .  A s m a l l  q u a n t i t y  

o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was ad d ed  a n d ,  on a l lo w ­

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

g r e e n  c r y s t a l s  w ere  fo rm e d .

A n a ly s i s  o f  t h e  g r e e n  c h l o r i d e

A n a ly sed  ^  Round ( A f t e r  h e a t i n g  t o  130^
'______    f o r  3 h o u r s ) -  5̂  Round

C arbon  49**22 44*3

H ydrogen  3*72 4*6

N i t r o g e n  9*71 8*6

C h l o r in e  17*53 16*3
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e i s  d , l  [Cophen2C0^]C1

[Cophen2C l2 ]C l (3  g , ) and a n a l a r  sodium  c a r b o n ­

a t e  (3  g . )  w ere  h e a t e d  t o g e t h e r  on a  w a te r  b a t h  w i t h  

w a t e r .  W ith  s t i r r i n g ,  c o m p le te  d i s s o l v i n g  was e f f e c t ­

e d .  Sodium c h l o r i d e  (2  g . )  was added t o  t h e  h o t  s o l u ­

t i o n  and  t h e  w h o le  s t i r r e d .  On c o o l i n g  i n  i c e  b r i g h t  

p i n k  c r y s t a l s  o f  [Cophen2C0^ ] C l  s e p a r a t e d  o u t  and t h e s e  

w e re  f i l t e r e d  o f f  and a i r  d r i e d .

The c r y s t a l s  w ere  r e c r y s t a l l i s e d  t w i c e  by d i s ­

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

( l  g . )  and c o o l i n g  i n  i c e .  F i n a l l y  t h e  compound was 

w ashed w i t h  i c e  c o l d  w a te r  and a i r  d r i e d .

A n a ly s i s  o f  [Cophen2C0^ ]C 1 . 5H20

A n a ly sed  ^  C a l c u l a t e d  ^Round

C arbon  49*63 50*55

H ydrogen  4*33 4*38

N i t r o g e n  9*26 9*24

c i s  d , l  [Cophen2C204301

[Cophen20 l 2 ]0 1  was g ro u n d  w i t h  e x c e s s  f r e s h l y  

p r e p a r e d  s i l y e r  o x id e  and w a t e r .  A f t e r  f i l t r a t i o n  

o x a l i c  a c i d  was added  and  t h e  w h o le  s t i r r e d  on a  

b o i l i n g  w a te r  b a t h  f o r  10 m in u t e s .  Sodium c h l o r i d e
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was added  t o  t h e  h o t  s o l u t i o n  and t h e  s o l u t i o n  c o o le d  

i n  i c e .  B r i g h t  p i n k  c r y s t a l s  w e re  fo rm ed  w hich  w ere  

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

w a t e r ,  a d d in g  sodium  c h l o r i d e  and c o o l i n g  i n  i c e .

d
I n  l i g h t  t h e  c r y s t a l s  v e r y  q u i c k l y  ehange/^from  

r e d  t o  y e l lo w  w i th  t h e  f o r m a t i o n  o f  a  Co I I  compound. 

T h is  r e n d e r e d  th em  u n s u i t a b l e  f o r  q u a n t i t a t i v e  w ork .

c i s  d ,  1  [C ophengm aljC l

The m a lo n a te  com plex  was made i n  an  e x a c t l y  

s i m i l a r  way t o  t h e  o x a l a t e  com plex  u s i n g  m a lo n ic  a c i d  

i n s t e a d  o f  o x a l i c  a c i d .  B r i g h t  p i n k  c r y s t a l s  w ere  

fo rm ed  w h ic h  w ere  r e o r y s t a l l i s e d  f ro m  w a te r  on t h e  a d d i ­

t i o n  o f  sod ium  c h l o r i d e .

A n a ly s i s  o f  [CophengmaljCl.GHgO

A n a ly sed io C a l c u l a t e d ^  Round

C arbon 4 8 -7 7 4 8 .9 6

H y drogen 4 .5 5 4 .5 1

N i t r o g e n 8 .4 3 8 .4 4

C h l o r in e 5.-33 5-51



c i s  d ,  1  [CopheogCBjCl

The c y c l o h u t a n e l l ’ d i c a r h o x y l a t o  com plex  was 

made i n  a  s i m i l a r  way a s  t h e  m a lo n a te  and o x a l a t e  

co m p lex es  b u t  u s i n g  c y c l o b u ta n e  1 1*d i c a r b o x y l i c  a c i d .  

P i n k  c r y s t a l s  w e re  o b t a i n e d  w h ich  w ere  r e c r y s t a l l i s e d  a s  

b e f o r e .

A n a ly s i s  o f  [C ophengCBjCl,

A n a ly sed  jo C a l c u l a t e d  ^  Round

C arbon  54*60 54*44

H y drogen  4*43 4*01

N i t r o g e n  8*38 8*62



5 .  ATTEI4PTED RESOLUTIONS OR BIS 1 .  10 PHENANTHROLINE 
COBALT I I I  COMPLEXES

T h e re  a r e  s e v e r a l  known exam ples  o f  o p t i c a l l y  

a c t i v e  t r i s  and h i s  1 ,1 0  p h e n a n t h r o l i n e  m e ta l  com plex  

i o n s .  The ( + ) a n t i r a o n y l  and ( + ) a r s e n y l  t a r t r a t e  io n s  

h a v e  b e e n  u s e d  t o  r e s o l v e  [N iC p h e n )^ ]^ * ,  [R e fp h e n )^  

[ l î i { p h e n ) 2 ( t i p y )  (l%) and [R u (p h e n )2Py2 ]^^* l '^ \)  H ow ever, 

u n t i l  r e c e n t l y ,  t h e r e  h a v e  b e en  no r e p o r t s  o f  d i r e c t  

r e s o l u t i o n  o f  t e r v a l e n t  m e ta l  c o m p le x e s ,  i s o m e rs  h a v e  

b e e n  o b ta in e d  by t h e  o x i d a t i o n  o f  t h e  c o r r e s p o n d in g  

b i v a l e n t  c o m p lex . The r e s u l t  io n  o f  t h e  [CoCphen)^}^* 

io n  was a ttem p ted (5L ) u s i n g  sod ium  ( + ) t a r t r a t e ,  sodium  

{+) a n t im o n y l  t a r t r a t e  and dL brom ocam phoriT su lphon io  

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

was a c c o u n te d  f o r  by t h e  v e r y  h ig h  s o l u b i l i t y  o f  t h e  

s a l t  r e s u l t i n g  i n  t h e  need  f o r  e x t e n s i v e  e v a p o r a t i o n  

f o r  i s o l a t i o n .

R e c e n t l y  t h e  r e s o l u t i o n  o f  t h e  [C o(phen)^]^ '*’ 

and [ C r tp h e n ) ^ ] ^ *  io n s  was a ch iev e d ( lo O  by t h e  u s e  o f  

s i l v e r  (+ ) a n t im o n y l  t a r t r a t e  on [C oC phen)^]^*  

a l s o  by  t h e  o x i d a t i o n  b y  c h l o r i n e  o f  a  m ix tu r e  o f  

c o b a l t  c h l o r i d e ,  p o t a s s iu m  (+) a n t im o n y l  t a r t r a t e  and 

1 ,1 0  p h e n a n t h r o l i n e .  The s u c c e s s  o f  t h i s  m ethod was
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e x p l a i n e d  by  t h e  u s e  o f  a  s u s p e n s io n  and n o t  a  s o l u ­

t i o n  d u r i n g  o x i d a t i o n .

a)  A tte m p te d  r e s o l u t i o n  o f  c i s  d , l  [C o (p h e n )2C0^]C 1

[C o (p h en 2 )C0^]C 1  ( 0 .7 7  g . )  was d i s s o l v e d  i n  

10  m l ,  o f  i c e  c o ld  w a te r  and d N a[C oen(020 4 ) 2 ] was 

s t i r r e d  i n .  T h is  was a l lo w e d  t o  s t a n d  f o r  t h r e e  

m in u te s  and t h e n  f i l t e r e d .  The p r e c i p i t a t e  was

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

and w a t e r .  T h is  m ix tu r e  was f i l t e r e d .  The f i l t r a t e  

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

in g  t h e  compound was i n s o l u b l e  and i d e n t i c a l  t o  t h e  

o r i g i n a l  p r e c i p i t a t e .  The r o t a t i o n  was z e r o ,  t h e  

compound p r o b a b ly  b e in g  a  Co I I  compound, [Cophen2C l2 ]^ 

a s  d e s c r i b e d  by A b lov . ^1+) A lc o h o l  was ad ded  t o  t h e

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

t i o n  o f  t h e  p u r p l e  d Na[Coen(C2 0 4 ) 2 ] l e a v i n g  a  r e d  

s o l u t i o n .

b )  A t te m p te d  r e s o l u t i o n  o f  c i s  d ,  1 [CophengC^JCl

1 ) U s in g  p o ta s s iu m  ( + ) a n t im o n y l  t a r t r a t e

[Cophen2C l2 ]C l  (0*5  g . )  was d i s s o l v e d  i n  10  ml. 

o f  w a te r  a t  room t e m p e r a t u r e  and c o o le d  i n  i c e .  P o t a s ­

s ium  ( + ) a n t im o n y l  t a r t r a t e  ( 0 * 3 ‘ g . )  was add ed  and t h e



m ix t u r e  s t i r r e d  and l e f t  i n  t h e  r e f r i g e r a t o r  o v e rn ig h t#

An o l i v e  g r e e n  p r e c i p i t a t e  was fo rm ed  w hich  was f i l t e r e d  

and  washed w i t h  i c e  c o l d  w a t e r  and a c e to n e  and a i r  d r i e d .  

The f i l t r a t e  was r e t u r n e d  t o  t h e  r e f r i g e r a t o r .  The 

p r e c i p i t a t e  was v e r y  i n s o l u b l e  b u t  h ad  a  p o s i t i v e  r o t a ­

t i o n .
Y ie ld  -  0*5 g .

The p r e c i p i t a t e  (0*2  g . )  was m e c h a n ic a l ly  s t i r r e d  

f o r  10 m in u te s  w i t h  c o n c .  HCl (10  m l . ) .  The g r e e n  p r e ­

c i p i t a t e  d i s s o l v e d  and  a  p a l e  v i o l e t  one was fo rm e d .

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

and t h e  p r e c i p i t a t e  was w ashed  w i t h  c o n c .  HCl, d i l u t e  HCl 

and a c e to n e  and  a i r  d r i e d .  T h is  v i o l e t  p r e c i p i t a t e  was 

o p t i c a l l y  i n a c t i v e .

2) U s in g  t h e  ammonium s a l t  o f  ol bromocamphor IT 
s u lp h o n ic  a c i d

T h is  r e s o l u t i o n  was c a r r i e d  o u t  i n  t h e  same way 

a s  c a s e  l ) .  The b l u e  g r e e n  d i a s t e r e o i s o m e r  was p r o ­

d uced  much f a s t e r ,  e x t e n s i v e  p r e c i p i t a t i o n  h ad  t a k e n  • 

p l a c e  a f t e r  s t a n d i n g  i n  i c e  f o r  30 m in u te s .  The v i o l e t  

powder was form ed i n  t h e  same v/ay a s  i n  t h e  f i r s t  i n ­

s t a n c e  and t h i s  was a g a i n  fo u n d  t o  b e  i n a c t i v e .
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3) O x id a t io n  o f  Co I I  coTrrplex i n  t h e  p r e s e n c e  o f  
r o t a s s l u m  (+) a n t im o n y l  t a r t r a t e

The o x i d a t i o n  was c a r r i e d  o u t  i n  t h e  same way 

a s  i n  t h e  p r e p a r a t i o n  o f  t h e  c i s  d ,  1 [C o (p h e n )2C l2 ]C l 

a s  on p a g e  • P o ta s s iu m  ( + ) a n t im o n y l  t a r t r a t e

(6*48  g . )  was added  t o  a  m ix tu r e  o f  C0C I2 . 6H2O (4*76  g . )  

and  1 ,  10 p h e n a n t h r o l i n e  (7*92 g . ) .  Sm all  q u a n t i t i e s  

o f  g r e y  g r e e n  c r y s t a l s  w ere  fo rm ed  a s  b e f o r e ,  b u t  t h e s e  

p ro v e d  t o  b e  i n a c t i v e .  I n  a d d i t i o n  t o  t h e  g r e y  g r e e n  

c r y s t a l s  a  g r e e n  powder was a l s o  fo rm ed , w hich  i s  p r o ­

b a b ly  a  c o b a l t  I I  compound.



I t s .

6 .  PHYSICAL MEASUREMENTS

1# U l t r a  v i o l e t  and v i s i b l e  s r e c t r o g o o p y

S o l u t i o n  s p e c t r a  w ere  m easured on Unicam SP 500, 

700 and 800 s p e c t r o p h o t o m e t e r s  u s i n g  1 cm s i l i c a  c e l l s *

S o l id  s t a t e  s p e c t r a  w e re  raeasureclon a  Unicam 

SP 500 f i t t e d  w i th  a  s p e c i a l  r e f l e c t a n c e  a t ta c h m e n t*

2 .  I n f r a  r e d  s p e c t r o s c o p y

A l l  m easu rem en ts  w e re  t a k e n  on a  Unicam SP 200 

s p e c t r o p h o t o m e t e r ,  f ro m  5000 -  650 c m . D i s c s  w ere  

made w i t h  p o ta s s iu m  b rom ide  and t h e  s p e c t r a  w ere  t a k e n  

im m e d ia te ly  i n  o r d e r  t o  c u t  dov/n t h e  p o s s i b i l i t y  o f  io n  

in te r c h a n g e *  The r e f e r e n c e  beam was f i t t e d  w i th  an 

a t t e n u a t o r  i n  o r d e r  t o  c u t  down i t s  i n t e n s i t y .  The 

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

s t a n d a r d  p o l y s t y r e n e  s p e c t ru m .

3 .  P o l a r i m e t r y

A l l  m easu rem en ts  w ere  t a k e n  on a  Z e i s s  P o l a r  i -  

m e te r  a t  436 m ^ u s i n g  a  j a c k e t t e d  t h  e r  most a t t  ed 1 dm 

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

m easu rem en t a t  3 6 5 ,  405 , 546 and 578 m ^ .



4# S p e c t r o p o l a r l m e t r v

The m easu rem en ts  w ere  t a k e n  on a  B e l l in g h a m  

and  S ta n le y /B e n d ix  Er loo  so n  a u to m a t i c  r e c o r d i n g  s p e c t ro -  

p o l a r  i m e t e r .
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