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Since c h r o m i u m  undergoes  a u n i t  va lence  c h a n g e  in the  
a b o v e  reac t ions  i t  is a p p a r e n t  t h a t  t he  t r a n s f e r r e d  g roup  is 
ef fec t ively  a radical .  Now p r e s u m a b l y  these  rad ica l  
r eac t ions  proceed  w i t h  h o m o l y t i c  b o n d  r u p t u r e  whereas  
t he  ox ida t ions  in wh ich  a n  oxygen  a t o m  or a h y d r i d e  ion 
are t r a n s f e r r e d  proceed  w i t h  he t e ro ly t i c  b o n d  rup tu re .  
Ye t  b o t h  k inds  of r eac t ion  proceed  in aqueous  so lu t ion  
a n d  do n o t  show m a r k e d  di f ferences  in cha rac t e r .  There  is 
not ,  in  fact ,  t h e  s h a r p  d i c h o t o m y  to  w h i c h  we h a v e  become  
a c c u s t o m e d  in organic  c h e m i s t r y  b e t w e e n  rad ica l  r eac t ions  
(homoly t i c  b o n d  cleavage)  and  the  so-called ionic r eac t ions  
(he te ro ly t i c  b o n d  cleavage)6~. The  fo rmer  reac t ions ,  be- 
cause  of t he  p r o d u c t i o n  of n e u t r a l  r e ac t i ve  radicals ,  o f ten  
proceed  b y  cha in  m e c h a n i s m s  and  the  r a t e s  are of ten  
largely  i n d e p e n d e n t  of so lven t  whereas  t he  inorgan ic  
species, like Cr ( I I I )  wh ich  are p roduced  b y  radica l  t r a n s f e r  
are  s t ab l e  ions. In t h i s  c o n n e c t i o n  it  is i n t e r e s t i ng  t h a t  
HALPERN has  s h o w n  t h a t  t he  h o m o g e n e o u s  r eac t ion  of 
h y d r o g e n  w i t h  Ag + proceeds  b y  two p a t h s  p r o b a b l y  in- 
vo lv ing  h o m o l y t i c  a n d  he te ro ly t i c  b o n d  sp l i t t i ng  respec- 
t i ve ly  ~5. 

2 A g  + + H e + CAg + H - H .. . . . .  Ag+~ --> 2 A g H  + 
Ag + + H e --> [ A g O + - - - H  - - - H  '~+] --> AgH + H ~ 

Hydrogen Atom. Trans]er to Oxidant.--The r eac t i on  of 
s i lver  ion w i t h  h y d r o g e n  j u s t  re fe r red  to  is a n  e x a m p l e  of 
t h i s  process.  In  a d d i t i o n  t h e r e  are m a n y  well  s u b s t a n t i a t e d  
example s  of ox ida t ions  p roceed ing  b y  way  of h y d r o g e n  
a t o m  t r a n s f e r  f rom organ ic  c o m p o u n d s  to  free radica ls  6a. 

HUDIS a n d  DOBSON h a v e  sugges ted  t h a t  h y d r o g e n  a t o m  
t r a n s f e r  m a y  be  i n v o l v e d  in t he  e x c h a n g e  b e t w e e n  Fe  +2 
a n d  Fe  +3 in aqueous  so lu t ion  ~4. One m i g h t  h a v e  expec-  
t ed  some s imi l a r i t y  to  t he  Fe (CN)6-a -Fe (CN) ,  -4 ex- 
c h a n g e  which  proceeds  b y  way  of a n  e lec t ron  j u m p  
t h r o u g h  t h e  f i rmly  b o u n d  b u t  polar iz ib le  c o o r d i n a t i o n  
spheres  of t he  cen t r a l  ions. H o w e v e r  t he  e x c h a n g e  be-  
tween  Fe  +2 a n d  Fe  +3 proceeds  a t  on ly  one ha l f  t he  r a t e  in 
D20  as in H~O. The  v i scos i ty  d i f ference  would  a c c o u n t  for 
o n l y  2 0 - 3 0 %  of t h i s  ef fec t  a n d  t h e r e  seems  to  be  l i t t le  
d o u b t  t h a t  t he  so lven t  molecules  p l a y  a n  i m p o r t a n t  p a r t  
in t he  reac t ion .  H y d r o g e n  a t o m  t r a n s f e r  f rom h y d r a t e d  
ferrous  ion, Fe ( I I )  (H20)6 , to  h y d r o l y z e d  ferric ion, F e ( I I l ) ,  
(HzO)5OH would  a c c o u n t  for  these  resul ts ,  these  two ions 
be ing  invo lved ,  in t h e  l igh t  of t h e  kinet ics ,  in  t he  m a j o r  
r eac t ion  p a t h  64 

H 

( H 2 0 ) s F e ( I I ) - O ~  - H - -  -?- l? 'e(I  I I  ) (H~O)~ 

H 

T h e  r equ i r ed  zero free ene rgy  c h a n g e  is a c c o m o d a t e d  by  
t h i s  m e c h a n i s m  since r e a c t a n t s  a n d  p r o d u c t s  are ident ica l .  
H o w e v e r  t he  i so tope  effect  m a y  be  due,  n o t  to  h y d r o g e n -  
oxygen  b o n d  b r e a k i n g  in t he  a c t i v a t e d  complex ,  b u t  
r a t h e r  to  a large s o l v e n t  effect.  I t  h a s  been  s h o w n  65 t h a t  
a n  i so tope  ef fec t  of some m a g n i t u d e  ex i s t s  even  for  t h e  
r eac t ion  of Cr(NH;~)sCI+2 w i t h  Cr (II) ,  a r eac t i on  w h i c h  
was  shown  to  t a k e  place  b y  ch lor ine  a t o m  transfer5% I t  
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ap p ea r s  t h a t  more  i n f o r m a t i o n  on  t h e  s o l v a t i n g  charac-  
ter is t ics  of H 2 0  a n d  I )20 is r equ i red  before  t h e  solvent  
i sotope effect  c an  be safe ly  app l i ed  to t h e  r eac t ions  of ions 
in  solut ion.  

Conclusions 

T h e  p u rp o s e  of th i s  a r t ic le  h a s  n o t  been  to d i sc red i t  in 
a n y  w a y  t h e  c o m m o n l y  used def in i t ions  of o x i d a t i o n  in 
t e r m s  of e lec t ron  t ransfe r .  Nor  is i t  b y  a n y  m e a n s  in tended  
to i m p l y  t h a t  ox ida t ions  do n o t  occur  in  some cases by 
w h a t  could  be cal led an  e l ec t ron  t r a n s f e r  process.  How- 
eve r  suff ic ient  ev idence  exists ,  some of w h i c h  h a s  been 
c i ted  herein ,  to  show t h a t  t h e  m e c h a n i s m s  of a g r e a t  m a n y  
o t h e r  o x i d a t i o n  reac t ions  would  be  gross ly  overs impl i f ied  
if t h e y  were cons idered  as e lec t ron  t r a n s f e r  processes.  Most 
of these  r eac t ions  are,  in fact ,  r e p r e s e n t e d  qu i t e  satis- 
fac tor i ly  b y  t h e  f ami l i a r  m e c h a n i s m s  of m o d e r n  organic 
chemis t ry .  
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Rdsumd 

L ' e m p l o i  des  i sotopes  a p rouv6  que  b e a u c o u p  d 'oxy-  
d a t i o n s  p roc~den t  d ' ~ c h a n g e s  d ' a t o m e s  ou de  groupes 
d ' a t o m e s  de l ' o x y d a n t  au  r 6 d u c t e u r  ou vice versa .  Ici, 
le m6can i sme  des o x y d a t i o n s  c o m p o r t a n t  l ' 6change  de 
tel les mat i~res  en  r a n t  q u ' a t o m e s  d 'oxyg~ne ,  ions hydr i -  
des, a t o m e s  d ' h y d r o g ~ n e  e t  a t o m e s  de chlor  son t  6tudi6es 
e t  discut6es.  
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