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I N D U C I N G  DYNlllyIC NUCLEAR POLARIZATION 
I N  CHEMICAL R E A C T I O N S  

KEZ WORDS: t he  decomposition of peroxides,CINDP. 

S.V.Rykov,A.L.Buchachenko,A.V.Kessenich 

I n s t i t u t e  of  Chemical Physics,Academy of Sciences 
MOSCOW V-334 ,USSR 

The experimental studies o f  the  dpamic nuclear polari- 

ea.t;ion in t h e  chemical reactions(CINDP) [1-11] discover some 

charac te r i s t ic  pecul ia r i t i es  - t he  tznusual behaviour of the  

s p i n  mul t ip l e t s ,  the  appearance o f  nuc lear  p o l a r i z a t i o n  i n  the 

products of  cage r a d i c a l  recornbination,and f i n a l l y ,  the de- 

pendence of the s ign  o f  p o l a r i z a t i o n  upon che type of reac- 

t i o n  i n  which the  r a d i c a l  p a r t i c i p a t e s .  These p e c u l a r i t i e s  

a r e  s p e c i f i c  for C I N D P  and d i f f e r e n t i a t e  C I N D P  from the  

ordinary two-frequency dynamic nuc lear  po la r i za t ion .  

The last specif ic  f igure  shows very c lear ly  tha t  t he  

suggestion that the  nuclear polarization a r i ses  in f r e e  ra- 

dicals  is insuff ic ient  f o r  the explanation of  CINDP. Indeed 

from this point of view it is not possible t o  explain w h y  me- 

t h y l  radicals  bring the  negative polarization in  the  recombi- 

nation products and the  posi t ive polarization in the products 

of abstraction reactions 12 . It is not excluded that the 

nuclear  p o l a r i z a t i o n  a r i s e s  i n  the elementary chemical reac-  

t i ons  of b i r t h  and disappearing of t he  r a d i c a l s .  We have 

c a r r i e d  out  some experiments i n  order t o  v e r i f y  these ideas .  

55 
C o p y r i g h t  Q 1970 by Marcel De-kker, Inc.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



S.V. RYKOV ET AL. 

A t  the decomposition of benzoyl peroxide in C2C1, at 

1 2 0 O C  Fn the  presence of CE31(Ot1M> the methyl con-baining 

products are formed (see Table I ) .  

Table 1 .  The methyl containing products. 

A: enhanced absorpt ion;  E: en i s s ion .  

It i s  evident that in this c u e  the m e t h y l  radicals are 

formed a t  the reaction of phenyl (or benzoyl) radicals w i t h  

CH31. So ia this case the metwl radicals are formed as an 

individual syecies but not from the  radical pairs in cages, 

as it is at the decomposition of methyl containing perosides. 

I n  s p i t e  of t h i s  the s igns  of nuc lea r  p o l a r i z a t i o n  coincide 

with ones i n  t h e  same products formed a t  the  decomposition of 

peroxides .  

These r e s u l t s  show tha t  the s i g n  of  t h e  nuc lear  p o l a r i -  

za t ion  does no t  depend on whether t h e  r a d i c a l s  are formed as an  

ind iv idua l  spec ie s  o r  escape from th2 r a d i c a l  p a i r s  i n  cages. 

We have s tudied  also the  decomposition of bicyclohexyl- 

percarbonate,peracetylisopropilcarbonate and some azocompouxds 

in CCL4. I n  a l l  of these r eac t ions  c h l o r o f o r n  i s  formed. The 

scheme of CHC13 formation may be descr ibed i n  the fol lowing way: 
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INDUCING DYNAMIC PSLTCLEAQ POLARIZATION 

peroxide (or azocompound) R 

CClj + Bx ECC13 + X 
dClj + HX ECC13 + 

In a11 cases the protons of chloroform have a strong 

negative nuclear polarization. A s  the proton in molecule C3X3 

was not connected with a free radical it is possible t o  con- 

clude whether the polarization of this proton arises in the 

reaction (3) or the  polarization transfers t o  chloroform from 

o t h e r  molecules as i t  follows from the  r eac t ion  ( 4 ) .  

The second suggestion should be excluded because chloro- 

form is the only  product exhibiting the  strong polarization 

at  the decomposition of bicyclohexylpercarbonate i n  CCl,+. The 

p o l a r i z a t i o n  of protons o f  any o t h e r  products i s  not discov- 

e red .  

Moreover, the  s a t u r a t i o n  of protons of a l l  products 

w i t h  t he  exception of C H C 1  a t  the  tim’e of r eac t lon  does not 

change the proton p o l a r i z a t i o n  of chloroform. 
3 

These r e s u l t s  confirm the idea  that  nuc lear  p o l a r i z a t i o n  i s  

induced in the  elementary s tages  o f  chemical r eac t ions ,  e.g. 

a t  t he  moments when s t rong  e l ec t ron -e l ec t ron  and e lec t ron-  

nuclear  i n t e r a c t i o n s  e x i s t ,  when the recons t ruc t ion  o f  e l e c t -  

ron ic  clouds of  i n t e r a c t i n g  molecules occurs [123. 

new p o s s i b i l i t i e s  o f  s tudying t h e  physics  o f  t he  elementary che- 

mical react ions, 

It opens 
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