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Polarization of nuclei in both the products of the reactions and in the CHD20D 
proton without polarization in the CH30H protons is observed in irradiation of 
a solution of acetone in CD30D in the presence of CHD20D and CH3OH~ Polariza- 
tion of the protons of the products is strongly dependent on the temperature 
of the solution and arises in radical pairs; polarization of the proton of par- 
tially deuterated methyl alcohol is due to a mechanism of optical nuclear 
polarization. It was hypothesized that the isotope effect is due to a differ- 
ence in proton and electron relaxation and to a difference in the rates of 
cross-relaxation transitions. 

The analysis of the effects of nuclear chemical polarization (NCP) [i] and the appear- 
ance of the effects of NCP is usually only explained with the theory of radical pairs [2]. 
However, in conducting photochemical reactions, the creation of nonequilibrium nuclear polar- 
ization whose appearance cannot be interpreted with this theory is possible [3]. 

The possibilities of creating nonequilibrium nuclear polarization in photolysis of ace- 
tone in methanol in conditions where homolysis of acetone takes place inefficiently, i.e., 
at temperatures <333 K [4], were investigated in the present study. 

The PMR spectra of acetone in CD30D during irradiation at different temperatures are 
shown in Fig. i. No effects of NCP nor products of the reactions were detected below 223 K. 
At 263 K, acetone and isopropyl alcohol are the basic products. The observed effects of NCP 
can be explained with the following scheme: 
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The molecule of triplet-excited acetone cleaves an }{ atom from a second molecule of 
acetone with the formation of an acetonyl-hydroxyisopropyl triplet radical pair in which 
negative NCP occurs on the enol and acetone protons. Multiplet NCP arises in the triplet or 
uncorrelated pair of hydroxyisopropyl radicals. 

In addition to the described effects of NCP, emission of a proton from partially deuter- 
ated methyl alcohol, CHD20D , present in CD3OD in the amount of 0.3 M, is observed. In our 
opinion, the following is the only mechanism by which NCP could have arisen with the parti- 
cipation of radical pairs: 
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PMR spectra of acetone in CD30D during photolysis at different tempera- 

Fig. 2. Fragment of the PMR spectrum of acetone in CD3OD in the presence of CH 2- 
D2OD and CH3OH during photolysis. 

However, in the hydroxyisopropyl-hydroxymethyl radical pair, the difference in the g 
factors is so small [i, 5] that the creation of marked negative NCP is problematic~ 

An increase in the temperature to 333 K results in the disappearance of the signals of 
the enol, which is an unstable compound (Fig. ib). The intensity of the signals of isopro- 
pyl alcohol and the CHD20D proton increases. In addition, positive NCP of methane appears, 
which indicates homolysis of acetone. A further increase in the temperature (Fig. ic) re- 
suits in the appearance of the effects of NCP on the protons of the compounds formed from 
the product of photolysis of acetone, which indicates the high rate of the photochemical 
reactions. The intensity of the emission signal of the CHD20D proton decreases. We also 
did not find any changes in the concentration of CHD2OD in the solution (relative error of 
the measurements: 4%) for almost total photolysis of acetone. The observed effects for the 
methyl alcohol proton are thus difficult to explain with the theory of radical pairs. 

The maximum effect, expressed by the nuclear polarization amplification factor, was: 

I * - - I  o 
K = = - - 1 0  

Io 

where I* is the intensity of the NMR signal during irradiation; I 0 is the intensity of the 
starting signal. 

Irradiation of a 1 M solution of CD3COCD3 in CD30D in the presence of CHD20D (0.3 M) 
under similar conditions results in the almost total disappearance of the signal of the pro- 
ton, i.e., K = -I. As a consequence, the nature of the observed effect is identical to the 
case described above. 
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It is necessary to note that the intensity of the IR radiation strongly affects 
KCHD20D and virtually does not alter K for the protons of the products of the reactions. 

We advance the following hypothesis for explaining the observed effects of negative nu- 
clear polarization of the CHDzOD proton: nuclear polarization is created by a mechanism of 
dynamic nuclear polarization (DNP) or optical nuclear polarization (ONP) during cross-relax- 
ation transitions (CRT) in the complex (exciplex) of the triplet-excited acetone molecule 
with the methanol molecule. It was hypothesized that the triplet electron levels of acetone 
are populated unevenly. It was natural to verify whether nonequilibrium nuclear polariza- 
tion is created in exciplexes of acetone with protonated methyl alcohol. 

A fragment of the NMR spectrum of photolysis of acetone (I M) in the presence of 
CHDzOD (0.3 M) and CH~OH (0.3 M) is shown in Fig~ 2. Emission of the CHDzOD proton is ob- 
served and the intensity of the signal of CH3OH virtually does not change. When NCP ap- 
pears, the polarization amplification factor is proportional [6] 

K ~ k 'T~.E ( i )  

where k '  i s  t h e  r a t e  c o n s t a n t  o f  f o r m a t i o n  of  e x c i p l e x e s  which  p a r t i c i p a t e  in t h e  c r e a t i o n  
o f  NCP; Tin i s  t h e  n u c l e a r  s p i n - l a t t i c e  r e l a x a t i o n  t ime  in  t h e  o b s e r v e d  group of. n u c l e i ;  E 
is the polarization coefficient. 

For a dipole-dipole mechanism of relaxation, the ratio of the relaxation times of the 
proton bound in one molecule with D or H atoms can theoretically attain values of TD/T H ~ 
16 [7]. We were unable to experimentally measure precisely the ratio of the relaxation 
times of the protons of the methyl group of the system in methyl alcohols due to overlapping 
of the signals. However, the measurements conducted showed that the relaxation times differ 
significantly. 

The rate constant of formation of exciplexes is a function of the intensity of the 
light, the concentration of the reactants, the viscosity of the solution, the temperature, 
etc., manifested in the same way both in the case of deuterated and in protonated methanol. 

However, the process of electron spin-lattice relaxation, which decreases the magnitude 
of NCP, competes with the process of formation of NCP as a result of CRT 

k cross 
k'=k.p=k I (2)  

+ n~ross 
Tie 

where k is the overall rate constant of formation of exciplexes; p is the fraction of exci- 
plexes participating in the CRT; kcros s is the rate constant of CRT; Tie is the electron 
spin-lattice relaxation time. 

CRT usually take place more slowly than spin-lattice relaxation [8] and, for this reas- 
on, Eq. (2) can be transformed as follows: 

k' = k.kcross:T1e (3) 

The efficiency of the cross-relaxation processes is a function of the number of magnet- 
ic nuclei in addition to the other conditions [9]. The dependence of the probability W of 
nuclear CRT in the system AX n on the number of nuclear spins, known from the literature, is 
additional confirmation. It follows from [10] that 

W cE~ I 1 
. . . . . .  (4) W caD, ~ t.8 

An i s o t r o p i c  and a n i s o t r o p i c  h y p e r f i n e  i n t e r a c t i o n  can a f f e c t  t h e  e l e c t r o n  s p i n - l a t t i c e  r e -  
l a x a t i o n  t imes  as  a r e s u l t  o f  m o l e c u l a r  mo t ions  [ 1 1 ] .  For  i s o l a t e d  m o l e c u l e s  in optimum 
c o n d i t i o n s ,  1 / T i e  ~ nnuc ,  i . e . ,  in  our  c o n d i t i o n s  

T1 e (3 protons) t (5 )  
Tie (i proton) 3 
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In consideration of the above, the polarization amplification factors and consequently 
also the observed effects in the PMR spectrum of the photolyzed mixture for CHD20D and 
CH3OH(D) can theoretically differ by more than 80 times. Nonequilibrium nuclear polariza- 
tion will consequently be marked only on the hydrogen atoms of the CHD20D molecules under 
these conditions. 

EXPERIMENTAL 

Photolysis was conducted on i M solutions of acetone in CD3OD. Irradiation was con- 
ducted directly in the modified detector of a BS-487 NMR spectrometer with a quartz light 
conductor~ A DRSh-1000 mercury lamp was used as the light source. The intensity of the 
light flux was no less than i017 quanta/sec. The products were analyzed by GLC and NMR 
spectroscopy. 
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