
s ty rene ,  b) g a s - l i q u i d  ch romatography  shows that a ldehydes,  but not s ty rene  oxides,  a r e  fo rmed  when s ty rene  
polyperoxides  b r e a k  down in an iner t  a tmosphe re ,  e i ther  in chlorobenzene solution or  in a mix ture  with s ty rene  
i t se l f  [3, 11]. The fo rma t ion  of olefin oxides in these s y s t e m s  could be accounted for  if  the dioxetanes a r e  a s -  
sumed  to par t ic ipa te  in epoxidation p r o c e s s e s ,  a poss ibi l i ty  a l ready pointed out in [7]. O!efin epoxidation by 
dioxetanes might  a l so  be poss ib le  in norbornene oxidation by s inglet  oxygen if the conditions w e r e  such  that the 
r a t e  of oxidation by t r i p l e t - s t a t e  oxygen were  vanishingly low [13]. 

CONCLUSIONS 

1. Formation of chemiluminescence emitters during the liquid-phase oxidation of olefins by molecular 
oxygen can proceed through peroxide radical disproportionation or through the breakdown of intermediate 
molecular oxidation products. 

2. A study of the kinetics of these processes has shown that the second of these two possibilities is real- 
ized through dioxetanes and polymeric peroxides formed by chain reactions in the oxidation process. 
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T H E  E L E C T R O C H E M I C A L  R E D U C T I O N  O F  

2 - O X Y - 4 , 6 - D I M E  T H Y L P Y R I M I D I N E  ON 

P L A T I N U M  A N D  R H O D I U M  E L E C T R O D E S  

L.  A. T a r a n ,  V. S. G r o m a k o v ,  
Y u .  P .  K i t a e v  

UDC 541.128:541.138.3:547.85 

E lec t rochemica l  methods can be used to obtain s ignif icant  in format ion  concerning the m e c h a n i s m  and 
kinet ics  of pyr imidine  r ing reduct ion,  and the effect  of adsorp t ion  p r o c e s s e s  and the med ium pH on the r e -  
duction itself.  The p resen t  work  was  a study of the e l ec t rochemica l  reduct ion of 2 -oxy-4 ,6 -d ime thy lpy r imid ine  
(D on solid e l ec t rodes ,  and of the effect  of the nature of the meta l  and the acidity of the solution on the reduc-  
tion p rocess .  Only the po la rography  of (I) on the dropping m e r c u r y  e lec t rode  has been d i scussed  in the l i t e r a -  
tu re  [1]. 

E X P E R I M E N T A L  

Potent ios ta t ic  po la r iza t ion  cu rves  w e r e  developed on a rota t ing disk e lec t rode  with an apparen t  su r face  
a r e a  of 0.28 c m  2, working at pH 0.8 (0.4 N H2SO 4) and pH 3.0 (acidified 0.4 N Na2SO 4 solution). The i vs ga 
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USSR. Trans l a t ed  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 7, pp. 1489-1492, July,  
1979. Original a r t i c l e  submi t ted  F eb rua ry  14, 1978. 
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F ig .  1. V a r i a t i o n  of  the  s a t u r a t i o n  c u r r e n t  w i th  the  r a t e  of  r o t a t i o n  
of  p l a t i n u m  (1), and  r h o d i u m  (2), e l e c t r o d e s ,  a t  C6HsN20. HC1 c o n -  
c e n t r a t i o n s  of  5 �9 10 -3 and 8.3 �9 10 -3 M. 

Fig .  2. P o t e n t i o s t a t i c  p o l a r i z a t i o n  c u r v e  o b t a i n e d  wi th  the r o t a t i n g  
c o p p e r  d i s k  e l e c t r o d e  (m = 2000 rpm)  in  the  fo l lowing  s o l u t i o n s :  1) 
0.4 N H2SO4; 2) 0.4 N H2SO ~ + 5 . 1 0  -3 M C6HsN20-HCI.  

c u r v e s  w e r e  d e v e l o p e d  f r o m  c u r r e n t  m e a s u r e m e n t s  w i th  a 30 s e c  t i m e  lag .  P o t e n t i a l s  w e r e  v a r i e d  ove r  the 
i n t e r v a l  f r o m  +90 to - 3 0  mV, m e a s u r e m e n t s  be ing  r e l a t i v e  to a r e v e r s i b l e  h y d r o g e n  e l e c t r o d e  in  the w o r k i n g  
so lu t ion .  The c a t h o d e s  w e r e  P t / P t  and  R h / R h  e l e c t r o d e s .  The p l a t i n u m  e l e c t r o d e  was  p l a t i n i z e d  for  5 ra in  
in  a 3% c M o r o p l a t i n a t e  s o l u t i o n  a t  i k = 50 m A / c m  2, and  then  s u b j e c t e d  to c a t h o d i c - a n o d i c  a c t i v a t i o n  a t  po t en -  
t i a l s  in  the  0 -1 .5  V r a n g e  (~Pr). The  Rh e l e c t r o d e  was  p r e p a r e d  f r o m  a d i s k  P t  e l e c t r o d e  wh ich  was  f i r s t  c o a t e d  
w i th  Rh by a 30 m i n  r e d u c t i o n  in  a su l f a t e  ba th  [2] a t  ik  = 1 m A / c m  2 and then  c o v e r e d  by R h - b l a c k  by a 5 ra in  
r e d u c t i o n  in  a 0.4% RhCI  3 s o l u t i o n  a t  i k = 15 m A / c m  2. C a t h o d i c - a n o d i c  a c t i v a t i o n  was  c a r r i e d  out  a t  po t en t i a l s  
in  the 0 -1 .2  V r a n g e .  R e p r o d u c i b i l i t y  of  the  e l e c t r o d e  s u r f a c e  s t a t e  w a s  c h e c k e d  t h rough  i n t e g r a t e d  p o t e n t i o -  
d y n a m i c  b a c k g r o u n d  c u r v e s  d e v e l o p e d  o v e r  the r e g i o n  of  h y d r o g e n  p o t e n t i a l s ,  and  t h rough  d e t e r m i n a t i o n  of  t r ue  
s u r f a c e  a r e a s  [3]. The d i f f e r e n c e  b e t w e e n  s u r f a c e  a r e a s  in  p a r a l l e l  e x p e r i m e n t s  was  n e v e r  m o r e  than  10%. 

E x p e r i m e n t s  w e r e  c a r r i e d  out in  a c e l l  w i th  d iv ide d  e l e c t r o d e  s p a c e s ,  w o r k i n g  out  of c o n t a c t  w i th  the a i r  
a t  20 • 1~ P o t e n t i a l s  w e r e  m e a s u r e d  r e l a t i v e  to a r e v e r s i b l e  h y d r o g e n  e l e c t r o d e  in  the  w o r k i n g  s o l u t i o n  
(~r)- P r e l i m i n a r y  e l e c t r o l y s i s  and  d e t e r m i n a t i o n  of  the  e f fec t  of the  s o l u t i o n  pH on the r a t e  of  r e d u c t i o n  of  (D 
w e r e  c a r r i e d  out on s t a t i o n a r y  P t / P t  and  R h / R h  e l e c t r o d e s  wi th  17 c m  2 a p p a r e n t  s u r f a c e  a r e a ,  w o r k i n g  u n d e r  
g a l v a n o s t a t i c  cond i t i ons  w i th  an  o p t i m a l  c u r r e n t  of  80 mA. Compound  (I) w a s  t a k e n  in  the f o r m  of  the c h l o r 0 -  
h y d r a t e  (C6HoN20. HC1) a t  an  i n i t i a l  c o n c e n t r a t i o n  of  0.2 M; c ha nge s  in  the  c o n c e n t r a t i o n  du r ing  the c o u r s e  of  
the  e l e c t r o l y s i s  w e r e  fo l lowed  by p o l a r o g r a p h i c  a n a l y s i s .  

Buf fe r  so lu t i ons  c o v e r i n g  the r a n g e  f r o m  pH 0.8 to pH 8.8 w e r e  u s e d  h e r e .  The s o l u t i o n s  w e r e  kep t  
a g i t a t e d  by a m a g n e t i c  s t i r r e r .  The e l e c t r o l y s i s  p r o d u c t s  w e r e  i d e n t i f i e d  in  0.4 N H2SO 4 so lu t ion .  The  s o l u t i o n  
was  n e u t r a l i z e d  w i th  Ba(OH) 2 at  the end of  the  e l e c t r o l y s i s  ( absence  of  r e d u c t i o n  w a v e s  on the p o l a r o g r a p h i c  
cu rve ) .  The BaSO 4 f o r m e d  h e r e  was  f i l t e r e d  off and the w a t e r  e v a p o r a t e d  in  vacuum.  The  p r o d u c t  o b t a i n e d  
w a s  r e c r y s t a l l i z e d ,  f i r s t  f r o m  e thano l  and  then  f r o m  a T H F -  e thy l  a c e t a t e  m i x t u r e .  F i n a l  p u r i f i c a t i o n  was  
t h r o u g h  s u b l i m a t i o n .  

D I S C U S S I O N  O F  R E S U L T S  

P o l a r o g r a p h i c  c u r v e s  o b t a i n e d  wi th  P t  and Rh  e l e c t r o d e s  in so lu t i ons  of  pH 0.8 showed  a p l a t eau ,  c o r r e -  
spondir~g to a s a t u r a t i o n  c u r r e n t ,  w h o s e  l eng th  was  p r o p o r t i o n a l  to the  d e p o l a r i z e r  c o n c e n t r a t i o n  and the s q u a r e  
r o o t  of the  r a t e  of r o t a t i o n  of the  e l e c t r o d e  (m). This  i n d i c a t e s  tha t  the s a t u r a t i o n  c u r r e n t  was  d i f fus iona l  in  
n a t u r e .  The e f f ec t  of the  s t i r r i n g  r a t e  on the va lue  of the s a t u r a t i o n  c u r r e n t  can  be s e e n  f r o m  Fig.  1. S a t u r a -  
t i on  c u r r e n t  p l a t e a u s  d id  not  a p p e a r  on the p o l a r o g r a m s  o b t a i n e d  wi th  the  P t / P t  and  R h / R h  e l e c t r o d e s  in  s o l u -  
t ions  of  pH 3.0. O v e r  the p r e s a t u r a t i o n  c u r r e n t  r e g i o n  ~ r  = 70-30 m V ,  a p lo t  of the  p o l a r o g r a p h i c  da t a  gave  
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�9 T A B L E  1 

Solution 
pH 

0,8 
3,0 

E~ctr~e 
platium 

reaction 
order b, mV 

0,26 42 
0,0 48 

rhodium 

T A B L E  2 

Solution 

reaction b, mV Sulfuric acid 
order ' Citric'acid with added 

I KC1 
0 46 The same 

50 Boric acid 

Solu- Electrode 
rho- [ p l a -  

tior~ dium_ Itium 
pH ~' h_ i 

0,8 0,64 
a;3 <6s 

5.1 0,60 
8:8 0,45 

0,66 
0,64 

0,68 
0,45 

p a r a l l e l  l i n e a r  c u r v e s  in  s e m i l o g a r i t h m i c  c o o r d i n a t e s .  The r e a c t i o n  o r d e r  was  d e t e r m i n e d  by d e v e l o p i n g  
l o g a r i t h m i c  c u r r e n t  s t r e n g t h  vs C6HsN20. HC1 c o n c e n t r a t i o n  r e l a t i o n s  a t  f ixed  p o t e n t i a l s .  The r e s u l t s  ob t a ined ,  
t o g e t h e r  wi th  Ta fe l  s l o p e s ,  a r e  g i v e n  in  Tab le  1. 

The d a t a  o b t a i n e d  h e r e  i n d i c a t e d  tha t  the e l e c t r o d e  r e a c t i o n  was  c l o s e  to be ing  a z e r o - o r d e r  p r o c e s s ,  
a p p a r e n t l y  p r o c e e d i n g  in  the  po ten t i a l  r e g i o n  w h e r e  the e l e c t r o d e  s u r f a c e  i s  c o m p l e t e l y  c o v e r e d  by the a d -  
s o r b a t e .  The fac t  tha t  the r e a c t i o n  r a t e  was  i ndependen t  of  the  d e p o l a r i z e r  c o n c e n t r a t i o n  wh i l e  the s a t u r a t i o n  
c u r r e n t  was  d i f fu s iona l  in  n a t u r e  would  i m p l y  tha t  the  r e d u c t i o n  of  (I) p r o c e e d s  t h rough  an e l e c t r o c a t a l y t i c  
m e c h a n i s m  in wh ich  the i n t r i n s i c  e l e c t r o c h e m i c a l  s t e p  is  h y d r o g e n  ion  d i s c h a r g e  a c c o r d i n g  to the s c h e m e  

Ha0 + + e ~ Hads T H~0 (acid solutiom) 

H20 - -  e ~ Hads - r  OH-  (alkaline solutions) 

The a d s o r b e d  h y d r o g e n  f o r m e d  h y d r o g e n a t e s  the  o r g a n i c  m o l e c u l e s ,  a s  was  shown by s p e c i a l  e x p e r i m e n t s  
in  w h i c h  e l e c t r o l y s i s  w a s  c a r r i e d  out  on a Cu e l e c t r o d e  w h i c h  c a r r i e d  only an  i n s i g n i f i c a n t  amoun t  of  a d s o r b e d  
s u r f a c e  h y d r o g e n  [4]. T h e r e  was  no e v i d e n c e  of  the  r e d u c t i o n  of  (13 h e r e ,  the  p o l a r i z a t i o n  c u r v e s  fo r  b a c k -  
g round  and e l e c t r o l y t e  c o i n c i d i n g  (Fig.  2). I t  i s  t r ue  tha t  the r e d u c t i o n  of (I) does  o c c u r  on the  Hg e l e c t r o d e  
w h o s e  s u r f a c e  is  a l s o  f r e e  of  a d s o r b e d  h y d r o g e n ,  but  only  at  much  h i g h e r  n e g a t i v e  po t e n t i a l s  w h e r e  t h e r e  is  
a d i r e c t  t r a n s f e r  of  e l e c t r o n s  to  the m o l e c u l e s  t h rough  a n  e l e c t r o c h e m i c a l  m e c h a n i s m .  

On the P t  and  R h  e l e c t r o d e s ,  the  a d s o r b e d  h y d r o g e n  r e s u l t i n g  f r o m  the e l e c t r o c h e m i c a l  s t a g e  in  the  r e -  
a c t i o n  r e d u c e s  (I) to 2 - o x o - 4 , 6 - d i m e t h y l - l , 3 - d i a z a c y c l o h e x a n e  (II) 

CH~ 

C 
s \  

N CH 

O=C C CHa 
\ / 

N 

"7- 4H 

H CH3 
NI 

c 
/ \  

HN CH 2 
I 

O=C C--CH3 
\ / \  

N H 

H ([) H (II) 

Compound  (II) was  a whi t e  c r y s t a l l i n e  s u b s t a n c e  w i th  mp 243-245~ Found:  C 56.49; H 9.45; N 22.25%. 
C6H12N2 O. C a l c u l a t e d :  C 56.22; H 9.44; N 21.86%. IR s p e c t r u m  (v, cm-1) :  1670 (C = O), 3075, 3220 (NH). 

The  e f f ec t  of  the s o l u t i o n  pH on the  r a t e  of r e d u c t i o n  of  (I) on the  P t  and Rh e l e c t r o d e s  was  s t u d i e d  by 
c o n s t r u c t i n g  k ine t i c  c u r v e s  showing  the l o g a r i t h m  of  the d e p o l a r i z e r  c o n c e n t r a t i o n  p lo t t ed  a g a i n s t  the  t i m e  of  
e l e c t r o l y s i s ,  fo l lowing  the p r o c e d u r e  s u g g e s t e d  in  [5]. G a l v a n o s t a t i c  e l e c t r o l y s i s  (i = 80 iliA; i n i t i a l  c o n c e n t r a -  
t ion ,  0.2 M) on a s t a t i o n a r y  e l e c t r o d e  (Sapp = 17 c m  2) w i t h  m a g n e t i c  s t i r r i n g  gave  da t a  l e a d ing  to l i n e a r  p lo t s  
w h o s e  s l o p e s  gave ,  in t u rn ,  the  va lue  of  k,  the  a p p a r e n t  r a t e  c o n s t a n t  w i th  an  a c c u r a c y  of  •  h -1 (Talsle 2). 

In o r d e r  to p r e v e n t  the  e l e c t r o l y t e  f r o m  b e c o m i n g  a l k a l i n e  b e c a u s e  of  the l o s s  of  h y d r o g e n  ions  du r ing  
e l e c t r o l y s i s ,  HC1 w a s  a d d e d  to the bu f fe r  s o l u t i o n s  of  pH 3.3 and  5.1. I t  c an  be s e e n  f r o m  Tab le  2 that  the r a t e  
of  r e d u c t i o n  of  (I) w a s  c o n s t a n t  o v e r  the  i n t e r v a l  f r o m  pH 0.8 to pH 5.1,  and i n d e p e n d e n t  of  the n a t u r e  of the  
m e t a l  c a t a l y s t ,  a t  l e a s t  to wi th in  the l i m i t s  of  e x p e r i m e n t a l  e r r o r .  A l though  the r e a c t i o n  r a t e  fe l l  off s o m e w h a t  
in the  m o r e  a l k a l i n e  s o l u t i o n s  (pH 8.8),  th is  migh t  r e f l e c t  a d e c r e a s e  in the a c c u r a c y  of  m e a s u r e m e n t  b e c a u s e  
of  the high o h m i c  r e s i s t a n c e  of  the  s o l u t i o n  i t s e l f .  

The fac t  tha t  n e i t h e r  the  a c i d i t y  of  the s o l u t i o n  nor  the n a t u r e  o f  m e t a l  c a t a l y s t  had  any e f fec t  on the 
e l e c t r o c h e m i c a l  r e d u c t i o n  of  (I) cou ld  be due to the unique  c h a r a c t e r  of  a d s o r p t i o n  p r o c e s s e s  c a r r i e d  out u n d e r  
t h e s e  cond i t i ons .  

The a u t h o r s  would  l i ke  to thank  V. S. R e z n i k  fo r  his  he lp  in th is  w o r k .  
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CONCLUSIONS 

i. The reduction of 2-exy-4,6-dimethylpyrimidine in aqueous buffer solutions and on electrodes with low 
hydrogen-overvoltage (Pt and Rh) proceeds through an electrocatalytic mechanism leading to the formation of 

2-oxo-4~6-dimethyI-l,3-diazacyclohexane. 

2. The fact that neither the solution pH nor the nature of the metal had any effect on the reduction rate 
could be due to peculiarities in the adsorptional behavior of the 2-oxy-4,6-dimethylpyrimidine. 
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THE PHOTOCHEMISTRY OF THE ALIPHATIC NITROCOMPOUNDS 

COMMUNICATION 9. THE FLASH PHOTOLYSIS OF THE 

~-POLYNITROALKYLSULFIDES AND ~-POLYNITROALKYLSULFONES 

E. M. Maksyutov and V. I. Slovetskii UDC 541.14:547.414 

The p rope r t i e s  of the ~-po lyn i t roa lky l su l f ides  RSC (NO2)2R' {I) and ~-polyn i t roa lky lsu l fones  RSO2C- 
(NO2)2R' (II) a r e  rad ica l ly  d i f ferent  f r o m  those of the usual  organic  sulf ides and sulfones.  The accumulat ion 
of NO 2 groups  of the ~ - C  a tom i n c r e a s e s  the tendency of these  compounds to undergo CNO2-S bond he te ro lys i s  
under  mild a t tack  f r o m  both nucleophilic and e lec t rophi l ic  reagents  [1]. On the other  hand, the t he rma l  g a s -  
phase decomposi t ion  of (D and (II) follows f i r s t - o r d e r  r eac t ion  kinetics and proceeds  through homolyt ic  rupture  
of the C - N  bond [2]. In o ther  words ,  d i f ferent  bonds a r e  b roken  in he te ro lys i s  and t he rma l  decomposi t ion.  
The l i t e r a tu r e  contains no informat ion  on the photochemis t ry  of e i ther  (D or  (ID. The p resen t  work  was a study 
of the pho tochemis t ry  of (19 and (I19 in var ious  so lvents ,  at 20~ and at lower  t e m p e r a t u r e s  as well.  

E X P E R I M E N T A L  

Solutions of (1) and (II) w e r e  studied by f lash photolysis  and rap id  kinetic spec t roscopy  [3]. With a energy 
of 440-875 J to the excit ing lamp,  we es t ima ted  [4] that m o r e  than 1028 quanta of exciting radia t ion  f r o m  the 
240-390 nm reg ion  of the s p e c t r u m  fell on the reac t ion  cel l  in each  flash. Compounds (1) and (II) r e s e m b l e  the 
polyni t roalkanes  [5], showing wide absorp t ion  bands in the UV spec t rum.  The f i r s t ,  more  in tense ,  of these  
bands (e ~ 104) appea r s  in the neighborhood of 210 nm, with a second,  less  intense,  band at  ~280 nm. The 
number  of molecules  of (19 and (II) p r e sen t  in the reac t ion  cell  during an exper imen t  was of the o rde r  of ~ 101~. 
The m e a s u r e d  quantum yields  for  the photodecomposi t ion of analogous compounds range  f r o m  ~0.35 to 0.5 [6]. 
The solutions w e r e  i r r ad i a t ed  at 20~ and at t e m p e r a t u r e s  in the neighborhood of the f reezing point, working 
in the l o w - t e m p e r a t u r e  s y s t e m  desc r ibed  in [7]. Exci ta t ion was c a r r i e d  out ove r  the 220-600 nm range,  the 
f lash energy being held constant  to within • The he rme t i ca l ly  sea led  cyl indr ica l  quar tz  cell  had a length 
of 1.75 cm.  The initial  concent ra t ion  of (19 and (I19 in the solutions chosen  for i r r ad ia t ion  var ied  f r o m  10 -3 to 
10 -4 m o l e / l i t e r .  The s tabi l i ty  of these  solutions were  checked spec t ropho tomet r i ca l ly .  Each solution proved 
to be s table  ove r  the t ime  r equ i red  for  c a r ry ing  out an exper iment .  P r e p a r a t i v e  photolysis  of p-NO 2 PhSC(NO2) 3 
(Ib) was c a r r i e d  out in a cyl indr ica l  quar tz  cell ,  3 cm in length, with 20-60 rain exposure  to the ent i re  e m i s -  
s ion f r o m  a DRT-220 lamp.  The initial  concentra t ion  of (Ib) in these solutions was ~4 �9 10 -1 m o l e / l i t e r .  The 
concentra t ions  of (19 and (I19, both in the or iginal  and in the i r r ad i a t ed  solut ions,  was  de te rmined  s p e c t r o -  
pho tomet r ica l ly  f r o m  the absorp t ion  of the polyni t roalkane anions fo rmed  by t rea t ing  the solutions with s tandard  
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