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Continuing our  work  on the rad io lys i s  of methy l  alcohol [1] and its aqueous solutions [2], we found that  
high yields  of formaldehyde  a r e  obtained in 7 - r ad io lys i s  of methanol  containing alkal i  and sa tu ra ted  with 
n i t rous  oxide. The p r e s e n t  p a p e r  deals  with a s tudy of this effect.  

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

We used  Co 6~ g a m m a  radiat ion.  The dose r a t e  was m e a s u r e d  by the f e r rosu l f a t e  method. A c o r r e c -  
t ion was made to the dose for  the d i f ference  in the e lec t ron  densi t ies  of methanol  and the dos ime t r i c  so lu -  
tion. Methyl  alcohol of C.P.  g rade  was pur i f ied  by boiling with 2 ,4-din i t rophenylhydrazine  in a f lask  with 
a ref lux  condenser  for  s e v e r a l  hours ,  followed by dist i l lat ion twice in a cu r r en t  of ni t rogen.  The caus t ic  
po tash  was of C.P.  grade .  Methanol was  s a t u r a t e d  with ni t rous oxide by  pass ign  the gas  for  30-40 min.  
Oxygen was r e m o v e d  f rom the N20 by  pass ing  it through a solution of pyrogal lo l .  In mos t  expe r imen t s  the 
KOH concent ra t ion  in the methanol  was 0.1 M. The formaldehyde  content of the i r r ad ia t ed  spec imens  was 
de t e rmined  by the spec t ropho tome t r i c  method with chromot rop ic  acid [3, 4]. 

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

F igure  1 plots  G(HCHO) (G is the yield) v e r s u s  11/2 (I is the dose ra te)  for  a 0.1 M KOH solution in 
methanol ,  s a tu r a t ed  with ni t rous  oxide. The yields we re  obtained at doses  of 1017-7.10 i8 eV/ml .  In this 
dose range  G (HCHO) is independent of the dose.  It will  be seen  f rom Fig. 1 that  in this s y s t e m  the f o r m -  
aldehyde yie lds  a re  high; G (HCHO) is p ropor t iona l  to 11/~. An a t tempt  was made to find ethylene glycol  
in the i r r ad i a t ed  solutions by the method in [4, 5]. However ,  it was unsuccess fu l  because  it is difficult to 
detect  ethylene glycol  against  an intense HCHO background by this method.  According to our  data,  in ab -  
sence  of N20 the yield of fo rmaldehyde  for  methanol  containing 0.1 M KOH (saturat ion with N2) is 1.9, i .e . ,  
c lose  to the y ie ld  in the ca se  of neu t ra l  deae ra t ed  CH3OH. For  N20- sa tu ra t ed  neu t ra l  CH3OH , G (HCHO) 
is 2.8:~0.3. We can thus infer  that  chain fo rma t ion  of formaldehyde  takes  place  only in the s imul taneous  
p r e s e n c e  of a lkal i  and ni t rous  oxide. 

The m o s t  p robab le  fo rmat ion  m e c h a n i s m  of HCHO is apparen t ly  as follows: 

C H 3 O I - ] ~  e[ CH~OH, other products (1) 

(2) e~ -}- N~O ~ N20- -, N2 + O- 

CH20H ~- CH~0- + H* (3) 
CH~0- + N20 ~ HCHO + N20- (N, + 0-) (4) 

CHa0H -l- O- --> CH20H + OH- (5) 
CH20- + CH~O- -~ Product (6) 

It is not unlikely that  N20- r e a c t s  d i rec t ly  with the alcohol to give CH2OH , N2, and OH-. Note that  a s i m i l a r  
m e c h a n i s m  was p roposed  in [6] for  chain radia t ion  decomposi t ion  of i sopropanol ,  and, according to Asmus  
et al. [7], the pK of d issocia t ion  of the CH2OH rad ica l  in an aqueous solution is 10.7. F r o m  (1-6), we read i ly  
obtain the following kinetic equation: 
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Fig. 1. Effect  of dose r a t e  
on G (HCHO) during g a m m a  
rad io lys i s  of CH3OH s a t u -  
r a t ed  with N20 and conta in-  

kdN~Ol ~; /t00 N\~/~ 
G (HCH0) = (2 k6) '}~ [G (eT) + G (CHa0H)] = \ ~ )  

(7) 

where  k 4 and k 6 a re  the r a t e  constants  of the co r respond ing  reac t ions  in 
l i t e r / M ,  sec;  G (es-)  and G (HCHO) a re  the init ial  yields of e s -  and CH2OH , 
I is the dose r a t e  in e V / l i t e r ,  s ec ,  and N is the Avogadro number .  

The yield of r ad ica l s  for  r ad io lys i s  of liquid CH3OH is 6.2-6.6 [8-10]. 
In this s y s t e m  v i r tua l ly  all  the r ad ica l s  a re  eventual ly  t r a n s f o r m e d  to CH2OH. 
We can t h e r e f o r e  a s s u m e  that  G (es-)  + G (CH2OH) = 6.2-6.6.  According to 
Hayon and Moreau [11], in the p r e s e n c e  of r e l a t ive ly  sma l l  amounts  of e l e c -  
t ron  accep to r s  G (es-)  i n c r e a s e s  when m e a s u r e d  f rom the yields of t he i r  
radiolyt ic  convers ion  products .  In the case  of N20-sa tu ra t ed  CH3OH , this 
i nc rea se  ( m e a s u r e d  f rom the i nc rea se  in the yield of N2) is ~ 1  [12, 13]. 

ing 0.1 M KOH. 
However ,  it is not unlikely that  this i nc rease  of G (es-)  in the p r e s e n c e  of 
N20 is only an apparen t  one. According to Teply  and H a b e r s b e r g e r o v a  [13], 

when N20 is added to methanol  the yie ld  of ethylene glycol ,  f o rmed  predominan t ly  by recombina t ion  of 
CH2OH , is v i r tua l ly  unchanged; but an inc rease  is o b s e r v e d  in the yield of fo rmaldehyde ,  of which the f o r m a -  
t ion is mos t  p robab ly  due [1] to reac t ions  in nbranches,"  We also obse rved  an inc rease  in G (HCHO). We 
can t h e r e f o r e  a s s u m e  that  the addit ional amount of N 2 in N20-sa tu ra t ed  CH3OH is due to the react ion  with 
the "exci ted alcohol n 

N20 @ CHa0H* -~ N2 -~ H20 ~- HCH0 (8) 

Thomas and Bensasson [14] showed recently by means of electron pulses of duration 1.2.10 -8 sec 
that an increase occurs in the concentration of es- , which have escaped recombination in the "branches," 
when 0.I M NaOH is added to ethanol. Their report [14] shows that this increase is ~ 100%. The effect is 
apparently due to suppression of the reaction: 

e 7 § C2H~OH~ ~ H § C~HsOH (9) 

However ,  exclusion of this p r o c e s s  does not lead to a change in the ove ra l l  yields of e S- and r ad ica l s  f rom 
the alcohol.  

It is thus quite probable  that addition of N20 and KOH to methanol  has l i t t le ef fec t  on the sum G (es-) + 
G(CH2OH). It is t he re fo re  a s s um ed  that in the case  of N20-sa tu ra ted  CH3OH containing 0 .1M KOH this 
sum is  ~ 6.4. Hence f r o m  the data in Fig.  1 we can calcula te  by (7) the re la t ive  constant  ~ ka/k61/2. It is 
(8.8 • 2.4)~10 -2 ( l i t e r / M - s e c )  1/2. 

CONCLUSIONS 

I. During gamma radiolysis of methanol containing alkali and nitrous oxide, formaldehyde is formed 
by a chain mechanism, the yields reaching 170 molecules/100 eV. 

2. A mchenism is proposed for the formation of HCHO, the chain carrier being the CH20- radical. 
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