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Nuclear Reaction Caused by Electrolysis 
in Light and Heavy Water Solutions 

Reiko Notoya, Toshiyuki  Ohnishi and Yohichi  Noya 

Catalysis Research Center ,  Hokkaido University 
Sapporo 060, JAPAN 

A b s t r a c t  
A s e r i e s  of a n a l y s i s  of  t h e  p r o d u c t s  of  s o m e  n u c l e  r c t ions  caused  by 
e l ec t ro lys i s  w a s  pe r fo rmed  by  a g a m m a - r a y  or  l i q u i d  s c i n t i l l a t i o n  
spec t roscopy .  T h e  e l ec t ro lys i s  w a s  c a r r i e d  ou t  by  u s e  of t h e  so -ca l l ed  
the rma l ly  o p e n  c e l l  w h i c h  w a s  e q u i p p e d  w i t h  t h e  c a t h o d e  m a d e  of po rous  
n i c k e l  or  p l a t i n i z e d  p l a t i n u m ,  i n  0 .1 -0 .5  m o l e l l i t e r  Li2CO3, N a 2 C 0 , ,  
K 2 C 0 3 ,  R b 2 S 0 4  a n d  C s 2 S 0 4  l i g h t  a n d  heavy  w a t e r  s o l u t i o n s .  T h e  r e su l t  
.ob ta ined  by  t h e  a n a l y s i s  a n d  t h a t  of o u r  p rev ious  w o r k s  i n d i c a t e d  t h a t ;  
i .  g a m m a  p e a k s  d u e  to 22Na  a n d  2 4 N a ,  40K, "Rb a n d  92Sr ,  o r  134Cs a n d  135Xe  
d u r i n g  each  e l ec t ro lys i s  of  Na', K', R b +  o r  Cs' s o l u t i o n ,  r e spec t ive ly ,  
i i .  g a m m a  p e a k s  d u e  to  C o y  6 4 C u  a n d  65Zn  were  s h o w n  i n  t h e  c a s e s  of a l l  
e l ec t ro ly t e s  i nc luded  e v e n  Li' s o l u t i o n ,  
i i i .  a g a m m a  p e a k  due  t o  the  p o s i t r o n  a n n i h i l a t i o n  w a s  a l s o  obse rved  i n  
every  s o l u t i o n s ,  a t  51  1 k eV,  
iv .  l i q u i d  s c i n t i l l a t i o n  spec t r a  s h o w e d  the  inc remen t  of  t r i t i u m  p roduced  by 
e l ec t ro lys i s  i n  a l l  l i gh t  a n d  heavy  s o l u t i o n s  excep t  for Rb', 

V.  s o m e  n u c l e a r  r eac t ions  w e r e  c a u s e d  by e l ec t ro lys i s  a n d  o c c u r r i n g  a s  t he  

56  

b r a n c h i n g  r e a c t i o n s  of  t h e  hydrogen  evo lu t ion  r e a c t i o n  

1 . I n t r o d u c t i o n  
The  co ld  f u s i o n  occur r ing  in  the  s y s t e m  of d e u t e r i u m - p a  lac i u m  i ecomes  
g r a d u a l l y  n o t - s o  cu r ious  o w i n g  to m a y  s c i e n t i s t s '  e f fo r t s  in  t h e  wor ld ,  s ince  
F l e i s c h m a n n  a n d  P o n s  p roposed  i t  o n  the  b a s i s  of f i n d i n g  a n o m a l o u s  l a rge  
hea t  e v o l u t i o n  d u r i n g  e l ec t ro lys i s  i n  heavy wa te r  s o l u t i o n  of L i + [ l ] .  O n  the  
o the r  h a n d ,  by u s e  of  the  so -ca l l ed  low ove rvo l t age  m e t a l s  for  hydrogen  
e l ec t rode  r e a c t i o n ,  l a rge  hea t  e v o l u t i o n  a n d  s o m e  a m o u n t  of t r i t i um 
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produc t ion  w e r e  obse rved  d u r i n g  e l ec t ro lys i s  even  in  l i g h t  w a t e r  s o l u t i o n s  
of va r ious  a l k a l i - m e t a l l i c  i ons  M+ [2 ] .  F u r t h e r m o r e ,  a f e w  m e t h o d s  of 
chemica l  a n a l y s i s  of t he  e l ec t ro ly t e s  u sed  for  e l ec t ro lys i s  p rov ides  Some 
ev idence  of  n u c l e a r  r eac t ions ,  for  e x a m p l e ,  Ca  i n  K+[2]  o r  1 3 2 - 1 4 0 X  in  CS+ 
so lu t ion[3]  a n d  so  for th .  Fo r  the  l a s t  a f e w  y e a r s ,  t h e  e v i d e n c e  of  t h e  nuc lea r  
r eac t ions  c a u s e d  by e l ec t ro lys i s  h a s  r a p i d l y  inc reased  o w i n g  to  
accumula t ion  of  works  expe r imen ta l  a n d  theo re t i ca l .  I n  p a r t i c u l a r ,  t he  
s i m u l t a n e o u s  m e a s u r e m e n t s  of  t he  e x c e s s  h e a t  a n d  the  r ad ioac t iv i ty  in  a n  
e l ec t ro ly t i c  ce l l  a r e  n o t a b l e  d u r i n g  e l ec t ro lys i s .  In  t h e s e  s y s t e m s ,  t h e  
r eac t ion  m e c h a n i s m  w a s  de te rmined  a s  fo l lows  on  the  b a s i s  of  t h e  r e su l t  of 
our  s t u d i e s  u s i n g  the  g a l v a n o s t a t i c  t r a n s i e n t  me thod[4 ] ;  

where  M(I),  H ( a ) ,  + a n d +  mean t h e  i n t e r - m e t a l l i c  c o m p o u n d  be tween  M 
and  t h e  e l ec t rode  m a t e r i a l ,  an  a d s o r b e d  hydrogen ,  the  r a t e  n o t - d e t e r m i n i n g  
a n d  t h e  r a t e  d e t e r m i n i n g  s t e p s ,  r e spec t ive ly .  
The  a i m  o f  t h i s  work  i s  to  f ind  out  t h e  ev idence  for  t h e  n u c l e a r  r eac t ions  o f  
M(I), w h i c h  m u s t  be  occur r ing  even  in  l i g h t  wa te r  s o l u t i o n s .  T h e  da ta  
conce rn ing  t h e  pos i t ron  a n n i h i l a t i o n  i s  r epor t ed  in  the  o t h e r  p l ace [5 ] .  
Therefore ,  i t  w i l l  be men t ioned  s u m m a r i l y  in  t h i s  p a p e r .  

2 .  Expe r imen ta l  P a r t  
The  e l ec t ro ly t i c  ce l l  and  e l ec t rodes  were  the  s a m e  a s  d e s c r i b e d  in  t h e  
p rev ious  p a p e r s [ 2 , 3  1 .  Namely ,  we used  porous  n i cke l  or  p l a t i n i z e d  p l a t i n u m  
as  a c a t h o d e (  1 .O X 0.5  cm in s i ze ,  5 0 .1  cm in th i ckness ) .  T h e  s a m e  ca thode  
was  usua l ly  u s e d  a few t imes  for e l ec t ro lys i s  i n  t h e  s a m e  k i n d  o f  e lec t ro ly te .  
Twenty  or t h i r ty  mi l l i l i t e r s  of 0 .5  mole / l  L i O H ,  Na2CO3, K 2 C 0 3  or  0 . 3  
mole11 R b 2 S 0 4 ,  o r  0.1 mole / l  C s 2 S 0 4  so lu t ion  01' l igh t  or  heavy ,  or  mixed  
wa te r  of them w a s  used  a s  the  e l ec t ro ly t e .  S o m e  se r i e s  of  o b s e r v a t i c n  o f  
excess  hea t  a n d  y - ray  spec t r a  w e r e  FCrfOCIried 

e lec t ro lys i s  of  6-100 hour s  in  a d a r k  c h a m b e r  m a d 2  ~ f l e a d  wai!s: of lOcm i n  
t h i ckness .  A f t e r  e l e -  c t ro lys i s ,  the  e l ec t ro ly t e s  \\ 'ere ana lyzed  by use  of a 
l i qu id  s c i n t i l l a t i o n  spec t romete r .  T h e  p rocedure  w a s  t h e  s a m e  a s  desc r ibed  

sIn.iri1taneously (di~r icg 

a l s o  in  p rev ious  pape r [6 ] .  
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3 .  Resul t s  and  Discuss ion  

3.1. y -ray Spectra  

F ig .1  shows the typical  spectrum observed in  K+ so lu t ion  by a  y -ray 
spectro  meter  equipped wi th  a pure  germanium detector  (made by Nippon 

Atomic Industry  Group Co.LTD) 

F ig .  1 .  y - ray spectrum observed in  solution on Ni:  energy region,  0-1.6M 
eV,  dura t ion  and input  power of e lectrolysis ,  50hr ,  0 . 6 5 ~ .  Peaks a re  
numbered in  the same way in Table  1. 

Table  1 .  Ident i f ied Nuclear Species  and  Their  Amounts .  

Nuclear  Energy Amount Limit  of Detected Peak 

Th-234 
Hg-197 
Th-234 
U -235 
Ra-226 
Pb-2 12 
Pb-2 14 
T1-208 
Pb-214 
Pb-2 14 

CU- 63 
Zn-  65 
CO- 56 
N - 13 
F - 18 
T1-208 
CO- 56 
Zn- 65 
CO- 56 
Na- 24 

li - 40 
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T h e  a m o u n t  of each  nuc lea r  s p e c i e s  e s t ima ted  f rom the  p e a k  va lue  s h o w n  in  
F i g . 1  w a s  l i s t ed  in  Tab le  1 ,  r e spec t ive ly ,  
T h e s e  quan t i t i e s  e s t ima ted  f rom the  obse rva t ion  of  Y - r ay  spec t r a  a r e  found 
i n  t h e  r eg ion  of 0.001-0.1 Bq.  I n  Li+  so lu t ion ,  mere ly  t h e  p e a k s  d u e  t o  the  
p o s i t r o n  a n n i h i l a t i o n ,  6 4 C ~  a n d  "Zn were  inc reased  by e l ec t ro lys i s .  I n  the  
c a s e  of  Na+  , 22Na (1 ,276  k e v )  w a s  of ten  de t ec t ed  t o g e t h e r  w i t h  
2 4 N a ( l , 3 6 6 k e V ) .  
I n  K+ so lu t ion ,  40K(1 ,461  k eV)  i s  i nc reased  a l w a y s  t w i c e  f rom 0 . 0 2 B q  to 
0 . 0 4 B q  by 24  hour s '  e l ec t ro lys i s  w i t h  0.5-0.6 w.  
I n  t h e  c a s e  of  Rb+  so lu t ion ,  89Rb(1 ,032  and  1 ,250  keV)  w a s  p roduced  by 
e l ec t ro lys i s  a n d  somet imes  '*Sr. In  t h e  case  of Cs', a s m a l l  a m o u n t  o f  
1 3 4 C ~ ( 6 0 9  a n d  794  keV)and ' 3 5 X e ( 2 5 1  keV)  were  d e t e c t e d .  B u t  i n  Cs+ 
s o l u t i o n ,  t he  peak  due  t o  pos i t ron  a n n i h i l a t i o n  s h o w e d  t h e  h i g h e s t .  T h e  
r e a s o n  does  no t  become c l ea r  in  t h i s  t ime.  

3 .2 .  L i q u i d  Sc in t i l l a t i on  Spec t ra  
A l i q u i d  sc in t i l l a t i on  spec t ro -ana lyze r (Packa rd  C A  2 5 5 0 )  w a s  used  fo r  
d e t e r m i n a t i o n  of  t r i t i um concen t r a t ion  in  e lec t ro ly te  a f t e r  e l ec t ro lys i s .  Two 
types  of  a l i q u i d  sc in t i l l a t i on  spec t r a  were  exempl i f i ed  i n  F i g . 2 a  a n d  F i g . 2 b  
obse rved  by u s e  of the s a m p l e s  of  L i+  and  R b +  s o l u t i o n s .  The  m a x i m u m  
p o s i t i o n  s h o w n  in F ig .2a  a n d  those  of the spec t r a  of t h e  s a m p l e s  of Na', K+ 
a n d  Cs+ s o l u t i o n s ,  ag ree  wi th  tha t  o f  the  a u t h e n t i c  s a m p l e  of t r i t i um.  Bu t ,  
t h e  m a x i m u m  poin t  of s p e c t r u m  s h o w n  in F i g . 2 b  moved  towards  h i g h e r  
e n e r g y ,  t ha t  w a s  s t rong ly  a f fec ted  by the  p re sence  of  "Rb ( the  n a t u r a l  
a b u n d a n c e :  27 .835%) .  The  r a t e s  o f  gene ra t ion  of t r i t i u m  by e l ec t ro lys i s  
w e r e  de t e rmined  in a l l  k i n d s  of e lec t ro ly tes  of r i g h t  a n d  heavy wa te r  except  
for  Rb', w h i c h  were  l i s t ed  in  T a b l e  2.  

2 .0  CF'M 

F i g s . 2 a  and  2 b  Liquid  sc in t i l l a t i on  spec t ra  obse rved  by u s e  o f  L i+  and  Rb' 
s a m p l e s .  
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T a b l e  2.  Gene ra t ion  R a t e  of T r i t i u m  i n  Var ious  E lec t ro ly t e s  on  Porous  
Nicke l .  

E 1 e c  t r o  ly  t e Winputs E x c e s s  Heat  3Tb 
I o n  W a t e r  W YO Bq/20ml  * 2 4 h r  

1 .Li' H I 0  0.75 . 5 3  0 .25  
2.  'f 0 .73 5 2  0.032 
3. Na' H20  0.6 1 134 1.92 
4.  0.77 5 9  0.222 

. 5 .  H,O+D20 - - - - -  - - - -  2.006 
6 . K '  H i 0  0.47 9 7  0.89 

3 .42  

I 

_ _ - - -  7. " H,O+D,O - - * - - -  

8. '' D20 0.65 110 3 9 3  
9 .  Cs' H 2 0  0.7 1 62 3 2  
1 0 . "  " 0.72 6 1  ' 7 2  

7 1 1 . " " 0.4 1 - - - -  
a :  I n p u t  power  
b: Bq d e n o t e s  t r i t i u m  a m o u n t  g e n e r a t e d  in  20 ml e l e c t r o l y t e  d u r i n g  2 4 h r ' s  
e l e c t r o l y s i s  

3 . 3 .  N u c l e a r  Reac t ions  Caused  by Elec t ro lys i s  
A c lea r  p e a k  w a s  found a t  5 1  1 k e V ,  wh ich  m u s t  be  d u e  to  the pos i t ron  
a n n i h i l a t i o n .  I n  pa r t i cu la r ,  i t  w a s  r emarkab le  t h a t  t h e  p e a k  appea red  on 
a l l  s p e c t r a  w h i c h  were  observed  d u r i n g  the  e l ec t ro lys i s  of a l l  e lec t ro ly tes  
u s e d  for t h i s  work .  T h e  inc rease  of  t he  peaks  c h a r a c t e r i z e d  by 6 4 C u ,  6SZn 
a n d  56C0  wi th  the  inc rease  of d u r a t i o n  of e l ec t ro lys i s  were  common to  a l l  
s o l u t i o n s .  Bes ides ,  t h e  inc rease  of  the  products  of s o m e  nuc lea r  reac t ions  
a s  d e s c r i b e d  above  c a n  be e s t i m a t e d  on  the b a s i s  o f  y - ray  spec t r a l  da t a .  
T h e s e  r a d i o a c t i v e  spec ie s  a re  wel l  known  t o  be  p roduced  eas i ly  in  a 
n u c l e a r  f u r n a c e ,  for example ,  N a ( n ,  y ) 2 4 N a ,  ( y  , n ) 2 2 N a ,  39K(n ,  
y ) 4 0 K ,  S6Fe(p ,n  or d ,2n )56Co ,  Z n ( n ,  y )"Zn and  

C s ( n ,  Y ) ' 3 4 C s .  89Rb ,92Sr  and  I3'Xe may be p roduced  th rough  a s e r i e s  
of s o m e  e l emen ta ry  r eac t ions .  Ca  a n d  the e l emen t s  of  the m a s s  number  
f rom 132 t i l l  1 4 0  were  produced  in  the  same  way ,  w h i c h  had  been  de tec ted  
i n  t h e  e l ec t ro lys i s  of K+ a n d  C s +  ions .  
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