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SUMMARY 

The t r i t i a t i o n  of  a range of low molecular  weight a lkanes  
and a lkenes  has  been i n v e s t i g a t e d  by s e l f - r a d i a t i o n  induced 
exchange wi th  HTO a t  room temperature  and 115O. 
wi th  t h e  Wilzbach T:, gas  exposure procedure,  t h e  HTO method 
y i e l d s  less byproducts and radiochemical  p u r i f i c a t i o n  of  t h e  
p a r e n t  compound is  f a c i l i t a t e d .  With a l k e n e s ,  s a t u r a t i o n  of 
t h e  double bond is  a competing p rocess  i n  t h e  HTO procedure,  
however t h e  s i g n i f i c a n c e  of t h i s  s i d e  r e a c t i o n  dec reases  
wi th  i n c r e a s i n g  temperature  of exchange. 
is  shown t o  be s u i t a b l e  f o r  t r i t i a t i n g  a wide range o f  hydro- 
carbons t o  medium l e v e l s  of s p e c i f i c  a c t i v i t y .  

By comparison 

The HTO technique 

Key Words: T r i t i um,  Hydrocarbon T r i t i a t i o n ,  Rad ia t ion  Exchange 

INTRODUCTION 

The use of high s p e c i f i c  a c t i v i t y  t r i t i a t e d  water t o  i n i t i a t e  r a d i a t i o n -  

induced exchange l a b e l l i n g  o f  a number of l i q u i d  hydrocarbons has  been r e p o r t e d  

i n  b r i e f  (1). 

t r i t i a t i o n  o f  s o l i d s ,  i n  p a r t i c u l a r ,  t h e  i n o s i t o l s  ( 2 ) .  This  s imple t r i t i a t i o n  

procedure i n  which t h e  hydrocarbon is  exposed t o  HTO ( t y p i c a l l y  5 C i /g )  f o r  

s e v e r a l  weeks y i e l d s  p roduc t s  w i th  radiochemical  p u r i t i e s  

t han  those  t y p i c a l  o f  t h e  conven t iona l  Wilzbach gas  exposure technique ( 3 ) .  

With compounds such as cyclohexane and t o l u e n e ,  radiochemical  p u r i t i e s  up t o  98% 

were achieved and t h e  need f o r  r i g o r o u s  p u r i f i c a t i o n  procedures  on t h e  product  

was thus  minimised. 

HTO have been r e p o r t e d  ( 4 )  b u t  i n  g e n e r a l  such procedures  l e a d  t o  e x t e n s i v e  

decomposition y i e l d i n g  r e s u l t s  more c l o s e l y  resembling t h e  Wilzbach p rocess .  

The procedure has  a l s o  been adopted advantageously for t h e  

cons ide rab ly  h i g h e r  

Some ear l ier  s t u d i e s  of y - r a d i a t i o n  induced exchange wi th  
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We now r e p o r t  a sys t ema t i c  s t u d y  of t h e  t r i t i u m  l a b e l l i n g  of e s s e n t i a l l y  

gaseous low molecular  weightkiydrocarbons,  bo th  a lkanes  and a lkenes ,  by exposure 

t o  HTO. 

p roduc t s ,  c a r r i e d  o u t  fo r  t h e  purposes  o f  a s s e s s i n g  t h e  s i g n i f i c a n c e  of t h e  

procedure fo r  t h e  t r i t i a t i o n  of s imple molecules  and t o  pe rmi t  a comparison with 

t h e  r e s u l t s  of t h e  conven t iona l  Wilzbach method ( 3 ) .  Previous compounds 

l a b e l l e d  i n  p re l imina ry  s t u d i e s  (1,2) wi th  t h e  p r e s e n t  HTO technique were 

e s s e n t i a l l y  l i q u i d s  and s o l i d s  and l a b e l l i n g  appeared t o  occur  predominantly i n  

t h e  condensed phase as d i s t i n c t  from t h e  c u r r e n t  experiments  where t r i t i a t i o n  

is i n  t h e  gas  phase.  Such gas phase s t u d i e s  are important  for  d i r e c t  comparison 

with equ iva len t  Wilzbach d a t a ,  s i n c e  t h e  source of t r i t i u m  ( T  ) i n  Wilzbach work 

is gaseous.  

The work has  involved a c a r e f u l  a n a l y s i s  of t h e  radiochemical  by- 

2 

RESULTS AND DISCUSSION 

The d i s t r i b u t i o n  o f  a c t i v i t y  i n  p a r e n t  compounds and byproducts  f o r  a 

series o f  a lkanes  l a b e l l e d  a t  room temperature  is  l i s t e d  i n  Table 1 and a t  115' 

i n  Table 2 .  I n  no experiment w a s  a s i g n i f i c a n t  chemical  y i e l d  o f  byproduct 

observed, t h u s  no byproduct found possessed a chemical concen t r a t ion  g r e a t e r  

than 1%. 

temperature ,  on ly  about 1% of t h e  t r i t i u m  water added e x i s t e d  i n  t h e  vapour s ta te  

while ,  a t  t h e  high t empera tu re ,  t h e  bulk of t h e  water ( 7 0 % )  w a s  i n  t h e  vapour 

s ta te .  In  each experiment a l l  t h e  hydrocarbon was i n  t h e  vapour s ta te ,  t h e  

hydrocarbon s o l u b i l i t y  i n  t h e  t r a c e  of  l i q u i d  water p r e s e n t  being ve ry  s l i g h t .  

The experimental  c o n d i t i o n s  used were such t h a t ,  a t  t h e  lower 

The r e s u l t s  a t  room temperature  (Table 1) show t h e  radiochemical  

p u r i t y  of  p roduc t s  ( 8 7 %  t o  9 5 % )  t o  be cons ide rab ly  above t h o s e  of t h e  Wilzbach 

t r i t i u m  gas procedure where t y p i c a l l y  63% and 37% have been quoted f o r  t h e  

radiochemical  p u r i t y  of methane ( 5 )  and e thane  (6) r e s p e c t i v e l y .  A t  t h e  h ighe r  

temperature  (115O) a s i g n i f i c a n t l y  l a r g e r  range o f  l a b e l l e d  byproducts  was 

observed (Table 2 )  and t h e s e  con ta ined  a much l a r g e r  p ropor t ion  o f  t h e  inco rpora t ed  

a c t i v i t y ,  a t r e n d  a l s o  noted i n  Wilzhach and microwave l a b e l l i n g  t echn iques .  

byproducts were s u b s t a n t i a l l y  t h o s e  t y p i c a l l y  observed j.n e l e c t r o n  o r  gamma rad io -  

l y s i s  of t h e  r e s p e c t i v e  a lkanes  ( 7 ) .  

These 
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With methane or  e thane ,  t h e  p r i n c i p a l  a c t i v e  byproduct found w a s  t h a t  

r e s u l t i n g  from a d imer i za t ion  r e a c t i o n  t o  y i e l d  e thane  and butane r e s p e c t i v e l y .  

With t h e  longe r  cha in  a lkanes  deg rada t ion  p roduc t s  became more s i g n i f i c a n t  and 

i n t e r a c t i o n  of  t h e s e  degraded s p e c i e s  and t h e  p a r e n t  molecule l e d  t o  a v a r i e t y  of 

h i g h e r  molecular  weight byproducts .  The radiochemical  p u r i t y  of  t h e  product  

i nc reased  wi th  t h e  carbon chain l e n g t h  o f  hydrocarbon 

t h e  radiochemical  p u r i t y  of 95% for  n-butane and &-butane was close t o  t h a t  

observed p rev ious ly  f o r  cyclohexane and t o l u e n e  (1). I t  t h u s  appears  t h a t  t h e  

a c t i v i t y  d i s t r i b u t i o n  between p a r e n t  and byproducts  is independent o f  s k e l e t a l  

s t r u c t u r e  o f  p a r e n t  i . e .  whether t h e  hydrocarbon is  s t r a i g h t ,  branched, c y c l i c  o r  

aromatic. 

and,  a t  room t empera tu re ,  

By c o n t r a s t ,  t h e  r e s u l t s  f o r  t h e  two a lkenes  s t u d i e d ,  e thene  and 

propene (Table  31, show c l e a r l y  t h a t  s a t u r a t i o n  o f  t h e  a lkene  t o  t h e  corresponding 

l a b e l l e d  a lkane  accompanies t h e  l a b e l l i n g  o f  t h e  p a r e n t  compound and lower r a d i o -  

chemical p u r i t y  f o r  such molecules is t y p i c a l  as observed p rev ious ly  f o r  hexene(1) .  

The degree of s a t u r a t i o n  o f  t h e  p a r e n t  molecule appeared t o  be  s i g n i f i c a n t l y  

lower a t  t h e  h i g h e r  t empera tu re ,  p a r t i c u l a r l y  wi th  propene. 

While t h e  p r e s e n t  s t u d i e s  were n o t  designed t o  e l u c i d a t e  t h e  mechanism 

of  t h e  t r i t i a t i o n  r e a c t i o n s ,  it is  s i g n i f i c a n t  m e c h a n i s t i c a l l y  t h a t  t h e  formation 

o f  l a b e l l e d  byproducts  i n  t h e  t r i t i a t i o n  of  a lkanes  was markedly h i g h e r  a t  t h e  

e l e v a t e d  temperature  when t h e  HTO c o n c e n t r a t i o n  i n  t h e  gas  phase was some 70 times 

above t h a t  a t  ambient temperatures .  

carbon p r e s e n t  was d i s s o l v e d  i n  t h e  l i q u i d  phase (10 

phase r e a c t i o n s  were a lone  r e s p o n s i b l e  f o r  t h e  p roduc t s  observed.  

S ince  a ve ry  s m a l l  f raction of t h e  hydro- 

-6 
), it is  l i k e l y  t h a t  gas  

Thus, i f  t h e  g e n e r a l l y  accepted mechanisms ope rab le  i n  t h e  r a d i o l y s i s  

of methane are assumed, t hen  l a b e l l e d  methane may be  presumed t o  r e s u l t  from 

i n t e r a c t i o n  of -CH3 w i th  HTO, whi le  t h e  i n t e r a c t i o n  of  *CH 

would y i e l d  predominantly u n l a b e l l e d  s t a b l e  p roduc t s .  However, a t  h igh  HTO 

c o n c e n t r a t i o n s  t h e  i n i t i a l  i o n i c  s p e c i e s ,  such as CH: , may i n t e r e a c t  w i th  HTO, i n  

s u c c e s s f u l  compet i t ion with i t s  normal i n t e r a c t i o n  wi th  CH4,  t o  y i e l d  CH5 . 

wi th  o r g a n i c  s p e c i e s  3 

+ 
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CH; t HTO + C H ~ T +  t .OH 

- 
H2 -+ *CH2T t 

t CH4T + e 

Labelled byproducts would then r e s u l t  from the  usual  l a b e l l e d  methyl r a d i c a l  

reac t ions  with organic  species .  From the  r e l a t i v e l y  low y i e l d  of t r i t i a t e d  

byproducts obtained from methane when the  gas phase HTO pressure was low, a s  

occurred i n  t h e  ambient temperature experiments, it appears t h a t  ion-molecule 

reac t ions  of t h e  above type t o  form t r i t i a t e d  intermediates  were r e l a t i v e l y  

unimportant under those condi t ions.  

In  addi t ion  t o  reac t ions  i n i t i a t e d  by i r r a d i a t i o n  of t h e  organic component, 

some p a r t  of t h e  r a d i a t i o n  energy would be deposited within t h e  gas phase water 

component of t h e  system leading t o  the  formation of t h e  severa l  r e a c t i v e  i n t e r -  

mediates present  i n  radiolysed water vapour. 

these  processes a r e  l i k e l y  t o  have been s i g n i f i c a n t  and may have led  t o  t h e  formation 

of l a b e l l e d  parent ,  by reac t ions  such a s  hot atom displacement by T . ,  a s  wel l  a s  a 

v a r i e t y  of o t h e r  l a b e l l e d  products. 

A t  t h e  higher water concentrat ion 

Earlier work with i n o s i t o l s  (2)  suggested t h a t  some s i m i l a r i t y  may e x i s t  

between HTO l a b e l l i n g  systems and t h e  processes observed i n  negative ion mass 

spectrometry where de-energised primary e lec t rons  a r e  r e a d i l y  captured i n  a low 

energy process t o  give r e l a t i v e l y  s t a b l e  anions. It  is thus  p laus ib le  t o  suggest 

t h a t  negative ion intermediates  may a l s o  be j u s t  as important i n  t h e  present  HTO 

l a b e l l i n g  mechanisms as are p o s i t i v e  ions and r a d i c a l s .  

In  t h e  Wilzbach T 2  gas phase system a " t r i t ium recoi l "  path was thought 

t o  be responsible  f o r  t h e  production of p a r t  of t h e  labe l led  products ( 8 ) .  

present  HTO system such a path is  not poss ib le  s ince  decay of  t h e  t r i t i u m  atom i n  

HTO y i e l d s  a n o n - t r i t i a t e d  r e c o i l  species .  

t h e  d i f fe rence  between t h e  Wilzbach and HTO r e s u l t s .  

In  t h e  

This may account for a t  l e a s t  p a r t  of 

F ina l ly ,  t h e  present  da ta  i l l u s t r a t e  t h e  p o s s i b i l i t i e s  of using t h e  HTO 

technique as a general  t r i t i u m  l a b e l l i n g  t o o l  f o r  hydrocarbons. 

t h a t  simple alkanes may be l a b e l l e d  with radiochemical p u r i t i e s  considerably 

The r e s u l t s  show 
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h i g h e r  than  t h o s e  t y p i c a l  o f  t h e  conven t iona l  Wilzbach gas  exposure t echn ique ,  

p a r t i c u l a r l y  where ambient temperature  c o n d i t i o n s  are chosen and t h e  hydrocarbon 

p r e s s u r e  cons ide rab ly  exceeds t h e  HTO vapour p r e s s u r e .  

tritium incorpora t ion  are r e l a t i v e l y  s low i n  t h e  p r e s e n t  HTO t echn ique ,  

byproduct formation is n o t  excess ive  and does n o t  g e n e r a l l y  p rec lude  radiochemical  

p u r i f i c a t i o n  of t h e  l a b e l l e d  p a r e n t .  

technique r e n d e r s  it attractive as a l a b e l l i n g  procedure and an assessment  of 

i t s  u s e f u l n e s s  wi th  more complex molecules  i s  con t inu ing .  

Although rates of 

The experimental  s i m p l i c i t y  of t h e  HTO 

EXPERIMENTAL 

Hydrocarbon gases  (67.8 m l  a t  760 mm) were condensed i n t o  a r e a c t i o n  

v i a l  (47.1 ml) fol lowed by high s p e c i f i c  a c t i v i t y  t r i t i a t e d  water (0.097 m l ,  

5 C i /g ) ,  t h e  r e a c t i o n  v i a l  s e a l e d ,  and t h e  mixture  he ld  e i t h e r  a t  room tempera tu re  

or hea ted  t o  115OC f o r  t h e  r e q u i r e d  t i m e .  

bulk of t h e  hydrocarbon w a s  d i s t i l l e d  from t h e  r e a c t i o n  v i a l  through a break s e a l  

and sampled f o r  a n a l y s i s  on a gas  l i q u i d  chromatograph coupled t o  a p r o p o r t i o n a l  

counter .  
a c t i o n  f l a s k  and been excluded from t h e  a n a l y s i s .  
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