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TRITIUM LABELLING OF HYDROCARBONS BY SELF-RADIATION 

INDUCED EXCHANGE WITH HTO, 

Received on February 2 9  1 9 7 2 .  

A convenient source of tritiated compounds utilizes the 

Wilzbach tritium gas expi)sure techniqueL which suffers from 
the severe disadvantage of difficulty with radiochemical 
purification of the parent compound . Radiation-induced 

exchange involving l w  levels (mCi/ml) of HTO with mesitylene 
and benzene has h e n  reported3, hwever, no details of 

simultaneous radiation-induced degradation have been published, 

nor has this exchange technique been proposed as a general 
one-step labelling tool complementary to homogeneous4 and 

heterogeneous’ metal catalysis. 

could be useful for tritium labelling to certain levels of 
activity; hwever, from experience with the Wilzbach techniqm 

studies of simultaneous degradation are required before the 

value of the technique can be assessed. 

2 

For simplicity, T 0 exchange 2 

We now wish to report fo r  the first time the use of 

radio-scanning gas chromatography in a thorough study of 

by-product formation during HTO induced exchange with 

aliphatic and aromatic hydrocarbons (Table). The analytical 

system used consisted of a gas chromatograph, the effluent 
of which was directly passed into an ionization chamber mounted 
on a vibrating reed electrometer for simultaneous radioactivity 

determination. The exchange procedure simply involved adding 
HTO to the organic compound under vacuum in a breakseal 
ampoule and heating to the required temperature. 

The significant features of the results (Table) are 

all saturated and unsaturated .aliphatic and aromatic (i) 
hydrocarbons studied may be labelled by this simple method, 
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(ii) no by-products were produced in detectable chemical 
concentration, the by-products observed being detected by 

virtue of their radioactivity only, thus demonstrating the 
remarkable value of the gas chromatograph-ion chamber assembly 

for this work, (iii) the radiochemical purity of the products 
contrasts markedly with the purities of those typical of 

Wilzbach tritium gas exchange wheleup to 70% of incorporated 
activity may appear as a mixture of addition and degradation 

products , (iv) at the HTO level of activity used (5Ci/inl), 
the present method is valuable as a simple, one-step procedure 

for the tritium labelling of compounds to specific activities 
ofpCi/mmole, (v) the radiochemical purity of the products was 

better for gas phase than liquid phase systems, the principal 

by-product for unsaturated aliphatics and aromatics being that 
resulting from the addition of two hydrogen atoms to the parent 

compound, (vi) 1.4-cyclohexadiene is the only detectable by- 
product from benzene, suggesting that, mechanistically, hydrogen 

atom addition involving cyclohexadienyl radicals is involved: 
similarly, toluene yields methyl-1.4-cyclohexadiene, and (vii) 

hexane containing approximately 24% of the total incorporated 
activity is the only major by-product from n-hexene, thus con- 

firming the preceding mechanistic conclusion and also demonstrat- 
ing that with olefins, the HTO method is remarkably similar to 

the Wilzbach procedure where saturation of the double bond is 
the predominant reaction'. 

6 

In previous studies which may be related to the present 
work, HTO (mCi/hl) has been added to aromatic hydrocarbons 
during y-radiolysis in order t o  study radiation-induced 

7 reactions at low conversions . Gamma radiation has also 

been used to induce exchange between ?IT0 and amides . 
In general, however, y-radiolysis especially at high doses 
is to be avoided in tritium labelling work since this usually 
leads to extensive decomposition yielding results more closely 
resembling the Wilzbach process. 

8 
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In  t h e  present  work, t he  f a c t  t h a t  products have been 

detected r e s u l t i n g  from hydrogen addi t ion  reac t ions  is  

cons is ten t  with other observations i n  general  r ad ia t ion  

chemistry, such a s  i n  the  y-radiolysis of benzene and 

mixtures where t h e  formation of product 1.4-cyclohexadiene 

i s  accompanied by a negative isotope e f f e c t  . The presence 

of cyclohexadiene a s  a major by-product from benzene i n  the  

present work supports the  proposal t h a t  cyclohexadienyl 

r a d i c a l  intermediates i n  t h e  presence of HTO lead t o  l abe l l ed  

products . The f a c t  t h a t  only 1.4-cyclohexadiene and no 

1,3-isomer i s  detected from the  benzene exchange under the  

cur ren t  experimental conditions i s  cons is ten t  with benzene 

r ad io lys i s  studies’ which show t h a t  the  y i e l d  of t he  1,4-isomer 

i s  a t  l e a s t  t enfo ld  higher than t h e  1,f-material .  

9 

3 

The smaller degree of by-product formation i n  gas phase 

systems c o r r e l a t e s  with the  observation of Garland and 

Rowland” t h a t ,  i n  the  gas phase, cyclohexadienyl r ad ica l s  

formed by the  addition of hot t r i t i u m  atoms t o  benzene tend 

t o  decompose to  benzene, while i n  the  l i q u i d  phase, cyclo- 

hexadienes and Polymeric compounds a r e  formed. The phase 
r e s u l t  i s  a l s o  important s ince  it implies t h a t  solvated 

e lec t rons  are nbt predominantly responsible f o r  the  l abe l l i ng  

reaction. These da ta  a l s o  show t h a t  m u t u a l  s o l u b i l i t y  of 

components i s  not c r i t i c a l  f o r  exchange. 

I n  addi t ion  t o  the  products quoted i n  t h e  Table, up t o  

2% of “polymeric“ spec ies  w e r e  formed with c e r t a i n  compounds. 

These w e r e  i n v o l a t i l e  mater ia l s  with carbon numbers g rea t e r  

than twice t h a t  of t he  parent compounds and w e r e  not i den t i f i ed .  

However, these  pa r t i cu la r  by-products a r e  e a s i l y  removed and 

do not  d e t r a c t  from the usefulness of t he  technique as a 

simple procedure f o r  producing c l e a r l y  l abe l l ed  mater ia l s  of 

pCi/mmole l e v e l s  of spec i f i c  a c t i v i t y .  Current work involves 

the  use of higher spec i f i c  a c t i v i t y  t r i t i u m  oxide sources t o  



Tritium l a b e l l i n g  of hydrocarbons  6 9 9  

increase  the  f l e x i b i l i t y  of the method, e spec ia l ly  wi th  respect 

t o  shortening the  exposure times and determining the  upper l i m i t  

of a t t a i n a b l e  s p e c i f i c  a c t i v i t y  capable of being incorporated 

i n t o  compounds with a minimum of degradation. 
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