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s UMMAXY 
The decay  t e c h n i q u e ,  c u r r e n t l y  a p p l i e d  t o  t h e  s t u d y  of i o n i c  

p r o c e s s e s  i n  g a s e o u s  and l i q u i d  s y s t e m s ,  r e q u i r e s  
m u l t i t r i t i a t e d  p r e c u r s o r s  t o  g e n e r a t e  l a b e l e d  d a u g h t e r  i o n s .  
The p r e p a r a t i o n  of  t h r e e  such  p r e c u r s o r s ,  namely C,j3HxHh-x, 

r i n g - l a b e l e d  p r e c u r s o r s  were o b t a i n e d  from t h e  c y c l i z a t i o n  of  
C 2 3 H 2 ,  and r e s p e c t i v e l y  of  a C23H2/propyne m i x t u r e ,  c a r r i e d  o u t  
a t  25OC o v e r  a K2CrOq-promoted s i l i c a - a l u m i n a  c a t a l y s t .  The 
s i d e - c h a i n  t r i t i a t e d  t o l u e n e  was p r e p a r e d  by a l l o w i n g  3H20 and 
b e n z o t r i c h l o r i d e  t o  r e a c t  o v e r  a Zn m i r r o r  a t  20O0C. D e t a i l s  
of t h e  p r o c e d u r e s  employed f o r  t h e  r a d i o m e t r i c  and t h e  i s o t o p i c  
a n a l y s i s  of t h e  m u l t i l a h e l e d  p r o d u c t s  are r e p o r t e d .  

c 6  3 HxH5-xCH3, and C6H5C3HXA3-, i s  d e s c r i b e d .  The 

INTRODUCTION 

The decay  t e c h n i q u e ,  which e x p l o i t s  t h e  R d e c a y  of  c o v a l e n t l y  bound 3H a toms 

t o  g e n e r a t e  o r g a n i c  c a t i o n s ,  is c u r r e n t l y  a p p l i e d  t o  s t u d y  t h e  s t r u c t u r e  and t h e  

r e a c t i v i t y  of  i o n i c  s p e c i e s  i n  g a s e o u s  and condensed s y s t e m s  ( 1 - 4 ) .  

A demanding e x p e r i m e n t a l  r e q u i r e m e n t  of  t h e  decay  t e c h n i q u e  i s  t h e  p r e l i m i n a r y  

p r e p a r a t i o n  of s u i t a b l e  m u l t i t r i t i a t e d  p r e c u r s o r s ,  namely l a b e l e d  s p e c i e s  

c o n t a i n i n g  two o r  more 3H a toms i n  t h e  same m o l e c u l e .  

d i f f i c u l t i e s ,  a number of  such  p r e c u r s o r s  h a s  been s u c c e s s f u l l y  s y n t h e s i z e d ,  

i n c l u d i n g  m e t h a r ~ e - ~ H q  (5-10) ,  e thane-1  ,2-3H2 (ll), p r ~ p a n e - ~ H ,  ( 1 2 ) ,  

~ r o p a n e - l , 2 - ~ H 2  ( 1 3 ) ,  c y c l ~ b u t a n e - ~ H ,  ( 1 4 ) ,  ~ y c l o p e n t a n e - l , 2 - ~ H 2  ( 1 5 ) ,  

b e n ~ e n e - ~ 1 1 6  ( 1 6 ) ,  benzene-1 ,4-3H2 ( 1 7 ) ,  m e t h ~ l - ~ H 3  bromide ,  and 

methyl-3A3-alcohol  ( 1 8 ) .  

D e s p i t e  c o n s i d e r a b l e  

The p r e s e n t  paper  d e s c r i b e s  t h e  p r e p a r a t i o n  of t h r e e  m u l t i t r i t i a t e d  a r e n e s ,  

C63[lxH6-x, C63HxH~-xCl~3, and C6B5C3HxH3-x, r e q u i r e d  a s  p r e c u r s o r s  f o r  t h e  

s t u d y  of a r o m a t i c  c a t i o n s  by t h e  decay  t e c h n i q u e .  Wo s y n t h e t i c  a p p r o a c h e s  t o  t h e  

two m u l t i l a b e l e d  t o l u e n e s  have  been p r e v i o u s l y  r e p o r t e d .  While  a p r e p a r a t i o n  of  
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m u l t i l a b e l e d  benzene has  been desc r ibed  ( 1 6 ) ,  it however w a s  not e n t i r e l y  

s a t i s f a c t o r y  f o r  o u r  s t u d i e s .  

EXPERIMENTAL SECTION 

P r e p a r a t i o n  of 3H20. 

acco rd ing  t o  a w e l l - e s t a b l i s h e d  procedure  by o x i d a t i o n  of 382 g a s  over  CuO a t  

450 - 48OOC. 

thoroughly  outgassed  and s t o r e d  i n  pyrex tubes  equipped wi th  a break-sea l  t i p  and 

con ta ined  from 0.15 t o  0.30 mmol 3H20, co r re spond ing  t o  ca .  10 t o  20 C i .  

samples were used i n  t h e  subsequent  s t e p s  desc r ibed  below. 

The r equ i r ed  m u l t i c u r i e  samples of 3H20 were prepared  

A f t e r  a r e a c t i o n  pe r iod  o f  5 t o  6 hour s ,  t h e  3H20 formed was 

These 

The T r i m e r i z a t i o n  C a t a l y s t .  The t r i m e r i z a t i o n  of t h e  a lkynes  was promoted by a 

t y p e  KC P e r k a t o r  D1 c a t a l y s t  from Kali-Chemie, Hannover, West Germany, and 

c o n s i s t e d  of 2-mm d iame te r  s i l i ca -a lumina  p e l l e t s ,  a c t i v a t e d  wi th  R2CrO4 

(0.2% w/w). I n  o r d e r  t o  a c t i v a t e  t h e  c a t a l y s t  by removing t r a c e s  of humidi ty ,  

ca. 100 mg p e l l e t s  were hea ted  a t  40O0C f o r  one hour under vacuum w i t h i n  a 

break-sea l  t i pped  pyrex  v i a l ,  which was then  s e a l e d  o f f .  Af t e r  t h e  

t r i m e r i z a t i o n ,  t h e  c a t a l y s t  could  be r e a c t i v a t e d  by h e a t i n g  f o r  1 h a t  550 - 600° 

i n  a n  02 stream. 

P r e p a r a t i o n  of Cz*H2 (*H = 2 H ,  3H). 

pyrex a p p a r a t u s  shown i n  F igu re  1, fo l lowing  b lank  runs  c a r r i e d  o u t  w i t h  

d e u t e r a t e d  water. 

t h e  s i d e  arm @ of  t h e  a p p a r a t u s ,  t h a t  was subsequen t ly  c a r e f u l l y  outgassed  a t  

h igh  tempera ture  under vacuum, then  c losed  wi th  s topcock  @ and t r a n s f e r r e d  i n t o  

a g love  box f lu shed  wi th  d r y  a rgon .  

T r i t i a t e d  a c e t y l e n e  w a s  p repared  i n  t h e  

V i a l  0, c o n t a i n i n g  0 .20  t o  0.30 m i n o l  *H20 w a s  s e a l e d  t o  

Working w i t h i n  t h e  g love  box, a n  e x c e s s  ( c a .  3 mmol) of Li2C2 w a s  i n t roduced  

i n t o  @ 0. The a p p a r a t u s  w a s  then  connected j o i n t  @ t o  a vacuum 

l i n e ,  thoroughly  ou tgassed  and s e a l e d  o f f  a t  c o n s t r i c t i o n  @. 

Breaking t h e  f r a g i l e  seal wi th  t h e  g l a s s  hammer 0, allowed *H20 t o  d i f f u s e  

i n t o  0 t o  react wi th  Li2C2 ( 150°C, 30 minu tes ) .  The C2*H2 formed was 
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condensed i n t o  t h e  co ld  f i n g e r  0, kep t  at -196OC, t r a p p i n g  any r e s i d u a l  *H20 

and o t h e r  condensable  byproducts  i n  0, mainta ined  a t  -63OC wi th  a d r y  

ice-ch loroform s l u r r y .  

which w a s  s e a l e d  o f f  a t  c o n s t r i c t i o n  @. 
b lank  runs  was 80 f 5%, and i t s  i s o t o p i c  composi t ion ,  measured by mass 

spec t romet ry ,  was Cz2H2 : Cz2HH : C2H2 = 32 : 42 : 26. 

o f  C23H2, t h e  a lkyne  must be  prepared  immediately be fo re  i t s  t r i m e r i z a t i o n  t o  

The p u r i f i e d  C2*H2 was e v e n t u a l l y  condensed i n t o  @, 

The y i e l d s  of C22H2 ob ta ined  i n  t h e  

In  t h e  a c t u a l  p r e p a r a t i o n  

reduce  i t s  s e l f  r a d i o l y t i c  po lymer i za t ion .  

P r e p a r a t i o n  of C6*Hg. 

t h e  c a t a l y s t ,  were r a p i d l y  s e a l e d  t o  t h e  s i d e  arms of t h e  pyrex appa ra tus  shown 

i n  F igu re  2 ,  ou tgassed  under vacuum v i a  j o i n t  0 ,  t hen  s e a l e d  o f f  a t  

c o n s t r i c t i o n  0 .  
hammer 0 a l lowed t h e  a lkyne  t o  d i f f u s e  onto t h e  c a t a l y s t  and t o  react a t  25OC 

f o r  30 minutes.  The r e a c t i o n  p roduc t s  were then  desorbed by h e a t i n g  t h e  c a t a l y s t  

(10 minutes  a t  225OC) and condensed i n t o  t h e  tube  0 ,  which was s e a l e d  o f f  a t  

c o n s t r i c t i o n  0.  

Vials @ and @ , c o n t a i n i n g  r e s p e c t i v e l y  C2*H2 and 

Breaking t h e  f r a g i l e  seals @ and @ wi th  the  g l a s s  

I n  o r d e r  t o  reduce  t h e  e x t e n t  of i ts  s e l f - r a d i o l y t i c  decomposi t ion ,  t r i t i a t e d  

benzene w a s  d i l u t e d  wi th  a 250-fold excess  of c62Hg c a r r i e r .  

P r e p a r a t i o n  of C6*H5CH3. 

was fo l lowed,  u s i n g  a propyne: C2*H2 = 1:lO mix tu re ,  w i th in  t h e  appa ra tus  shown 

in Figure  3 ,  similar t o  t h e  one used f o r  t h e  p r e p a r a t i o n  of a c e t y l e n e ,  except  f o r  

t h e  presence  of t h e  a d d i t i o n a l  r e s e r v o i r  @ c o n t a i n i n g  t h e  r equ i r ed  amount of  

propyne. The c rude  product  from t h e  t r i m e r i z a t i o n  of t h e  a lkyne  mixture  was 

e v e n t u a l l y  d i l u t e d  wi th  c a .  1 m l  of C(j2H(j c a r r i e r .  

The same procedure desc r ibed  i n  t h e  prev ious  s e c t i o n  

P r e p a r a t i o n  of CgHgC"H3. 

s i d e  arm @ was s e a l e d  t o  v i a l  @, c o n t a i n i n g  ca .  0.15 mmol "H20. 

20 mg of f i n e l y  d iv ided  Zn were in t roduced  i n t o  the  s i d e  arm @ , and s e a l e d .  

f r a g i l e  c a p i l l a r y  tube ,  c o n t a i n i n g  9 mg of b e n z o t r i c h l o r i d e ,  w a s  p laced  i n  

The a p p a r a t u s  used is shown i n  F igu re  4 ,  whose open 

About 

A 
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s e c t i o n  @ of t h e  a p p a r a t u s .  

j o i n t  0 ,  and s e a l e d  o f f  a t  c o n s t r i c t i o n  0 .  A Zn m i r r o r  was subsequen t ly  

formed on to  t h e  co ld  w a l l s  of t h e  a p p a r a t u s  by h e a t i n g  arm @ whi le  keeping  

f i n g e r  @ a t  -196OC. Breaking t h e  f r a g i l e  seal  of @ wi th  t h e  hammer @ 
allowed *H20 t o  d i f f u s e  onto  the  Zn m i r r o r .  

c a p i l l a r y  tube  i n  @ was broken wi th  hammer @ and b e n z o t r i c h l o r i d e  condensed 

on to  t h e  Zn mi r ro r .  The whole a p p a r a t u s  w a s  t hen  hea ted  a t  200°C f o r  1 hour.  

The c rude  t r i t i a t e d  product  was e v e n t u a l l y  d i l u t e d  wi th  ca .  1 m l  of Cb2H6 

c a r r i e r .  

The l a t t e r  was evacuated  and ou tgassed  

Immediately a f t e r w a r d s  the  

Ana lys i s  of P roduc t s .  The p roduc t s  from t h e  blank runs  c a r r i e d  o u t  w i t h  

d e u t e r a t e d  water  were ana lyzed  by g l c ,  u s i n g  a Sigma 1 ns t rument  from 

Perkin-Elmer Co., equipped wi th  a FID u n i t  and a 6-m l o n g ,  3 .1 -w  i . d .  g l a s s  

column packed wi th  20% 5 , 1 ' - o x y d i p r o p i o n i t r i l e  on 60-80 mesh Chromosorb W, 

ope ra t ed  a t  50OC. The i s o t o p i c  composi t ion  of t h e  d e u t e r a t e d  p roduc t s  was 

de te rmined  wi th  a Model RMU 6 Hi t ach i -Pe rk in  E l m e r  mass s p e c t r o m e t e r .  

The t r i t i a t e d  p roduc t s  were ana lyzed  by r a d i o  g l c ,  u s ing  a model C 

chromatograph from C .  Erba Co., on a 2.5-m long ,  41nm i . d .  s t a i n l e s s  s teel  

column, packed wt th  80-100 mesh Porapak Q,  ope ra t ed  a t  190°C. The e f f l u e n t s  

d i l u t e d  wi th  CH4 a t  a 1:l r a t i o ,  were in t roduced  i n t o  a hea ted  f low i o n i z a t i o n  

chamber, whose c u r r e n t  was measured wi th  a Cary model 401 v i b r a t i n g - r e e d  

e l e c t r o m e t e r  . 

P u r i f i c a t i o n  o f  t h e  Crude P roduc t s .  Fol lowing  a d d i t i o n  of t h e  a p p r o p r i a t e  

i n a c t i v e  carriers,  t h e  c rude  r e a c t i o n  p roduc t s  were s e p a r a t e d  and p u r i f i e d  by 

p r e p a r a t i v e  g l c  on t h e  fo l lowing  columns: i- a 4 3  long s t a i n l e s s  s t e e l  column 

packed wi th  SF 96 s i l i c o n e  o i l  on 60-50 mesh Chromosorb-W DMCS, ope ra t ed  wi th  a 

l i n e a r  tempera ture  program r i s i n g  at  1 5 O C  min-l from 80° t o  250°, and ii- a 5-m 

long  s t a i n l e s s  s t e e l  column, packed wi th  12% Apiezon L g r e a s e  on 60-80 mesh 

Chromosorb-W DMCS, a t  20OoC. The p u r i f i c a t i o n  w a s  r epea ted  u n t i l  t h e  s p e c i f i c  

a c t i v i t y  of t he  recovered  sample,  measured i n  a Packard Tr i -Carb  460 CD 
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scintillation spectrometer, reached a constant value. The radiochemical purity 

of the final specimens was further checked by radio glc using the same columns. 

The isotopic composition of the multilabeled benzene and toluenes after the 

above-descrlbed purification procedures was inferred from the overall activity of 

t h e  biphenyl, or the isomeric methyl-substituted biphenyls, formed from the decay 

of bet~zene-~H~ and t o l ~ e n e - ~ H ~  respectively after a 3-months storage period. 

The distribution of the 3H atoms within multitritiated toluenes was determined 

from the substitution scheme, by measuring the decrease of the molar activity in 

AICI,-EtNO;( 

or HMO3 - H2SO4 

I NO2 
SOZCI2 

PhCOOOH 

C H2CI COOH COOMe COOMe 
KMn04 

! 
DMSO 

the  substituted products. The isolation and purification of the latter was 

obtained using the following columns: i- a 5-m long, stainless steel column, 

packed with 20% E 301 silicone oil: Benntone 34 1:1 mixture on Chromosorb W, 

6 0 / 8 0  mesh, operated at 13OOC for the separation of isomeric nitrotoluenes, and, 

ii- a 4-m long, stainless steel column packed with 20% E 301 silicone oil on 

Chromosorb W, 60f80  mesh, operated at 14OOC for the separation of benzyl 

chloride, methyl benzoate and methyl =-bromobenzoate. 

RESULTS AND D I S C U S S I O N  

The preparative reactions employed, the percent composition of the labeled 

products formed, and the absolute yields of the products are summarized in 

Table 1. 
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Labeled Benzene. 

( c a .  30%) r epor t ed  by Nefedov e t  a l .  (16) based on an approximate  estimate. 

The y i e l d  of b e n ~ e n e - ~ H ,  ( 4 7 % )  compares w e l l  w i th  t h a t  

The inc reased  y i e l d s  undoubtedly arise from t h e  much s h o r t e r  r e a c t i o n  time 

t h a t  c h a r a c t e r i z e s  t h e  p r e s e n t  p r e p a r a t i o n  ( l e s s  t han  one hour o v e r a l l )  which 

s u b s t a n t i a l l y  reduces  t h e  s e l f  i r r a d i a t i o n  of a c e t y l e n e ,  and consequen t ly  i t s  

r a d i o l y t i c  po lymer i za t ion .  

In f a c t ,  under t h e  c o n d i t i o n s  of r e f .  1 6 ,  namely 5 C i  s t a r t i n g  a c t i v i t y ,  9 

hours  r e q u i r e d  f o r  t h e  fo rma t ion  of a c e t y l e n e ,  and 48 hours  f o r  i t s  

t r i m e r i z a t i o n ,  a c o n s i d e r a b l e  f r a c t i o n  of t he  a lkyne  is consumed by i t s  

s e l f - r a d i o l y t i c  po lymer i za t ion  t o  cuprene ,  as sugges ted  by t h e  r e s u l t s  of a c rude  

c a l c u l a t i o n  based on t h e  known (19,20) G (-C2H2) va lue  of 71.9.  

The same c a l c u l a t i o n  l e a d s  t o  t h e  r a t h e r  pa radox ica l  conc lus ion  t h a t  much or 

t h e  t r i t i a t e d  benzene i s o l a t e d  under t h e  above expe r imen ta l  c o n d i t i o n s  arises 

from spontaneous  r a d i o l y t i c  p r o c e s s e s ,  r a t h e r  than  from t h e  in t ended  c a t a l y t i c  

t r i m e r i z a t i o n .  Indeed, conve r s ion  of a c e t y l e n e  t o  benzene is known t o  accompany, 

as a secondary  p rocess  wi th  a lower y i e l d ,  G(KsH6) = 5.1, t h e  r ad ia t ion - induced  

po lymer i za t ion  of C2H2 t o  cuprene .  

The i s o t o p i c  composi t ion  of d e u t e r a t e d  benzene, C62HxHg-x, from t h e  b lank  

r u n s ,  as de termined  by mass spec t romet ry ,  was found t o  cor respond q u i t e  c l o s e l y  

t o  t h a t  c a l c u l a t e d ,  assuming t h e  absence  of i s o t o p e  e f f e c t s ,  from the  known 

i s o t o p i c  composi t ion  of t h e  s t a r t i n g  d e u t e r a t e d  a c e t y l e n e .  

Use o f  m u l t i t r i t i a t e d  benzene, C63H,H6-x, a s  a p recu r so r  i n  t h e  decay 

expe r imen t s ,  does  n o t  r e q u i r e  a d e t a i l e d  knowledge of i t s  i s o t o p i c  composi t ion ,  

p rovided  t h a t  x >/ 2. 

In o r d e r  t o  v e r i f y  whether t h i s  c o n d i t i o n  w a s  s a t i s f i e d ,  a decay  experiment 

was under taken  i n  which a ve ry  d i l u t e  s o l u t i o n  of C63HxH&x i n  Cb2Hg (1.0 m C i ,  

0.30 m C i  m01-~) w a s  allowed t o  s t and  i n  t h e  da rk  a t  room tempera tu re  f o r  3 

months. The a c t i v i t y  o f  b ipheny l  from t h e  decay promoted r e a c t i o n  sequence 

cor responded ve ry  c l o s e l y  ( 1 2 . 3  f 0 . 3  u C i  v e r s u s  11 .7  f 0 . 3  uCi) t o  the  v a l u e  
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c a l c u l a t e d  assuming t h a t  t h e  s t a r t i n g  C63HxH6-x sample con ta ined  no 

m o n o t r i t i a t e d  benzene. 

T r i t i a t e d  Toluenes.  The g e n e r a l  va lue  o f  t h e  s y n t h e t i c  approach  based on t h e  

c y c l i z a t i o n  of a lkynes  is demonst ra ted  by t h e  p r e p a r a t i o n  of r i n g - t r i t i a t e d  

to luene .  

t han  10 mol % C3H4 over  t h e  t r i m e r i z a t i o n  c a t a l y s t  gave both  benzene and to luene  

(Tab le  1). Higher c o n c e n t r a t i o n s  of propyne a r e  u n d e s i r a b l e ,  i n  t h a t  i n c r e a s i n g  

amounts of xy lenes  are formed. Mass s p e c t r o m e t r i c  a n a l y s i s  of t h e  i s o t o p i c  

composi t ion  of t h e  C6211xH5-xCH3 samples from t h e  b lank  runs  r evea led  t h a t  x 

v a l u e s  peaked around 3 ,  wh i l e  an a p p r e c i a b l e  ( c a .  10%) f r a c t i o n  of t o l u e n e  

con ta ined  more than  t h e  f o u r  3H atoms allowed by t h e  s t o i c h i o m e t r y  of t h e  

c y c l i z a t i o n .  

It w a s  found t h a t  c y c l i z a t i o n  o f  a C2H2/propyne mix tu re  c o n t a i n i n g  less 

Th i s  f i n d i n g  p o i n t s  t o  t h e  occur rence  of i s o t o p i c  exchange p rocesses  over  t he  

c a t a l y s t ,  which i n  t u r n  could l e a d  t o  i s o t o p i c  mixing w i t h i n  t h e  molecule of 

l a b e l e d  to luene .  

w i t h i n  m u l t i l a b e l e d  t o l u e n e  was de termined  by a degrada t ion  procedure .  The 

r e s u l t s ,  compared t o  t h e  d i s t r i b u t i o n  expec ted  i n  t h e  absence o f  3H r e s h u f f l i n g ,  

- i . e .  methyl group = 0% (O%), ortho p o s i t i o n s  = 31% (25%),  meta p o s i t i o n s  = 53% 

(50%) ,  para p o s i t i o n  = 16% (25%) show t h a t  i s o t o p i c  scrambl ing  does indeed occur ,  

i f  t o  a r a t h e r  l i m i t e d  e x t e n t .  The methyl group is  not  a f f e c t e d  a t  a l l ,  whereas 

most of t he  3H l o s s  i n v o l v e  a p p a r e n t l y  t h e  para p o s i t i o n .  

In o r d e r  t o  v e r i f y  t h i s  p o s s i b i l i t y ,  t h e  d i s t r i b u t i o n  of 3~~ 

In  p r i n c i p l e ,  t h e  p r e p a r a t i o n  of t h e  s ide-cha in  m u l t i l a b e l e d  t o l u e n e  could be 

c a r r i e d  o u t  u s ing  r e a c t i o n  (2 ) .  

However, c o n s i d e r a b l e  d i f f i c u l t i e s  are encountered  i n  t h e  p re l imina ry  

p r e p a r a t i o n  of t he  r e q u i r e d  methyl-3H-propyne. 

m u l t i t r i t i a t e d  to luene  was prepared  acco rd ing  t o  a d i f f e r e n t  procedure ,  based 

on t h e  deha logena t ion  o f  b e n z o t r i c h l o r i d e  wi th  t r i t i a t e d  water. Th i s  r e p r e s e n t s  

an  a d a p t a t i o n  o f  t h e  method d e s c r i b e d  by Leblank, Morse and L e i t c h  (21)  f o r  t h e  

Consequent ly ,  t h e  s ide-cha in  
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p r e p a r a t i o n  o f  d e u t e r a t e d  a l k a n e s .  The z i n c  d u s t  o r i g i n a l l y  employed by t h e s e  

a u t h o r s  i s  n o t  s u i t a b l e  i n  t h e  p r e p a r a t i o n  o f  311-labeled t o l u e n e  on a m i c r o  

s c a l e .  The r e l a t i v e l y  h i g h  c o n t e n t  o f  H20, l i g h t  hydrogen  e t c .  c a u s e s  a d i l u t i o n  

o f  t h e  3H, and t h e  f o r m a t i o n  o f  p a r t i a l l y  t r i t i a t e d  s p e c i e s .  

drawback is s u b s t a n t i a l l y  reduced  i f  Zn is  e v a p o r a t e d  under  vacuum on t h e  c l e a n  

w a l l s  of  a p y r e x  r e a c t i o n  t u b e  t o  produce  a m i r r o r ,  a p r o c e d u r e  t h a t  e l i m i n a t e s  

Q O S ~  o€  t h e  unwanted h y d r o g e n a t e d  i m p u r i t i e s .  

However, such  a 

It was €ound t h a t  r e a c t i o n  o f  21120 w i t h  b e n z o t r i c h l o r i d e  o v e r  a c l e a n  Zn 

m i r r o r  g i v e s  m e t h y l - d e u t e r a t e d  t o l u e n e ,  t o g e t h e r  w i t h  d e u t e r a t e d  benzene .  The 

mass s p e c t r o m e t r i c  a n a l y s i s  o f  t h e  p r o d u c t  showed t h a t  an a p p r e c i a b l e  f r a c t i o n  

( 1 7 . 5 % )  o f  t h e  t o l u e n e  m o l e c u l e s  c o n t a i n s  

s t o i c h i o m e t r y  o f  t h e  d e h a l o g e n a t i o n  p r o c e s s  

t h a n  t h e  3 2H a toms a l l o w e d  by t h e  

CgHgCC13 + 3 21120 + 3 Z n L  C6HgC2H3 + 3 2 H C 1  + 3 ZnO ( 3 )  

T h i s  must be  t r a c e d  t o  t h e  o c c u r r e n c e  o f  i s o t o p i c  exchange  p r o c e s s e s  and shows 

t h a t  t h e  r i n g  p o s i t l o n s  must c o n t a i n  some d e u t e r i u m .  In f a c t ,  d e g r a d a t i o n  o f  t h e  

p u r i f i e d  t o l ~ e n e - ~ H  f rom r e a c t i o n  (3)  gave  t h e  f o l l o w i n g  d i s t r i b u t i o n  o f  t h e  3H 

a c t i v i t y : =  p o s i t i o n s  = 83%, ortho p o s i t i o n s  = 0%, meta p o s i t i o n s  = 4%,  para 

p o s i t i o n  = 13%. 

S i n c e  t h e  p lanned  a p p l i c a t i o n  of t h e  p r o d u c t  as a p r e c u r s o r  i n  d e c a y  

e x p e r i m e n t s  r e q u i r e d  t h a t  no a c t i v i t y  was c o n t a i n e d  w i t h i n  t h e  r i n g ,  t h e  

m u l t i t r i t i a t e d  t o l u e n e ,  f o l l o w i n g  t h e  p u r i f i c a t i o n  p r o c e d u r e ,  was a l l o w e d  t o  

r e p e a t e d l y  exchange  a t  room t e m p e r a t u r e  w i t h  a l a r g e  e x c e s s  o f  7 M p e r c h l o r i c  

a c i d .  The a c i d - c a t a l y z e d  i s o t o p e  exchange  e f f e c t i v e l y  removed a n y  t r i t i u m  from 

t h e  r i n g  p o s i t i o n s ,  w i t h o u t  a f f e c t i n g  a t  a l l  t h e  3H c o n t e n t  of t h e  m e t h y l  group.  

F o l l o w i n g  t h e  above  p r o c e d u r e ,  c a .  92  m C i  of  C6HgC3HxH3-x were o b t a i n e d  from 

115 m C i  of t h e  p u r i f i e d  t r i t i a t e d  t o l u e n e  sample .  

A s  f o r  C63HxHg-x, d e c a y  e x p e r i m e n t s  of  i n d i v i d u a l  samples  of  t r i t i a t e d  

tO1ueneS (1.0 mci, 0.30 m C i  mmol-l) i n  Cfj2Hg ( 3  months)  l e a d  to f o r m a t i o n  of t h e  

c o r r e s p o n d i n g  i s o m e r i c  b i p h e n y l s  and d i p h e n y l  methane ,  r e s p e c t i v e l y ,  a t  

a c t i v i t i e s  d e m o n s t r a t i n g  t h a t  most o f  t h e  t o l u e n e  p r e c u r s o r  m o l e c u l e s  ( >  80%) 

c o n t a i n  more t h a n  t w o  t r i t i u m  a toms.  
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A f i n a l  c o n s i d e r a t i o n  conce rns  t h e  a b s o l u t e  y i e l d s  of m u l t i t r i t i a t e d  p roduc t s  

which a p p e a r ,  i n  g e n e r a l ,  lower t h a n  t h o s e  from d e u t e r a t e d  r e a g e n t s  measured in 

t h e  b l ank  runs .  The d i s c r e p a n c y  can  be t r a c e d  e i t h e r  t o  an incomple te  conve r s ion  

o f  3H2 t o  3H20, o r  t o  a p a r t i a l  s e l f - r a d i o l y t i c  decomposi t ion  of t h e  l a t t e r  back 

t o  3 H 2 ,  which would cause  t h e  t r i t i a t e d  a c e t y l e n e  t o  c o n t a i n  less 3H a c t i v i t y  

t h a n  c a l c u l a t e d .  
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