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SUMMARY 

I n c o r p o r a t i o n  o f  t r i t i u m  i n t o  s e l e c t e d  p o l a r  s o l v e n t s  was 

s t u d i e d  i n  t h e  presence  of b a s e s  and  b u f f e r i n g  s u b s t a n c e s .  

T r i t i u m  gas  was used as a t r i t i u m  source  and  t h e  r e a c t i o n  was 

c a t a l y z e d  by PdO, Pd/BaSOq, Raney n i c k e l .  

Key Words: Tritium gas, heterogeneous catalysts, incorporation 
into solvents. 

INTRODUCTION 

Incorporation of tritium into solvents under the action of 

heterogeneous catalysts is a side-reaction during catalytic hydro- 

genation and dehalogenation of organic compounds by tritium gas. 

The radioactivity losses occurring with less polar solvents have 

already been investigated’. The present study aims at extending 

the data to solvents, bases and catalysts used most frequently in 

catalytic dehalogenation. Experimental conditions were adjusted so 

that the data obtained could be without any modification applied 

to the practical preparations of tritiated compounds. We studied 

the incorporation of tritium into dimethylacetamide, ethyl acetate, 

methanol and water in combinations with bases /sodium acetate, 

ammonia, potassium hydroxide, triethylamine/ and buffering salts 
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/ammonium c a r b o n a t e ,  sodium t e t r a b o r a t e ,  phosphates / .  The c a t a l y s t s  

used i n c l u d e d  Pd/BaS04, PdO, Raney n i c k e l .  

EXPERIMENTAL 

a/  Exper imenta l  p rocedure , sample  c o l l e c t i o n  and measurements were 

performed as d e s c r i b e d  ear l ier ' .  The volume of s o l v e n t s  or m i x t u r e s  

w a s  1 m l .  The p r e s s u r e  i n  t h e  t r i t i a t i o n  a p p a r a t u s  was k e p t  i n  a l l  

cases a t  600 T o r r ;  d u r i n g  t h e  f i r s t  30 min of  exper iment  a s l i g h t  

p r e s s u r e  d r o p  was observed  caused by t h e  s o r p t i o n  of 3H2 on t h e  

c a t a l y s t .  The volume of gaseous  t r i t i u m  above t h e  r e a c t i o n  m i x t u r e  

w a s  about  2 . 2  m l .  

b/ Experiments  were performed w i t h  gaseous  t r i t i u m  t h a t  had 30-35%, 

45-508, 95-100% of t h e  c a r r i e r - f r e e  r a d i o a c t i v i t y .  The s p e c i f i c  r a d i o -  

a c t i v i t y  of t h e  g a s  w a s  measured and moni tored  u s i n g  an  i o n i z a t i o n  

ch  mber.  

c /  The s o l v e n t s  and b a s e s  under  s t u d y  w e r e  c a r e f u l l y  p u r i f i e d  

and d r i e d ;  t h e i r  p u r i t y  w a s  checked by GLC. A l l  aqueous s o l u t i o n s  

w e r e  p repared  from d o u b l y - d i s t i l l e d  water. 

d /  The amount of Pd/BaS04 / lo%/  w a s  2 0  mg p e r  exper iment ,  t h a t  

o f  PdO was 5 mg p e r  exper iment .  The l a t t e r  compound w a s  reduced w i t h  

hydrogen i n  d i o x a n ,  t h e  s o l v e n t  and t h e  evolved  water w e r e  removed by 

l y o p h i l i z a t i o n  and a m i x t u r e  of s o l v e n t  and b a s e  w a s  added i n  an i n e r t  

a tmosphere.  Raney n i c k e l  / a c t i v i t y  W4/ w a s  p r e p a r e d L  f r e s h l y  b e f o r e  

each  experiment  f r o m  2 0  mg a l l o y .  Before  it w a s  used i n  methanol  

s o l u t i o n s ,  t h e  s u b s t a n c e  was washed w i t h  5 x 0.5 m l  a b s o l u t e  methanol .  
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RESULTS AND DISCUSSION 

The values of incorporation of 3H2 into the solvent-base mixture 

at different time intervals are summarized in Tables I and 11. 

TABLE I 

Catalyst 

Pd/BaS04 

PdO 

Raney 
nickel 

3 50 '% H, 

Solvent - Base 

H20 - KOH 0.25 M 

H20 - NH40H 0.5 M 

MeOH-KOH 0.25 M 

MeOH-Et3N 0.15 M 

MeOH 

H20-KOH 0.25 M 

H20-NH40H 0.5 M 

MeOH-KOH 0.25 M 

MeOH-Et3N 0.15 M 

H20-KOH 0.25 M 

H20-NH40H 0.5 M 

MeOH-KOH 0.25 M 

MeOH-Et3N 0.15 M 

MeOH-MeONa 0.25 M 

Incorporation (mci) 

l h  

92 

124 

68 

48 

93 - 
308 

346 

3 20 

366 

a4 

37 

6 70 

852 

701 

2 h  - 
100 

126 

79 

59 

120 

380 

435 

415 

511 

140 

66 

9 50 

237 

111 

- 

- 

3 h  

116 

133 

110 

77 

140 

447 

544 

447 

725 

208 

100 

.060 

637 

381 

A 

(mc i) 

79 

119 

44 

32 

71 

239 

244 

267 

115 

20 

5 

503 

430 

384 

B 

(mCi/h) 

12 

4 

21 

15 

23 

69 

99 

63 

180 

62 

31 

19 5 

402 

340 

As with the previous results' the resulting dependence became about 

linear after approximately 1 h /cf. Figure/. 
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Ext rapo la t ion  of t h i s  l i n e a r  segment t o  t h e  zero  t i m e  - value  

A - corresponds approximately t o  t h e  r a d i o a c t i v i t y  of water  reduced 

r a p i d l y  from t h e  c a t a l y s t  . The va lue  of A f l u c t u a t e s  cons iderably  

depending on t h e  amount and type  of c a t a l y s t  and i s  t h u s  u n s u i t a b l e  

f o r  a s ses s ing  t h e  a c t u a l  exehange i n t o  t h e  so lven t .  The va lue  B ,  

i . e .  t h e  s lope  of t h e  l i n e a r  segment, corresponds t o  t h e  incorpo-  

r a t i o n  of r a d i o a c t i v i t y  i n  1 h and i n c l u d e s  g e n e r a l l y  t h e  sum of 

a c t u a l  exchange r e a c t i o n  i n t o  t h e  s o l v e n t  /El and t h e  r a d i o a c t i v i t y  

of water  reduced a t  l a t e r  s t a g e s  /s lowly/  from t h e  c a t a l y s t  / R / ;  

hence B * E + R.  The a c t u a l  va lue  of E and R ,  a s  w e l l  a s  A ,  may be 

determined i n  some s o l v e n t s  / e .g . ,  e t h y l  a c e t a t e ,  dimethylacetamide/  

by t rapping  t h e  t r i t i a t e d  w a t e r  a f t e r  t h e  experiment  i n  a molecular  

s i e v e  3 A .  

Pd/BaS04 : The va lues  of B f o r  t h i s  c a t a l y s t  a r e  very  low i n  a lmost  

a l l  experiments .  I n  dirnethylacetamide, e t h y l  a c e t a t e  and t h e  mixture  

dimethylacetamide-sodium a c e t a t e  g c! g,  s i n c e  t r ea tmen t  wi th  3 A  

molecular  s i e v e  reduced t h e  s o l v e n t  r a d i o a c t i v i t y  t o  zero .  Comparison 

of t h e  va lues  of g i n  t h e s e  s o l v e n t s  /Table 11/ wi th  t h e  d a t a  for 

Pd/BaS04 /Table I /  imp l i e s  t h a t  n e i t h e r  aqueous nor methanol ic  

s o l u t i o n s  of bases  exchange tritium, i . e .  = E. Except ions inc lude  

e t h y l  a c e t a t e  and dimethylacetamide i n  a mixture  wi th  t r i e thy lamine .  

1 

A s  i nd ica t ed  by t h e  h igh  va lues  of r a d i o a c t i v i t y  i n  t h e  mixture  

a f t e r  t h e  molecular  s i e v e  t r ea tmen t ,  an a c t u a l  exchange r e a c t i o n  

t akes  p l ace  i n  these  mixtures .  I n  a d d i t i o n ,  h igh  va lues  of a t t e s t  

t o  an ex tens ive  r educ t ion  of w a t e r  from t h e  c a t a l y s t .  I t  w a s  necessary  

t o  a s c e r t a i n  whether t r i e thy lamine  does n o t  c o n t a i n  reducing 

i m p u r i t i e s  which could i n c r e a s e  spu r ious ly  both 5 and g.  For t h i s  

reason ,  an experiment was performed i n  which a mixture  of e t h y l  

a c e t a t e  + t r i e thy lamine  + 3H 

another  p o r t i o n  of t h e  e t h y l  ace t a t e - t r i e thy lamine  mixture  was 

was s t i r r e d  f o r  9 0  min and then  2 
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TABLE I1 

I I I 

7 2 [Hrsl 

Incorporation of 3H2 into H20-KOH (0.25 PI), PdO,  5 0 %  3H2. 
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i n j e c t e d  i n t o  t h e  r e a c t i o n  v e s s e l .  N o  change was observed i n  t h e  

l i n e a r  p a r t  of t h e  inco rpora t ion  curve .  

- PdO: The va lues  of A and B a r e  h igher  a s  compared wi th  Pd/BaS04. 

According t o  t h e  r e s u l t s  obtained wi th  nonpolar s o l v e n t s 3  , t h i s  

i nc rease  i s  probably due t o  water  reduced from t h e  c a t a l y s t ,  i . e .  

B = R.  

Raney N i :  A cons ide rab le  amount of hydrogen bound t o  t h e  c a t a l y s t  /re- 

maining t h e r e  from t h e  p repa ra t ion  of t h e  c a t a l y s t /  d i l u t e s  mark- 

ed ly  t h e  gaseous tritium dur ing  t h e  experiment .  The course  and 

equi l ibr ium of p e r t i n e n t  r e a c t i o n  a r e  v e r y  d i f f i c u l t  t o  a s s e s s .  

The very  low va lues  of fi i n  aqueous bases  and t h e  low va lue  of 

imply t h a t  no r educ t ion  of water  from Raney N i  t a k e s  p l ace .  

Consequently,  i n  all mixtures  under s tudy ,  €3 - * E .  I n  c o n t r a s t  t o  

aqueous bases ,  t h e  va lues  of i n  methanol ic  bases  a r e  markedly 

h igher .  This  p o i n t s  t o  a cons ide rab le  exchange of tritium i n t o  

methanol.  The d i l u t i o n  of t h e  gaseous t r i t i u m  wi th  t h e  hydrogen from 

t h e  c a t a l y s t  and t h e  s o l v e n t  causes  a bend on t h e  l i n e a r  dependence 

of i nco rpora t ion  and, hence,  a high va lue  of fi i n  methanol ic  bases .  

- -  

Aqueous b u f f e r s  - Pd/BaS04 : According t o  t h e  l i t e r a t u r e 4  t h e  exchar,ge 

i n t o  water depends s t r o n g l y  on pH. A q u a n t i t a t i v e  comparison of 

tritium incorpora t ion  i n t o  water  was c a r r i e d  o u t  i n  bu f fe red  s o l u t i o n s  

of pH 5.0 - 9 . 2  /Table III/ .  The pH dependence of may be r e a d i l y  

s tud ied  i n  phosphate h u f f e r s  i n  which a pH change from 9 . 1  t o  5 . 0  

markedly /about t w i c e /  i n c r e a s e s  t h e  va lue  of B. A comparison of 

experiments 2 and 5 and experiments  1, 7 and 8 / t h e  d a t a  ixe t o  be 

normalized i n  view of t h e  unequal r a d i o a c t i v i t y  of t h e  gaseous 

tritium/ shows t h a t  depends a l s o  on t h e  type  of bu f fe r ing  subs tance .  

I t  is t h u s  probable  t h a t  t h e  b u f f e r  o r  i t s  h y d r o l y t i c  products  d i r e c t l y  

p a r t i c i p a t e  i n  t h e  exchange r e a c t i o n .  
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2 h  

275 

370 

550 

542 

181 

263 

152 

228 

953 

3 h  

367 

502 

715 

720 

212 

309 

165 

248 

TABLE 111. 

104 

118 

Exp . 
NO. 

1 

2 

3 

4 

5 

6 

7 

8 

87 

127 

Buffer 

220 

154 

Na2HP04 

165 

190 

Na2HP04 + 
KH2P04 

131 

134 

160 

Na2HP04 + 
KH2P04 

61 

10 

31 

Na2HP04 + 
KH2P04 

Na2B407 

Na 2B 4 '7 

Buffer 
Conc . 
(M) 

0.07 

0.07 

0.07 

0.01 

0.1 

0.1 

0.1 

0.01 

Pfl 

9.15 

7 

5 

5 

7 -8 

7.8 

9 -25 

9.20 

- 

- 

Incorporation (mci) 
l h  

193 

247 

385 

340 

13 2 

187 

145 

187 

95 I 40 

Experiments 1-5: 30-35% 3 H2, Experiments 6-8: 40-45% 3 H2 

The dissociation constants of acids formed by hydrolysis or specific 

exchange properties of the buffers may affect the extent of the 

monitored exchange reaction into water. Comparison of experiments 

3 and 4, as well as 7 and 8 indicates that the concentration of the 

buffer exerts only a slight influence on the values of B. 
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Conclusion : 

Elimination of considerable losses of radioactivity into 

solvent-base mixtures during catalytic dehalogenation may be 

achieved by using aqueous and methanolic solutions of bases /KOH, 

ammonia, triethylamine/, with Pd/BaS04 or PdO as catalysts. With 

halogens of low reactivity, which necessitate the use of Raney Ni, 

the most suitable medium is aqueous KOH or N H 4 0 H .  The radio- 

activity losses in aqueous buffers are lower when ammonium carbo- 

nate or sodium tetraborate are used. 

The effect o f  bases and buffers on the catalytic activity of 

catalysts is the subject of further study. 
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