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SUMMARY 

The incorporation of tritium gas in to  dioxan, t e t r a h y d r o m n ,  
e thyl  acetate, dimethytfozwrwnids, dimethylacetontide, dimethyZsulfo- 
xide and acetic acid anhydride m e  studied i n  the presence o f  
heterogeneous catalysts PdO (Adams), P t O Z  (Adamsl, Pd/BaS04 (10%). 
For the solvents and catalysts  investigated the following depen- 
dencies wre observed: 
1 )  Kitabach reaction of the solvents takes only a negligible part 

i n  the total  incorporation into the solvents. 
he traces of exchanging impurities i n  solvents caused much 
higher incorporation. 
I n  the case of non exchanging solvents. practically a l l  the 
radioactivity incorporated i s  bound on t r i t i u m  water. 

2) 

3) 

The most effact lve method w i t h  nmp.ct t o  the at tahment  of 

high specific ac t iv i ty  during the t r l t b t l o n  of organic ~ m p o u n d a  

ie undoubtedly the hydrogenation of double bonds or ca ta ly t ic  de- 

halogenation r i t h  oarrier-free trlti-. Literature gives variou8 

information proring that In both oaseiu an appreciable incorpors- 

t ion  of tritium into  the solvent takes place, even when uork l e  

done w i t h  eolvents lacking the so-called l ab i l e  hydrogene, a8 f o r  

example diozsne, tetrahydroiuran, e thyl  acetate  etc. Prom the 

above mentioned r e a a o ~  we studied factor8 affect ing the loe t s  of 

radioactivltf in to  the solvents u e d .  

8 1974 by John Wiley d: Sons, Ltd. 
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Apparatp8 and ma te r i a l  

a )  mr the  rearurement and for a l l  operatione with tritium gas 

we ueed an apparatus developed in our l a b o r o t o q  which enables 

t h e  work under conetant preesure of t r i t i u m ,  c lo se  t o  atmospheric 

pressure /l/. The r eac t ion  vesae l  provided with a magnetic e t i r -  

rer wae f i t t e d  with e tube with a e i l l w n  sea l .  The t o t a l  volume 

o f  eolvente used wee 18.  The solvent  eamples were taken v i a  

s e a l  ( e p p m x h a t e l y  10 mg) with a ricroeyrtnge. The samples were 

weighed i n  glaee bubbles and measured by l i q u i d  a c i n t i l l a t i o n  ~ e -  

thod. The to$a l  preseure ( t r i t i u m  preseure and p r e e e w  of so l -  

vent vapour) i n  every experiment was approximately 600 Tom. 

b) Re used tritium gas imported f r o m  USSR in ampouler, which 

wae pu r i f i ed  and s tored in the form of uranium t r i t i d e .  The epe- 

c i f i c  a c t i v i t y  of this tritium r a e  meaeured ia a i on laa t ion  cham- 

be r  developed In our laboratory.  The content8 of t r i t i u m  in t he  

imported gas r e r e  in the 7545% range. 

c )  Por our  e t u d j  we used common eolvents recommended for tri- 

t i e t i o n .  The solvent8 were ca re fu l ly  pu r i f i ed  and dried by chemi- 

cal meam which are used for preparat ion of pure or ex t r a  pure 

eolvonts. The con t ro l  of pur i ty  was carr ied our  by gas chrometo- 

gra9hY 

d )  Pt02 (Adam) and PdG (Adams)’es wel l  as Pd/BaS04 were used 

as ca ta lya t s .  Pd/C requires s p e c i a l  conditions for its prepara- 

t i o n  and s to rage ,  which would only complicate the work and there- 

f o r e  i t  was not employed. YdO and Ft02 were reduced with hydrogen 

immediately before use and the  solvent with t raoee of humidity 

wee eubmitted t o  lyopbi l leat ion.  The c a t a l j s t  was ueed for t h e  

s tudy of t he  exchanges after the  addi t ion of freeh solvent in 
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inert atmesphere. 

Reeults 

The Inasparable part of hydrogenation reaction Is the lnter- 

action between the solvent and the tritium gas, i . e .  lllebach 

reaction. Re found that f o r  ethyl acetate, dloxan, tetrahydrofu- 

ran and acetic acid anhJdride the exchanges cawed by lilrbech 

reactloa are of the order of tena of aC1, 1.0. negligible COB- 

parieoa with the exchanges taking place in the preeenae of cata- 

l 7 a t .  Linear couroe of the incorporation v e r a u  tire plot, in 

the directions towards the o r i g i n ,  shows that the oontrlbutlon to 

the activity canned by the aolublllty of tritiur in the aolvent 

is negligible. 

The greatest attention wee devoted to the incorporation into 

solvents under the influence of catalgete. %.la ahown the 

Incorporation of tritium into ethyl acetate. After two to three 

hours a distinct s lowing d o m  of the incorporation take8 place 

and the dependence on time assumem a linear character. An enalo- 

goua dependence is obtained for all solvents investigated. The 

ethyl acetate used I s  very pure, see Hg.lb. 

The purity of the solvente greatly affects the degree of incorpo- 

ration. In Plg.2 thls effect is documented for dioxan. 
The dioxan used, 1,2,3, corresponds approximately to the fo l lowing 

qualitiee: pure grade, analytical grade, f o r  spectral reasuremente. 

For diozen 2 almost total radioactivity is bound in impurities 

(Flg.38). Perfectly pure dioxan does not contain exchangeable hydro- 

gens under the conditions used. 

I n  experiment8 with v e r y  pure solvents it was found that the 
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Fig.1. a)  The dependence o f  incorporation o f  tritium into very 

pure e t b l  acetate on time. 

Catalyst: 1. ..Pt02, 20 lag; 2.. .Pd/B8S04(1Q%), 20 ny. 80% T2 
b) Gae chromatogram of ethyl acetate wed. 

2 4 TIME (hour) 
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Pig.2. The dependence of incorporation of tritium into dioxanl, 

2 and 3 on t ire .  Catalyst €'to2, 20 mg, 8OS !C2. 

b 

Pig.3. The distribution of the radioactivity; a) in the component8 

of diolen 2. Reaetion time 5 houra, Gae chrormtogra~, 15% 

DEW on Chrmoeorb 0 ,  45%. b) in vary pure ahethyl for- 

d d 4 .  Be8ction time 4 b-8. ChroratOgnu, Pampak 

Q, 197OC- 

larger pert of the incorporated radioactivity I s  fn the forr of 

tritium water. This water may be ellmlnated quantitatively bj 

a l lowiq  the solvent to stand over a molecular miere. phe re- 

eulte of the incorporation of molvento (after f ive  how)  and 

the decreaeee ia radioactivity after atanding over a molecular 

sieve are shorn in Table 1, 
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I 
Tritium 
in cont used ente 

gas 

75-so8 

45-505 

~ 
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Catalyst 
Solvent Pd/BaSO,(10%) , 2 h g  PtO2,20mg 

before after before after 
eieve eieve 3A aiere eieve 
/mCi/ /di/ /mCi/ 3A 

mCI/ . 
diox- 400 39 900 13 
t e t rahy dro furan 420 38 1050 195 
ethyl acetate 300 34 1050 108 
dimethylforremide 770 390 - - 
dhethylacetemide 240 7 970 27 
dimethylsuaphoxide 470 20 - - 
acetic acid anhydride 670 580+ - - 

~~ 
~ 

+ after standing with molecular sieve 5A the radioactivitj decreaeea 
do 353 mCi 

The rapid drop in radioactivity to the valuee of tens of 

a C i  in dioran, tetrahydrofuran, ethyl acetate, dimethylacetd- 

de and dimethyl sulphoxide indicates that the mentioned eolrenb 

do not contain exchangeable hydragene under the given reaction 

COnditiOM. A somewhat higher residual radioactivity (after sieve 

3 A) in the case of tetrahydrofuran and ethyl acetate when plsti- 

num catalyst is used may be explained by the reaction of these sol- 

vents with a very active catalyst, under ro-tion of traces of 

by-products. In the case of dimethyl Bulphoxide the consumption 

of tritium was observed during the whole experiment, Evidently 

8 slow rsduction or this solvent occura under formation of triti- 

ated water as l a  also ahom by a higher Incorporated radioactivity 

(see Table 11, for example i n  camparieon with dimethjlacetamide. 

*ring the reductlone of the C-C double bonds in ~ e t h y l ~ u l p h o r i d e ,  

a rapid poieonlng of the catalyst h e  been obeerved. 
In dlmetty.lforuuide and acetic auhydrida the incorporation 
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of tritium increases dietlnctly even after two houra (Pig.)). 

0 1 2 3 4 
TIME (hour) 

ng.4. The dependence of incorporation of tritiru into very pure 

acetic acid anhydride (1) and dImet4lformamj.de (2) on 

t h e .  Catalyet W B a S O ,  (loZ), 20 rg. 43% Q2. 

In the caee ef direthjlior~mide a0 exchange o f  the foray1 group 

for 4dragen evidently occurs (?ig.3b). In the cam of acetic an- 

4 d r l d e  the c8telf.t enhancer hyydrogenolysis. Thia is proved by 

the drop In pressure is the opparetua daring the whole experiaent. 

The c o w 8  a r  the hydrogenolyolo and the eubmequent reduction is 

dcmcribed by b r o  and Pigge /2/. ?or tritium the reaction sche- 

re m y  be conatrued 8s follows: 
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Prom the  reaction t r i t i a t e d  ace t ic  acid and t r i t i a t e d  etha- 

nol result. Acetic acid is formed both by the hydrogenolysis and 

by the reaction of acet ic  anhydride with t r i t i a t e d  water (triti- 

um water is formed by the reaction of gaseous tritium with the 

catalyst  - see below). For t h i s  reason the drop in radioact ivi ty  

a f t e r  sieve 3 A is very s l igh t ,  Fron the calculation of the 

theoret ical  course of the reduction a value approximately about 

250 m C i  follow8 i n  the ethanol formed, The radioact ivi ty  of the 

7 2 3 4 
TIME (hour)  
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reaction n i r tu re  did indeed decrease to  th i e  extent a f t e r  the ad- 

d i t ion  of the molecular sieve 5 A (It eorbe ethanol). 

In order t o  explain the formation of tritium r a t e r  in the 

course of the experiments we determined the e f fec t  of the amount 

of catalyst  on the  magnitude of the  incorporation into the sol- 

vents (PIg.5). It I s  clear  that i n  very pure Solvents which do 

not exchange hydrogene, the catalyet  is responeible f o r  the M ~ O -  

r i t y  of the incorporated radioactivity. So f a r  it I s  not hiom 
In which forn the t races  of oxygen bound t o  the catalyat  -MIL 
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