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SEMI-MI  CRO CONVERSION OF I SOTOPI CALLY ENRICHED 
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SUMMARY 

The q u a n t i t a t i v e  conversion o f  heavy water on the decigram scale t o  dioxygen 

and carbon d iox ide  v i a  the  fo l l ow ing  sequence 

U+2D2018 = U O i 8  + 2D2; UO18 + 2BrFj = UF6 + Brp + Oi8 and C + 018 = Cop 18 

i s  described i n  d e t a i l .  

ou t l i ned .  

Key Words : 01* enriched dioxygen, carbon dioxide, uranium d iox ide,  

The reasons f o r  choosing t h i s  p a r t i c u l a r  rou te  a re  

bromine tri f l u o r i d e .  

INTRODUCTION 

Non-active 0 l 8  is  the p re fe r red  oxygen isotope f o r  t r a c e r  work because the 

a c t i v e  isotopes a re  too  sho r t  l i v e d .  Water, enriched i n  non-active oxygen 

isotopes by d i s t i l l a t i o n ,  i s  the primary source f o r  o the r  oxygen enriched 

compounds made f o r  example by hyd ro l ys i s  o r  i s o t o p i c  exchange (1 ) .  

oxygen conta in ing gases are requ i red  f o r  absorption, d i f f u s i o n  and k i n e t i c  

s tud ies o r  t o  a s s i s t  i n  spect ra l  assignments. E l e c t r o l y s i s  o f  aqueous 

so lu t i ons  i s  the usual method f o r  generating oxygen which can then be 

converted t o  o the r  gases. However, the method i s  slow and n o t  amenable t o  

q u a n t i t a t i v e  semi-micro conversions ( 2 , 3 ) .  An a l t e r n a t i v e  method f o r  such a 

q u a n t i t a t i v e  conversion t o  oxygen and carbon d iox ide  i s  described. 

a worthwhile operat ion because the expense o f  water increases r a p i d l y  w i t h  

i s o t o p i c  enrichment. 

Enriched 

This i s  
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The uranium- water reac t i on  : The apparatus shown i n  F ig .  1 was used t o  e f f e c t  

the ox ida t i on  

U + 2H,O = U02 + 2H2 
b 

Al iquots  o f  about 0.1g o f  enriched water were c o l l e c t e d  by vacuum t r a n s f e r  

i n  ampoules. 

the depth o f  l i q u i d  i n  the stem so t h a t  t he  approximate amount o f  uranium 

needed (0.75g/O. l  g H20) could be in t roduced i n t o  the s i l i c a  reac t i on  tube. 

The whole apparatus was evacuated, A closed and the ampoule neck snapped by 

r o t a t i n g  the A19 socket-handle. 

The content o f  each ampoule could be estimated t o  2 10% from 

A f t e r  d i s t i l l i n g  the water onto the uranium, by coo l i ng  the  s i l i c a  tube i n  

l i q u i d  n i t rogen,  the  r e a c t i o n  vessel was separated and sealed a t  B. 

vessel was placed i n  an oven a t  18OoC w i t h  the lower p a r t  o f  the s i l i c a  tube 

heated a t  55OoC and the pal lad ium th imble a t  75OoC w i t h  separate m in ia tu re  

tube furnaces. 

Tesla c o i l  discharge through the co ld  tube. Q u a n t i t a t i v e  t r i a l s  w i t h  

ord inary water showed complete r e a c t i o n  wi th in 4 h rs .  

used the heat ing per iod was extended t o  ove rn igh t  (16 h rs )  t o  a l l ow  f o r  

slower reac t i on  and d i f f u s i o n  o f  deuterium. The tube was c u t  o f f  a t  C and 

the contents t rans fe r red  t o  the f l u o r i n a t i o n  f l a s k  i n  the next  stage. (The 

s i l i c a  tube a f t e r  c leaning w i t h  HN03 was r e j o i n e d  f o r  f u r t h e r  runs). 

This 

Completeness o f  r e a c t i o n  cou ld  be judged by passage of a 

When heavy water was 

F l u o r i n a t i o n  o f  uranium d iox ide  : The apparatus f o r  conver t ing the ox ide t o  

oxygen v i a  
U02 + 2BrF3 = UF6 + B r 2  + O2 

i s  shown i n  Fig. 2 .  

Only the 814 j o i n t s  need t o  be l u b r i c a t e d  w i t h  a f l u o r i n a t e d  grease. 

whole apparatus was i n i t i a l l y  d r i e d  by pumping. 

t o  the r i g h t  l e t  down t o  atmospheric pressure. 

t r i f l u o r i d e  were placed i n  G, f rozen and replaced. 

i n  F. A f t e r  re-evacuation, about 10 cm pressure o f  'wh i te  spo t '  n i t rogen  

Apart from E and F the apparatus was of "Pyrex" glass. 

The 

C was closed and the  p a r t  

About 1-2 m l  o f  bromine 

The U02 had been placed 
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was introduced v i a  D. 

pressure could be s u b s t i t u t e d  f o r  n i t rogen) .  

and added i n  one.port ion t o  F. 

ambient temperature, oxygen was evolved i n  a m i l d  reac t i on .  To complete the 

reac t i on  the l i q u i d  i n  F was gen t l y  r e f l u x e d  f o r  a minute u n t i l  t he  ye l l ow  

co lour  o f  t he  o r i g i n a l  so l ven t  was restored.  

The permanent gases i n  the system were then t r a n s f e r r e d  t o  bu lb  AB us ing 

the Toepler pump. 

( I f  pure oxygen was requi red a carbon d iox ide  gas 

The contents o f  G were unfrozen 

Trap E was then cooled and, as F warmed t o  

UF6 and B r 2  c o l l e c t e d  i n  E .  

(About 8 strokes s u f f i c e d  w i t h  the volumes used). 

Conversion o f  oxygen t o  carbon d iox ide  : Flask AB was removed a f t e r  b r i ng ing  

the Toepler volume t o  atmospheric pressure. It was then f i t t e d  i n t o  the 

apparatus shown i n  Fig. 3. Spectroscopic-grade carbon was used. The 610 

"p i ce ined  " j o i n  was made f i r s t  and the  c i r c u i t  completed by s l i d i n g  the  

metal union over the  a b u t t i n g  g lass ends. The furnace p o r t i o n  was evacuated 

v i a  B which was then reversed and A opened t o  a l l o w  gas c i r c u l a t i o n  over the 

carbon. T r i a l  runs establ ished t h a t  the volume o f  oxygen from 0 . l g  o f  

water were q u a n t i t a t i v e l y  converted t o  C02 i n  4-5 h rs  a t  55OoC. 

overn ight  heat ing was employed t o  ensure complete i s o t o p i c  oxygen conversion. 

The whole apparatus could be attached t o  a vacuum system f o r  condensing 

and measuring ou t  the C02 as required. 

Again an 

An example o f  the complete process i s  as f o l l o w s  : 

An evacuated g lass ampoule conta in ing heavy water weighed 6.71679 a f t e r  

t rans fe r r i ng  the sample onto 0.6974g of uranium f lake,  the ampoule f i l l e d  

w i t h  a i r  weighed 6.6076g. The product weighed 0.7906g o f  which 0.7874g 

were t rans fe r red  t o  the s i l i c a  f l a s k .  

co l lected.  

F i n a l l y  61.0ml o f  C02 a t  N.T.P. were 

The composition o f  t he  heavy water was c e r t i f i e d  as D20 w i t h  0.238% O l 7  and 

30.75% 018 which i s  equiva lent  t o  a composit ion D20 16*" conta in ing 80.5% 

by weight o f  oxygen. 

16.62 Assuming the increased weight o f  t he  uranium res idue (93.2 mg) i s  a l l  0 

0.7874 45 24 - then the weight o f  carbon d iox ide expected was aTmTm x 93.2 x A - 126 mg. 33.24 
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compared w i t h  the weight c o l l e c t e d  - 61.0 x 45.24 x 1.007 = 124 mg. 

(The f a c t o r  1.007 a l lows f o r  gas imper fect ion) .  

22,410 

21 

The weight increase expected f o r  t he  uranium from the weight o f  water used 

was b6.7167 - 6.6076) + 0.0040 I 0.805 = 91 mg. 

(The small c o r r e c t i o n  i s  the weight o f  t he  a i r  volume i n  the  opened ampoule). 

The o v e r a l l  conversion o f  water t o  carbon d iox ide  was b e t t e r  than 98%. 

DISCUSSION 

With h igh isotope mass r a t i o s ,  as f o r  0l8/Ol6, k i n e t i c  isotope e f f e c t s  are 

expected and the i s o t o p i c  r a t i o  i n  the product could a l t e r  w i t h  the  stage o f  

react ion.  The q u a n t i t a t i v e  conversions described avoid t h i s  e f f e c t .  Again 

when there i s  more than one oxygen con ta in ing  product they may con ta in  

d i f f e r e n t  i s o t o p i c  r a t i o s .  For example i n  the r e a c t i o n  

6 Ca C03 + 4BrF3 = 6 Ca F2 + 2 B r 2  + 6 C02 + 302 

the 0 l8 /Ol6 r a t i o  i n  the dioxygen was 30% l e s s  than i n  the carbon d iox ide  ( 4 ) .  

Our s i n g l e  oxygen-product react ions avoid t h i s  d i f f i c u l t y .  

F i n a l l y ,  another poss ib le  source o f  i s o t o p i c  d i l u t i o n  i s  by an exchange 

r e a c t i o n  w i t h  the s i l i c a  r e a c t i o n  vessel. 

s i l i c a  vessels do n o t  exchange w i t h  0218, CO 

h igh as 63OoC f o r  per iods o f  up t o  t h i r t e e n  hours (5 ) .  

exceeded i n  our experiments. 

the react ions C + H20 = CO + H2 o r  C + C02 = 2CO 

requ i red  would lead t o  some i s o t o p i c  exchange. 

However, i t  has been shown t h a t  

o r  C0218 a t  temperatures as 18 

These l i m i t s  were n o t  

However, i f  carbon monoxide were made from 

the  h igh temperatures 

Oxygen i n  many oxides can be d isp laced q u a n t i t a t i v e l y  w i t h  halogen f l u o r i d e s  

and t h e i r  de r i va t i ves  (6) .  

v i o l e n t  and would a l so  y i e l d  hydrogen f l u o r i d e  necess i ta t i ng  the use o f  an 

a l l  metal o r  f l u o r i n a t e d  polymer apparatus. For s i m p l i c i t y  the water needs 

conversion t o  another oxide which reacts  m i l d l y  and q u a n t i t a t i v e l y  w i t h  the 

halogen f l u o r i d e .  

i t  fo l l ows  a l i n e a r  ox ida t i on  law and i s  r a p i d  even a t  30OoC. 

However, the d i r e c t  reac t i on  w i t h  water i s  

The r e a c t i o n  o f  water w i t h  uranium i s  s u i t a b l e  because 

The poss ib le  
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non-stoichiometry o f  U02 i s  unimportant since uranium metal and a l l  the 

oxides d i sso l ve  r a p i d l y  i n  bromine t r i f l u o r i d e  w i t h  oxygen displacement. 

Bromine t r i f l u o r i d e  i s  the most convenient halogen f l u o r i d e  f o r  small scale 

use. The uranium hexaf luor ide formed i s  r e a d i l y  separated. 

D i r e c t  conversion o f  uranium d iox ide  t o  carbon d iox ide  w i t h  carbon 

t e t r a c h l o r i d e  was r e j e c t e d  because the maximum y i e l d  repor ted a t  5OO0C was 

only  60% and other  oxygen species a l s o  form (7) .  
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