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Z n t . - o 4 u o t i o n  

L i t e r a t u r e  r e p o r t s  i n d i c a t e  t h a t  pure PuF 6 i s  deoomposod by l i g h t  ( l t 2 )  . 

We have a l s o  observed t h a t  the  i r r a d i a t i o n  of  pure ,  gaseous PuF 6 by u l t r a -  

v i o l e t  l i g h t  a t  room tempera ture  r e s u l t s  i n  the  p roduc t i on  of  a s o l i d ,  su6~ 

gost iD~ the  decompos i t ion  of  PuF 6.  On the  o t he r  hand,  we have r o o e n t l ~  ob- 

se rved  t h a t  the  u l t r a v i o l e t  i r r a d / a t i o n  of  mix tures  of s o l i d  PuF 4 and gaseous 

f l u o r i n e  a t  room tempera tu re  have r e s u l t e d  i n  the p roduc t i on  of  PuF 6. 

Ex~rlment~l 

The irradiation of PuF4-fluorine mixtures was carried out in a Monel cell 

o o n s t r u o t e d  b y w e l d i n g p i e c e s  of  1 -1 /4  i n .  d i a .  Monel p ipe  to  form a g O  ° c r o s s .  

The four  ends of  the  c ro s s  were f i t t e d  wi th  s y n t h e t i c  sapph i re  windows he ld  

i n  p lace  with th readed  caps and t e f l o n  Kaskets .  Gases could be i n t r o d u c e d  

to the  c e l l  or  removed from i t  through a Hoke No. 1479 va lve  welded to  the  

c e l l .  

P lu ton ium t e t r a f l u o r i d e  powder was added to the c e l l  through one end, 

the winow a t  t h a t  end was put  i n t o  p l ace ,  and the c e l l  was evacuated  and 

t e s t e d  fo r  l e a k s .  Gaseous f l u o r i n e  was then  added to  the  c e l l  to a p r e s su re  

of 300 mmHg. A t h i n  l a y e r  of  the p lu tonium t e t r a f l u o r i d e  powder adhe r ing  to  

one of the windows was exposed a t  room tempera ture  to  l i g h t  o f ~ 3 1 2 5  An6~trom 

wavelength from a Bausch & Lomb High I n t e n s i t y  Honoohromator with the  Bausch & 

Lomb "Super Pressure Meroury Source" lamp (SP-200). 

The energy d e l i v e r e d  to  the c e l l  by the monoohromator was determined 

u s i n g  the  aqueous po tass ium f e r r i o x a l a t e  ao t inome te r  as de sc r i be d  by 
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C a l v e r t  and P i t t s  ( 3 ) .  The f r o n t  window o f  the  a c t i n o m s t e r  v e s s e l  was a 

s a p p h i r e  window s i m i l a r  to  t h a t  o f  the  c e l l  used  f o r  u l t r a v i o l e t - m o t i v a t e d  

s y n t h e s i s  o f  PuF 6.  From the  a c t i n o m e t r i c  measurements ,  the  l i g h t  i n t e n s i t y  

J u s t  i n s i d e  the  f r o n t  window was found to  be 4 x 1016 q u a n t a / s e e .  The f r a n t i o n  

o f  l i g h t  t r a n s m i t t e d  by the  f l u o r i n e - P u F  4 mix tu re  was assumed t o  be n e g l i g i b l e  

s i n c e  t he  molar  abso rbency  index  o f  f l u o r i n e  4 i s  s u f f i c i e n t l y  l a r g e  t h a t  

t he  f r a c t i o n  o f  3125 Angstrom l i g h t  t r a n s m i t t e d  th rough  a lO-om l ~ t h  o f  

f l u o r i n e  a l o n e  a t  300 ,~wg would be n e g l i g i b l e .  

R e s u l t s  and D i s c u s s i o n  

The p r o d u c t i o n  o f  gaseous  PuF 6 i n  t h e c e l l  was i n d i c a t e d  by the  appea rance  

o f  the  c h a r a c t e r i s t i c  a b s o r p t i o n  spec t rma  o f  PuF 6 in  t he  n e a r  ~ r e g i o n  

(8500 to  12000 Angstroms) a s  measured by a Cary Model 14 s p e c t r o p h o t o : e t e r .  

The p r e s s u r e  o f  PuF 6 produced i n  the  c e l l  was c a l c u l a t e d  u s i n g  the  measured 

abso rbanoe ,  the  known v a l u e s  o f  the  molar  a b s o r p t i v i t y  i ndex  ( 5 ) ,  and t h e  

c e l l  l e n g t h .  An i r r a d i a t i o n  t ime o f  1290 min produced a PuF 6 p r e s s u r e  o f  

5 ""RS. The weight  o f  PuF 6 e s t i m a t e d  by u s i n g  t h i s  p r e s s u r e ,  t h e  i d e a l  gas  

law, t he  t e m p e r a t u r e ,  and the  volume o f  the  c e l l  i8  7 : g .  

The e f f i c i e n c y  o f  p r o d u c t i o n  o f  PuF 6 i n  t h i s  exper imen t  was e s t i m a t e d  

from the  energy  i n p u t  to  t he  c e l l  and the  amount o f  PuF 6 p roduced .  Under t he  

c o n d i t i o n s  o f  the  e x p e r i m e n t ,  t he  a p p a r e n t  quantum y i e l d  f o r  the  r e a c t i o n  was 

4 x 10 -3  mo lecu l e s  PuF~qusntum!  i n  o t h e r  t e rms ,  7 x 10 - 2  k i l o w a t t - h o u r s  o f  

energy  would be r e q u i r e d  pe r  gram o f  PuF 6 p roduced .  The exper imen t  d e s c r i b e d  

above does  no t  i n d i c a t e  whether  the  p r o d u c t i o n  o f  PuF 6 r e s u l t s  from the  u l t r a -  

v i o l e t - a c t i v a t i o n  o f  PuF4, o r  f l u o r i n e ,  or  bo th  r e a c t a n t s .  The e f f i c i e n c y  o f  

the  r e a c t i o n  might  be i n c r e a s e d  by o p t i m i z i n g  the  mechanics o f  expos in~  t h i s  

he t e rogeneous  sys tem to  l i g h t .  

The s y n t h e s i s  o f  PuF 6 commonly employed i n v o l v e s  the  r e a c t i o n  a t  >450°C 

of  gaseous  f l u o r i n e  or  some o t h e r  o x i d a t i v e  f l u o r i n a t i n g  agen t  wi th  s o l i d  PuF 4 

o r  Pu02o The PuF 6 produced must be r a p i d l y  quenched to  a v o i d  the  r e v e r s e  

r e a c t i o n .  

Pure PuF 6 i s  t he rmodynamica l ly  u n s t a b l e  wi th  r e s p e c t  to  PuF 4 and f l u o r i n e  

a t  room t e m p e r a t u r e .  The r a t e  o f  the  the rmal  decompos i t i on  o£ PuF 6 to  PuF 4 

and f l u o r i n e  a t  room t e m p e r a t u r e  i s  v e r y  low, and t h e r e f o r e ,  PuF 6 i s  m e t a s t a b l e  

a t  25°C. E x t r a p o l a t i o n  o f  the  e x p e r i m e n t a l  e q u i l i b r i u m  c o n s t a n t s  (6)  f o r  t he  

r e a c t i o n  o f  PuF 4 (8) + F2(g  ) ~ PuF6(g ) to  25°C i n d i c a t e s  t h a t  o n l y  0.004 m u g  

o f  PuY 6 would be i n  e q u i l i b r i u m  wi th  300 m ~ g  o f  f l u o r i n e .  The p r e s s u r e  o f  

PuF 6 (5 ~ g )  produced i n  the  p re sence  o f  300 mmHg of  f l u o r i n e  i n  the  

e x p e r i k e n t  d e s c r i b e d  above i s ,  t h e r e f o r e ,  c o n s i d e r a b l y  g r e a t e r  than  the  
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e q u i l i b r i u a  v a l u e .  The r e s u l t s  o f  t he  expe r imen t  s u g g e s t  t h a t  u l t r a v i o l e t  

r a d i a t i o n  and s u f f i c i e n t l y  h igh  p r e s s u r e s  o f  f l u o r i n e  i n  o o n t a o t  w i th  PuF 4 

i n o ~ e a s e d  the  r a t e  o f  f o r m a t i o n  o f  PuF 6 above t h a t  expeo ted  f o r  the  t h e r m a l l y  

a n t i v a t e d  r e a c t i o n .  

The mottorr o f  u l t r a v i o l e t  l i g h t  on the  P u F 4 - f l u o r i n e  sys tem i s  s i m i l a r  

t o  t h e  a c t i o n  o f  g a u u  r a d i a t i o n  on the  P u F 4 - f l u o r i n e  sys tem ( 7 ) ,  Gamma 

r a d i a t i o n  deoomposed PuF 6 to  PuF 4 and f l u o r i n e .  On the  o t h e r  hand,  the  

a c t i o n  o f  gaems r a d i a t i o n  on s t s t e m e  c o n s i s t i n g  o f  s o l i d  PuF 4 i n  the  p re sanoe  

o f  200-700 ~ H g  o f  f l u o r i n e  r e s u l t e d  i n  t he  p r o d u c t i o n  o f  PuF 6 a t  p r e s s u r e s  

i n  e x o e s s  o f  t he  the rmal  e q u i l i b r i u m  v a l u e s .  
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