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ABSTRACT 

CHEMISTRY OF SOURCE, FISSIONABLE, 
AND STRUCTURAL ELEMENTS 

A c o m p l e t i o n  r e p o r t  w i l l  be i s s u e d  
i n  t h e  n e x t  q u a r t e r  on  t h e  s t u d y  o f  
t h e  a q u e o u s  t h o r i u m  t h e n o y l t r i f l u o r o -  
a c e t o n e  ( T T A  s y s t e m )  and  on t h e  n a t u r e  
o f  s o l i d  t h o r i u m  p e r c h l o r a t e  u s e d  t o  
p r e p a r e  a q u e o u s  s o l u t i o n s  o f  t h o r i u m .  

F r e e z i n g  p o i n t  a n d  c o n d u c t i v i t y  
s t u d i e s  o f  u r a n y l  f l u o r i d e  i n  a q u e o u s  
s o l u t i o n  show t h a t  d i s s o c i a t i o n  i s  
s l i g h t  i n  s o l u t i o n s  0 . 0 1  t o  5 m ,  a n d  
t h a t  m o s t  o f  t h e  u r a n i u m  compound i s  
i n  t h e  f o r m  o f  a d i m e r  a t  c o n c e n -  
t r a t i o n s  above 0 . 5  m. 

The n e g a t i v e  c o m p l e x i n g  o f  a n i o n -  
e x c h a n g e  r e s i n s  w i t h  c h l o r i d e  i o n s  
w a s  d e t e r m i n e d  b y  s t u d y i n g  r e s i n  
a d s o r p t i o n  o f  c a t i o n s .  I n  7 M a n d  
1 2  M HC1 t h e  f o l l o w i n g  i o n s  w e r e  
n o t  a d s o r b e d  a n d  fo rmed  n o  n e g a t i v e l y  
c h a r g e d  complexes :  L i t ,  K', Na', Rb', 

e l e m e n t s  wh ich  show s t r o n g  a d s o r p t i o n  
[ C o ( I I ) ,  C u ( I I ) ,  Z n ( I I ) ,  C d ( I I 1 ,  

H g ( I I ) ,  Z r ( I V ) ,  H f ( I V ) ,  C b ( V ) ,  e t c . 1  
a r e  r e a d i l y  s e p a r a b l e  f rom t h o s e  t h a t  
d o  n o t .  F e ( I I 1 )  a n d  G a ( I I 1 )  a d s o r b  
a b o u t  e q u a l l y  s t r o n g l y  i n  c o n c e n t r a t e d  
HC1. T h e  c o m p l e x  i o n s  a r e  p r o b a b l y  
FeC1,- and GaCl,- .  

I n v e s t i g a t i o n  o f  t h e  h y d r o l y t i c  
b e h a v i o r  o f  m e t a l l i c  i o n s  h a s  b e e n  
e x t e n d e d  t o  Th4', Zr", and Hf4'. 

D i s c r e p a n c i e s  i n  t h e  d i s t r i b u t i o n  
of  Zr between 'ITA-benzene s o l u t i o n  and  
a q u e o u s  c h l o r i d e  h a v e  b e e n  f o u n d  t o  
be  due  t o  low c o n c e n t r a t i o n s  o f  some 

o x i d i z i n g  a g e n t  ( p r o b a b l y  C10,J i n  t h e  
NaC10 ,  u s e d  t o  m a i n t a i n  c o n s t a n t  
i o n i c  s t r e n g t h .  U s i n g  p u r e  NaC10, 
p r e p a r e d  f r o m  Na CO,, t h e  f o r m a t i o n  
c o n s t a n t  o f  ZrC13*' a t  i o n i c  s t r e n g t h  
3 was found t o  be 1 ,  which i s  b e l i e v e d  
t o  be a b e t t e r  v a l u e  t h a n  t h e  f o r m e r l y  
a c c e p t e d  1 . 3 .  

T h e  h i g h - l e v e l  s e p a r a t i o n s  o f  
t e c h n e t i u m  f r o m  s o l v e n  t - e x t r a  c t i o n  
r a f f i n a t e s  h a s  p r o c e e d e d  t o  t h e  p o i n t  
w h e r e  o v e r  1 0  g o f  t h e  e l e m e n t  i s  now 
c o n t a i n e d  i n  e x t e n s i v e l y  d e c o n t a m i n a t e d  
c r u d e  p r o d u c t  f r a c t i o n s .  Some  o f  
t h e s e  f r a c t i o n s  h a v e  b e e n  r e f i n e d ,  
a n d  6 0 0  mg o f  p u r e  t e c h n e t i u m  m e t a l  
h a s  b e e n  p r o d u c e d .  S o l u b i l i t i e s  
o f  t h e  p o t a s s i u m  and t e t r a p h e n y l a r s o n i u m  
p e r t e c h n e t a t e s  were measu red  and found 
t o  be g r e a t e r  t h a n  t h o s e  o f  t h e  c o r r e -  
s p o n d i n g  compounds  o f  r h e n i u m .  T h e  
l i g h t  y e l l o w  c r y s t a l l i n e  o x i d e  formed 
o n  h e a t i n g  t e c h n e t i u m  m e t a l  i n  d r y  
o x y g e n  a t  4 0 0  t o  6OO0C w a s  d e m o n -  
s t r a t e d  t o  b e  T c 2 . 0 , .  T h e  i n t e n s e  
u l t r a v i o l e t  a b s o r p t i o n  o f  p e r t e c h n e t a t e  
i o n  i n  a q u e o u s  s o l u t i o n s  w a s  f o u n d  
s u i  t a b l e  f o r  a n a  l y  t i c a  1 e s t i m a t i o n s  
down t o  0 . 0 1  p g  of t h e  e l e m e n t .  

T h e  g a m m a - r a y  s p e c t r u m  o f  Tc 'O0  
p r o d u c e d  by M o X o o ( d , 2 n )  was o b s e r v e d  
f o r  t h e  f i r s t  t i m e .  No e v i d e n c e  f o r  
t h e  r a d i a t i o n s  o f  T c g 8  f o r m e d  by a 
p r o l o n g e d  d e u t e r o n  i r r a d i a t i o n  o f  
e n r i c h e d  Mog8 h a s  been f o u n d ,  s u g g e s t -  
i n g  a v e r y  l o n g  h a l f - l i f e .  D e c a y  
schemes  f o r  t h e  2 . 7 - d a y  A U ' ~ '  and  f o r  
8 . 0 - d a y  I"' h a v e  b e e n  w o r k e d  o u t  
b e c a u s e  o f  t h e  i m p o r t a n c e  o f  t h e s e  
i s o t o p e s  a s  r a d i o a c t i v e  s t a n d a r d s  
a n d  a s  t h e r a p e u t i c  a g e n t s ,  r e s p e c t i v e l y .  
T h e  new gamma t r a n s i t i o n s  a t  680 and 
1090 kev  i n  A u l g 8  and  t h e i r  c o i n c i d e n t  
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b e t a - r a y  g r o u p  o f  2 9 0  f 15 k e v  maximum 
e n e r g y  were shown  t o  b e  p r e s e n t  i n  
r o u g h l y  1% o f  t h e  d i s i n t e g r a t i o n s ,  s o  
t h a t  e r r o r s  o f  o n l y  a few p e r c e n t  h a v e  
been i n v o l v e d  i n  p r e v i o u s  measu remen t s  
i n  which A u l g 8  was u s e d  a s  a s t a n d a r d .  
T h e  d e t a i l s  o f  t h e  c o m p l e x  d e c a y  
s c h e m e  o f  I '31 were a l s o  e l u c i d a t e d  
u s i n g a m a g n e t i c - l e n s  b e t a  s p e c t r o m e t e r  
t o g e t h e r  w i t h  a s c i n t i l l a t i o n - c o u n t e r  
s p e c t r o m e t e r  i n  a c o i n c i d e n c e - c i r c u i t  
a r r a n g e m e n t  . 

NUCLEAR CHEMISTRY 

T h e  n u c l e a r  s p i n  a n d  q u a d r u p o l e  
moment  o f  4 . 4  x l o 5  y e a r  C 1 3 6  h a v e  
been  d e t e r m i n e d  by mic rowave  m e a s u r e -  
m e n t s  on  t h e  h y p e r f i n e  s t r u c t u r e  o f  
CH3C136. T h e  s p i n  v a l u e  I = 2 ,  r e -  
p o r t e d  e a r l i e r  by Townes a n d  Aamodt, 
w a s  c o n f i r m e d ,  a n d  a s o m e w h a t  m o r e  
a c c u r a t e  v a l u e  o f  - 0 . 0 1 6 8  x c m  
f o r  t h e  q u a d r u p o l e  moment was  f o u n d .  
F u r t h e r  measu remen t s  on t h e  q u a d r u p o l e  
s p e c t r a  o f  v a r i o u s  p o l y h a l o g e n  s u b -  
s t i t u t e d  m e t h a n e s  h a v e  i n d i c a t e d  
a n o m a l o u s  e f f e c t s  r e s u l t i n g  f r o m  t h e  
s u b s  t i  t u  t i o n  o f  f l u o r i n e .  T h e s e  
e f f e c t s  a r e  e x p l a i n e d  by t h e  a s s u m p t i o n  
t h a t  t h e  i n t r o d u c t i o n  o f  f l u o r i n e  i n t o  
t h e  m o l e c u l e  i n d u c e s  a s m a l l  amount o f  
d o u b l e - b o n d  c h a r a c t e r  i n  t h e  C - C 1  
( o r  C - R r )  l i n k a g e .  
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An i m p o r t a n t  improvement  i n  n e u t r o n  
d i f f r a c t i o n  t e c h n i q u e s  f o r  low symmetry 
s t r u c t u r e  d e t e r m i n a t i o n s  may r e s u l t  
f r o m  r e c e n t  s t u d i e s  o f  t h e  s i n g l e  
c r y s t a l  m e t h o d .  E m p i r i c a l  t e s t s  w i t h  
a 7 . 3  cu mm volume NaCl c r y s t a l  u s i n g  
a m e t a l - c r y s t a l  m o n o c h r o m a t o r  h a v e  
been d e c i d e d l y  e n c o u r a g i n g ,  t h e o r e t i c a l  
p r e d i c t i o n s  t o  t h e  c o n t r a r y ,  a n d ,  i f  
t h i s  c a s e  p r o v e s  t o  be  t y p i c a l ,  t h e  
s i n g l e - c r y s t a l  m e t h o d  w i l l  b e  q u i t e  
p r a c  t i c a  1. 

T h e  k i n e t i c s  o f  t h e  B r 2 . - B r O ? -  
i s o t o p i c  e x c h a n g e  r e a c t i o n  i n  a c i d  
s o l u t i o n s  h a v e  b e e n  e x a m i n e d .  T h e  
a n t i c i p a t e d  e x p o n e n t i a l  r a t e  l a w  was 
n o t  w e l l  obeyed ,  p o s s i b l y  owing t o  t h e  
s l o w  f o r m a t i o n  o f  e q u i l i b r i u m  a m o u n t s  
o f  HBrO w h i c h  u n d e r g o e s  a r a p i d  e x -  
change  w i t h  B r 2 .  

RADIO-ORGANIC CHEMISTRY 

Radiation Chemistry. T h e  e f f e c t s  
o f  gamma r a d i a t i o n  f r o m  a 3 0 0 - c u r i e  
c o d '  s o u r c e  upon a q u e o u s  s o l u t i o n s  o f  
C 1 4 - l a b e l e d  b e n z o i c  a n d  a c e t i c  a c i d s  
have  been s t u d i e d .  

F i f t y - t w o  s e p a r a t e  i r r a d i a t i o n s  o f  
a q u e o u s  c a r b o x y l  - l a b e l e d  b e n z o i c  a c i d  
h a v e  g i v e n  d a t a  r e l a t i n g  t h e  e x t e n t  o f  
d e c a r b o x y l a t i o n  t o  t i m e  of i r r a d i a t i o n .  
T h e  i n h i b i t o r y  a c t i o n s  o f  s o d i u m  
c h l o r i d e  a n d  s o d i u m  b r o m i d e  f o r  t h e  
d e c a r b o x y l a t i o n  o f  a q u e o u s  b e n z o i c  
a c i d  h a v e  been  d e t e r m i n e d  f o r  i r r a d i -  
a t i o n  t i m e s  u p  t o  3 0  m i n .  T h e  n o n -  
v o l a t i l e  p r o d u c t s  o f  i r r a d i a t i o n  h a v e  
been  i s o l a t e d  by p a p e r  c h r o m a t o g r a p h y  
a n d  i s o t o p e  d i l u t i o n  m e t h o d s .  T h e  
f o r m a t i o n  o f  n - h y d r o x y b e n z o i c ,  p -  
h y d r o x y b e n z o i c ,  a n d  s a l i c y l i c  a c i d s  
h a s  been d e m o n s t r a t e d .  

I n  f i v e  i r r a d i a t i o n s  o f  a q u e o u s  
s o l u t i o n s  o f  a c e t i c - l - C 1 4  a c i d  a n d  
a c e t i c - 2 - C 1 4  a c i d  t h e  f o r m a t i o n  o f  
c a r b o n  d i o x i d e ,  c a r b o n  m o n o x i d e ,  
s u c c i n i c  a c i d ,  a n d  g l y c o l i c  a c i d  h a s  
b e e n  d e m o n s t r a t e d .  A n o t h e r  compound 
o f  u n d e t e r m i n e d  s t r u c t u r e  h a s  b e e n  
i s o l a t e d .  

Analytical Chemistry. A d o u b l e  
i o n - c h a m b e r  a p p a r a t u s  h a s  b e e n  d e  - 
v e l o p e d  and u t i l i z e d  f o r  t h e  d e t e r m i -  
n a t i o n  o f  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  
i n  p a p e r  c h r o m a t o g r a m s  o f  m i x t u r e s  o f  

2 
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l a b e l e d  compounds.  T h i s  t e c h n i q u e  i s  
much s i m p l e r  t h a n  r a d i o a u t o g r a p h i c  
t e c h n i q u e s  a n d  a l l o w s  m o r e  r a p i d  
a n a l y s i s  o f  r e s u l t s  when a p p l i e d  t o  
o n e - d i m e n s i o n a l  p a p e r  ch romatograms .  

Preparative Chemistry. The f o l l o w -  
i n g  low- a n d  i n t e r m e d i a t e - m o l e c u l a r -  
w e i g h t  compounds h a v e  been  p r e p a r e d :  
m e t h a n o l - C 1 4 ,  600 mc; sod ium a c e t a t e -  
2 - C 1 4 ,  5 7 3  mc;  a c e t i c - 2 - C 1 4  a c i d ,  
3 8 0  mc; c h l o r o a c e t i c - 2 - C 1 4 ,  3 8 0  mc; 
and  m a l o n i c - 2 - C 1 4 ,  92 mc. 

Synthesis of High-Molecular-Weight 
Compounds Containing C14. E x p e r i m e n t s  
a r e  i n  p r o g r e s s  which s h o u l d  e s t a b l i s h  
t h e  p o s i t i o n  o f  C14 l a b e l i n g  i n  t h e  1- 
m e t h y l p h e n a n t h r e n e  wh ich  was p r e p a r e d  
p r e v i o u s  l y  t h r o u g h  a Wagner r e a r r a n g e -  
men t o f  1 - m e  t h y  1 - 9 -  f l u o r e n  y 1 ( c a r b i n o  1 - 
C ' , ) .  D e g r a d a t i o n  p r o d u c t s  o f  t h e  
1 -me t h y 1  p h e n a n  t h  r e n e  w h i c h  h a v e  b e e n  
i s o l a t e d  a r e  1-methylphenanthraquinone 
and  3 - m e t h y l d i p h e n i c  a c i d .  

Mechanism Studies of Organic Re- 
actions. T h e  r e v e r s i b i l i t y  o f  t h e  
F r i e d e l - C r a f t s  a c y l a t i o n  r e a c t i o n  i s  
u n d e r  s t u d y .  Of t h e  k e t o n e s  s t u d i e d  
n o  r e v e r s i b l e  r e a c t i o n  h a s  a s  y e t  been  
found . 

T h e  a l k a l i n e  r e a r r a n g e m e n t  o f  
~,u-dibromo(propio-l-C'~)-phenone h a s  
been  shown t o p r o c e e d  w i t h  p h e n y l  g roup  
m i g r a t i o n .  

T h e  a l k a l i n e  r e a r r a n g e m e n t  o f  p -  
rne thoxybenz i l  h a s  been  shown t o  p r o c e e d  
w i t h  35% m i g r a t i o n  o f  t h e  a n i s y l  g r o u p  
a n d  65% m i g r a t i o n  o f  t h e  p h e n y l  g r o u p .  

T h e  m i g r a t o r y  a p t i t u d e s  of  s e v e r a l  
s u b s t i t u t e d  a r y l  g r o u p s  a r e  u n d e r  s t u d y  
t h  rough  t h e  a c  i d  - c a t  a 1 y z e d  r e a  r r a n g e  - 
ment o f  u , a - d i s u b s t i t u t e d  e t h a n o l s .  

D u r i n g  t h e  s t u d y  o f  t h e  d i s p l a c e -  
m e n t  o f  f o r m y l  g r o u p s  from a l d e h y d e s  
by a l k a l i n e  f o r m a l d e h y d e  s o l u t i o n ,  i t  
h a s  been shown t h a t  p h e n y l a c e t a l d e h y d e  
a n d  a n t h r o n e  c a n n o t  b e  d i r e c t l y  
f o r m y l a t e d  by t h e  u s u a l  t e c h n i q u e s .  

The r e a r r a n g e m e n t  o f  ( e t h y l - 2 - C 1 4 )  - 
b e n z e n e  i n  t h e  p r e s e n c e  o f  a l u m i n u m  
c h l o r i d e  i s  u n d e r  i n v e s t i g a t i o n .  

Group Publication for Quarter in 
the Open Literature. A p a p e r  by C. J .  
C o l l i n s  and 0. K .  N e v i l l e ,  "C14 T r a c e r  
S t u d i e s  i n  t h e  R e a r r a n g e m e n t  o f  Un- 
s y m m e t r i c a l  a - D i k e t o n e s .  1 1 .  T h e  
A l k a l i n e  R e a r r a n g e m e n t  o f  B e n z y l i d e n e -  
a c e t o p h e n o n e  O x i d e ,  " was p u b l i s h e d  i n  
J. Am. Chem. S O C .  73, 2 4 7 1 - 3  ( 1 9 5 1 ) .  

CHEMISTRY OF SEPARATION PROCESSES 

Work i s  i n  p r o g r e s s  on t h e  r e m o v a l  
o f  P a 2 3 3  from n e u t r o n - i r r a d i a t e d  ThF,. 
E x p e r i m e n t a l  p r o c e d u r e s  a r e  b e i n g  
c o n s i d e r e d  t o  d e t e r m i n e  t h e  s o l u b i l i t y  
o f  t h e  f l u o r i d e s  o f  u r a n i u m  a n d  o f  
f i s s i o n  p r o d u c t s  i n  a n h y d r o u s  HF. 
The  p h a s e  s t u d y  o f  t h e  s y s t e m  UO,F,- 
HF-H,O, now c o m p l e t e  up t o  42% HF a t  
25"C,  w i l l  be c a r r i e d  t o  h i g h e r  c o n -  
c e n t r a t i o n s  o f  HF, a n d  t h e  s o l u b i l i t y  
o f  UO,F i n  a n h y d r o u s  HF a s  a f u n c t i o n  
o f  t e m p e r a t u r e  w i l l  be s t u d i e d .  

The k e r o s e n e  d i l u e n t  c u r r e n t l y  u s e d  
i n  t h e  P u r e x  p r o c e s s  r e a c t s  w i t h  5 M 
HNO, a b o v e  1 0 0 ° C  t o  g i v e  n i t r a t i o n  
p r o d u c t s  and c a r b o x y l i c  a c i d s .  T h e s e  
p r o d u c t s  c o u l d  a d v e r s e l y  a f f e c t  t h e  
p r o c e s s  i f  e l e v a t e d  t e m p e r a t u r e s  were 
u s e d .  

A c o u n t i n g  t e c h n i q u e  f o r  s o l u t i o n s  
c o n t a i n i n g  P32 h a s  s p e e d e d  t h e  e s t i -  
m a t i o n  of  t h e  o r g a n i c  p h o s p h a t e s  b e i n g  
s t u d i e d .  
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The s o l u b i l i t y  o f  t r i b u t y l  p h o s p h a t e  
i s  low i n  most o f  t h e  a q u e o u s  s o l u t i o n s  
t e s t e d ,  b u t  t h e  a p p a r e n t  s o l u b i l i t y  
may a p p e a r  h i g h e r  b e c a u s e  o f  e m u l s i -  
f i c a t i o n  by p r o c e s s e s  t h a t  a r e  n o t  
y e t  c o n t r o l l e d .  

T h e  r a t e  o f  h y d r o l y s i s  o f  TBP i s  
s l o w  a t  2 5 ° C  b u t  i s  much f a s t e r  a t  
75°C .  H y d r o c h l o r i c  a c i d  h y d r o l y z e d  
TBP f a s t e r  t h a n  n i t r i c  a c i d  a t  75°C. 

Work on s e p a r a t i o n  by e l e c t r o -  
m i g r a t i o n  t h r o u g h  Dowex-50  h a s  b e e n  
s u s p e n d e d  . 

CHEMICAL PHYSICS 

I n  t h e  f i r s t  e x p e r i m e n t s  w i t h  t h e  
h i g h -  t e m p e r a t u r e  X - r a y - d i f  f r a c t i o n  
a p p a r a t u s  t h e  p a t t e r n s  o f  t h e  c u b i c  
and t e t r a g o n a l  h i g h -  t e m p e r a t u r e  c r y s t a l  
m o d i f i c a t i o n s  o f  t h e  c o m p o u n d s  z i r -  
c o n i u m  a n d  h a f n i u m  d i o x i d e  w e r e  r e -  
c o r d e d  a t  1540°C.  

The m e t a s t a b l e  y e l l o w  h i g h - t e m p e r a -  
t u r e  c r y s t a l  m o d i f i c a t i o n  o f  l e a d  
o x i d e ,  PbO, w a s  f ound  t o  be p a r t i a l l y  
t r a n s f o r m e d  i n  a C h a l k  R i v e r  p i l e  
i r r a d i a t i o n  i n t o  t h e  s t a b l e ,  r e d ,  
l o w - t e m p e r a t u r e  form.  The s i m u l t a n e o u s  
f a i l u r e  of t h e  r e d  fo rm t o  c o n v e r t  t o  
t h e  y e l l o w  may b e  c o n s i d e r e d  a s  a n  
a rgumen t  a g a i n s t  t h e  s o - c a l l e d  " t h e r m a l  
s p i k e "  t h e o r y  o f  r a d i a t i o n  damage. 

E x p e r i m e n t a l  w o r k  i s  b e i n g  s t a r t e d  
on f u s e d  s a l t - - m e t a l  s y s t e m s ,  s u c h  a s  
Ca -t CaC1,  o r  Na -t N a F ,  c o n t a i n i n g  
e i t h e r  s u b h a l i d e s  o r  s o l v a t e d  m e t a l  
a t o m s ,  w h i c h  a r e  e x p e c t e d  t o  e x h i b i t  
i n t e r e s t i n g  p r o p e r t i e s  i n  r e g a r d  t o  
c o r r o s i o n  and  t h e r m a l  c o n d u c t i v i t y .  

The r e s u l t s  o f  thermodynamic compu- 
t a t i o n s  on r e a c t i o n s  o f  m e t a l s  w i t h  
sod ium h y d r o x i d e  h a v e  been t a b u l a t e d .  

REACTOR CHEMISTRY 

Emphas i s  on v a p o r  p r e s s u r e  m e a s u r e -  
m e n t s  o f  a q u e o u s  s o l u t i o n s  o f  UO,SO,, 
UO,(NO,),, and  UO,F, h a s  b e e n  s h i f t e d  
f r o m  t h e  l o w e r  r a n g e  t o  t e m p e r a t u r e s  
from 1 5 0  t o  300°C. 

C o n d u c t i v i t y  measu remen t s  o f  aqueous  
s o l u t i o n s  o f  u r a n i u m  s a l t s  w i l l  b e  
made between 1 0 0  and 300°C. T h e  s t u d y  
o f  t h e  s o l u b i l i t y  o f  f i s s i o n  p r o d u c t s  
i n  u r a n y l  s u l f a t e  s o l u t i o n s  w i l l  be 
e x  t e n d e d  above 100°C. 

S t u d i e s  o f  c o r r o s i o n  a n d  s o l u t i o n  
s t a b i l i t y  h a v e  b e e n  c o n t i n u e d  b o t h  i n  
a n d  o u t  o f  t h e  p i l e .  The p r e s e n c e  o f  
f r e e  oxygen  i s  n e c e s s a r y  t o  m a i n t a i n  
t h e  p a s s i v i t y  o f  3 4 7  s t a i n l e s s  s t e e l  
a t  25OoC. The m a i n t e n a n c e  f o r  s e v e r a l  
w e e k s  o f  p r e s s u r e  w e l l  a b o v e  s t e a m  
p r e s s u r e  i n  s o l u t i o n s  o f  e n r i c h e d  
UO,SO, i n  s t a i n l e s s  s t e e 1  bombs e x p o s e d  
t o  t h e  f u l l  f l u x  o f  t h e  X - 1 0  p i l e  
i n d i c a t e s  t h e  s t a b i l i t y  o f  t h e  s o l u t i o n  
u n d e r  t h e s e  c o n d i t i o n s .  

The s o l u b i l i t i e s  o f  La,(SO,) ,  a n d  
o f  C e 2 ( S 0 , ) ,  i n  w a t e r  h a v e  b e e n  d e -  
t e r m i n e d  up  t o  350°C a n d  w i l l  b e  r e -  
p o r t e d  i n  t h e  HRE q u a r t e r l y  r e p o r t .  
T h e  e l e c t r o c h e m i c a l  s t u d y  o f  c o r -  
r o s i o n  o f  s t a i n l e s s  s t e e l  and  o f  o t h e r  
m e t a l s  h a s  been  c o n t i n u e d .  D i s c o v e r y  
o f  c o n t a m i n a t i o n  o f  UO,SO, by o r g a n i c  
m a t e r i a l s  r a i s e s  a q u e s t i o n  a s  t o  
i n t e r p r e t a t i o n  o f  r e s u l t s .  E x p e r i -  
m e n t s  w i l l  be r e p e a t e d  u s i n g  p u r i f i e d  
s a l t s .  S p e c i m e n s  o f  s t a i n l e s s  s t e e l  
f r e s h l y  p a s s i v a t e d  i n  HNO, o r  CrO,  
s o l u t i o n  show a p o s i t i v e  p o t e n t i a l  o f  
m o r e  t h a n  7 0 0  mv t o w a r d  a c a l o m e l  
e l e c t r o d e .  A d d i t i o n  o f  c h l o r i d e  i o n  
d e s t r o y s  p a s s i v a t i o n  a p p a r e n t l y  by 
d i s r u p t i n g  t h e  p a s s i v e  f i l m  by r emova l  
o f  oxygen .  A n o d i c  t r e a t m e n t  was a l s o  
d e t r i m e n t a l  t o  t h e  p a s s i v e  f i l m .  
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F u r t h e r  e x p e r i m e n t s  w i t h  a n o d i c  t r e a t -  
m e n t  i n  HNO, and  c a t h o d i c  t r e a t m e n t  
i n  CrO, s o l u t i o n  a r e  b e i n g  made. 

RADIATION CHEMISTRY 

T h e  v a l u e  G = 1 5 . 5  k 0 . 3  F e + +  
o x i d i z e d  p e r  1 0 0  e v  h a s  been  c o n f i r m e d  
by new m e a s u r e m e n t s ,  u s i n g  new c a l o r i -  
m e t r i c  m e a s u r e m e n t s  o f  g a m m a - r a y  
e n e r g y  a t  i n t e n s i t i e s  o f  1 5 0 0 ,  4500,  
and  1 5 , 0 0 0  r / m i n .  The  y i e l d  was a l s o  
c o n f i r m e d  by u s e  o f  a n  i o n  chamber  o f  
p o l y s t y r e n e .  

T h e  y i e l d  f o r  r e d u c t i o n  o f  C e 4 +  i n  
a i r - s a t u r a t e d  0 .4  M H,SO, i s  2 . 4 6  C e 4 +  
r e d u c e d  p e r  1 0 0  e v .  T h e  r a t i o  o f  
y i e l d s ,  1 5 . 5  F e + + / 2 . 4 6  C e 4 +  = 6 . 4 ,  
a g r e e s  w i t h  H a r d w i c k ' s  2 0 . 8 / 3 . 3 ,  t h u s  
i n d i c a t i n g  t h a t  t h e  d i s c r e p a n c y  l i e s  
i n  t h e  e n e r g y  m e a s u r e m e n t .  A program 
was begun t o  d e t e r m i n e  t h e  s t e a d y  s t a t e  
o f  g a s e s  e v o l v e d  by gamma r a d i a t i o n  o f  
s o l u t i o n s  o f  Na,SO,, H,PO,, NaOH, KBr, 
and UO,SO,. 

A new method  h a s  b e e n  u s e d  for t h e  
d e t e r m i n a t i o n  o f  p h e n o l  i n  d i l u t e  
a q u e o u s  s o l u t i o n  w h i c h  i s  n o t  i n t e r -  
f e r e d  w i t h  by b e n z e n e  or H,O,. T h e  
m e t h o d  d e p e n d s  on t h e  c h a n g e  i n  t h e  
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  upon  
mak ing  t h e  s o l u t i o n  a l k a l i n e .  I n  a n  
o x y g e n - s a t u r a t e d  s o l u t i o n  o f  b e n z e n e  
t h e  i n i t i a l  y i e l d  o f  p h e n o l  i s  2 . 8 0  
p e r  1 0 0  e v .  From t h e  w o r k o f H o c h a n a d e 1  
a n d  of H a r t  i n  t h e  a v a i l a b l e  f r e e  
r a d i c a l s  o f  OH, i t  t h u s  a p p e a r s  t h a t  
e a c h  r e s u l t s  i n  t h e  f o r m a t i o n  o f  o n e  
m o l e c u l e  o f  p h e n o l .  I n  a d d i t i o n ,  a 
y i e l d  o f  2 . 9 1  H,O, p e r  e l e c t r o n  v o l t  

w a s  f o u n d .  T h e  r e a c t i o n  m e c h a n i s m s  
a r e  d i s c u s s e d .  

A d e f i n i t e  t e s t  o f  t h e  r e a l i t y  o f  
t h e  e f f e c t  o f  gamma r a d i a t i o n  i n  
d i m i n i s h i n g  t h e  c a t a l y t i c  a c t i v i t y  o f  
ZnO i s  e x p e c t e d  s o o n .  

INSTRUMENTATION 

S e v e r a l  i m p o r t a n t  e f f o r t s  d i r e c t e d  
t o w a r d  i m p r o v i n g  t h e  e l e c t r o n i c  i n -  
s t r u m e n t a t i o n  f o r  n u c l e a r  c h e m i c a l  
r e s e a r c h  a r e  b e i n g  c o n d u c t e d :  

1. A v e r y  u s e f u l  m e r c u r y - r e l a y  
p u l s e  g e n e r a t o r  f o r  c h e c k i n g  
p u l s e  a m p l i f i e r s  was d e s i g n e d  
and t e s t e d .  

2 .  A p r e v i o u s l y  d e s c r i b e d  s i n g l e -  
c h a n n e l  d i f f e r e n t i a l  d i s c r i m i -  
n a t o r  c i r c u i t  h a s  been i m p r o v e d  
s o  a s  t o  g i v e  a d e q u a t e  p e r -  
f o r m a n c e  a t  v e r y  h i g h  c o u n t i n g  
r a t e s .  A t u b e  a g i n g  p r o g r a m  i s  
b e i n g  i n i t i a t e d  w i t h  t h e  v i e w  o f  
b e t t e r i n g  t h e  l o n g  t ime s t a b i l i t y  
o f  t h i s  c i r c u i t .  

3. Two new p u l s e - h e i g h t  a n a l y z e r s  
a r e  b e i n g  r e a d i e d .  One o f  t h e s e  
w i l l  be  a g e n e r a l  p u r p o s e  2 0 -  
c h a n n e l  e n e r g y  a n a l y z e r ,  and t h e  
o t h e r  w i l l  b e  b a s e d  o n  t h e  
r e c e n t l y  d e v e l o p e d  DuMont 1 0 -  
c h a n n e l  g a t i n g  t u b e  ( K  1 3 5 9 ) .  

4 .  H i g h -  v o l t a g e  p o w e r  s u p p l i e s  
c a p a b l e  o f  g i v i n g s t a b l e  o p e r a t i o n  
w i t h  s c i n t i l l a t i o n  and w i t h  p r o -  
p o r t i o n a l  c o u n t e r s  o v e r  l o n g  
p e r i o d s  o f  t i m e  a r e  b e i n g  s t u d i e d .  
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AQUEOUS BENZENE-TTA E X T R A C T I O N  METHOD 
FOR AQUEOUS THORIUM S T U D I E S  

W .  C.  Waggener and  R .  W .  S t o u g h t o n  

S t u d y  o f  t h e  aqueous  t h o r i u m  t h e n o y l -  
t r i f l u o r o a c e t o n e  ( T T A )  s y s t e m  i s  
c o n t i n u i n g  a s  o u t l i n e d  i n  t h e  p r e c e d i n g  
q u a r t e r l y  r e p o r t . ( ' )  

T h e  n a t u r e  o f  t h e  s o l i d  t h o r i u m  
p e r c h l o r a t e  u s e d  t o  p r e p a r e  a q u e o u s  
s o l u t i o n s  o f  t h o r i u m  i s  a l s o  b e i n g  
i n v e s t i g a t e d .  I t  i s  p l a n n e d  t o  i s s u e  
a c o m p l e t i o n  r e p o r t  w i t h i n  t h e  n e x t  
q u a r t e r  c o v e r i n g  t h i s  work. 

U N D I S S O C I A T E D  S P E C I E S  AND D I M E R I Z A T I O N  
I N  AQUEOUS S O L U T I O N S O F  URANYL F L U O R I D E  

J.  S .  Johnson  and K. A. K r a u s  

C .  H .  S e ~ o y ( ~ )  h a s  m e a s u r e d  t h e  
f r e e z i n g  p o i n t  d e p r e s s i o n s ,  8 ,  o f  
a q u e o u s  s o l u t i o n s  o f  u r a n y l  f l u o r i d e ,  
a n d  f r o m  t h e s e  d a t a  h a s  c a l c u l a t e d  
the mean f o r m a l  a c t i v i t y  c o e f f i c i e n t s  
yt f by t h e  s t a n d a r d  e q u a t i o n ( 3 )  

where j = 1 - @/hum, m i s  t h e  m o l a l i t y ,  
c i s  a c o n s t a n t  d e p e n d e n t  on t h e  

("W. C. Waggener and R. W. StoughLon, ' I  Aque- 
ous-Benzene-TTA Extraction Method, C h e m i s t r y  
D i v i s i o n  Q u a r t e r l y  P r o g r e s s  R e p o r t  o r  P e r i o d  
Ending March 31 ,  1951, OWL-1053, p. fs (Oct. 5, 
1951). 

" The Mean Activity Coeffi- 
cient:,of Uranyl Fluoride in Water Solutions at 
25OC, C h e m i s t r y  D i v i s i o n  Q u a r t e r l y  P r o g r e s s  
R e p o r t  for  P e r i o d  Ending June 30, 1950, OWL-795, 
p. 28 (Oct. 3, 1950). 

(3)G, N. Lewis and M. Randall, Thermodynamics 
and t h e  F r e e  E n e r g y  of  C h e m i c a l  S u b s t a n c e s ,  
p. 347, McGraw-Hill, New York, 1923. 

(2)C. H. Secoy, 

s o l v e n t ,  v i s  t h e  n u m b e r  o f  m o l e s  o f  
p a r t i c l e s  p e r  m o l e  o f  s o l u t e ,  a n d  
h i s  t h e  f r e e z i n g  p o i n t  d e p r e s s i o n  
c o n s t a n t  ( 1 . 8 6 0 ) .  C o m p l e t e  d i s s o c i a -  
t i o n  i n t o  U O Z t t  a n d  2F'  was a s s u m e d ;  
i . e . ,  V ,  t h e  number  o f  m o l e s  o f  p a r -  
t i c l e s  p e r  m o l e  o f  s o l u t e ,  was t a k e n  
a s  3 .  E x t r e m e l y  s m a l l  v a l u e s  o f  ytf 
were f o u n d  ( s e e  F i g .  l . l ) ,  i n d i c a t i i i g  
t h a t  o n l y  a s m a l l  f r a c t i o n  o f  t h e  
s o l u t e  i s  c o m p l e t e l y  d i s s o c i a t e d .  

T h i s  f r a c t i o n  a c a n  r e a d i l y  b e  
e s t i m a t e d  from t h e  e q u a t i o n ( 4 )  

where  yt i s  t h e  mean a c t i v i t y  c o e f f i -  
c i e n t  o f  t h e  i o n s .  S i n c e ,  by c o m p a r i -  
s o n  w i t h  s t r o n g  2 : l  e l e c t r o l y t e s ,  
y, a l m o s t  c e r t a i n l y  i s  l a r g e r  t h a n  
0 . 5 ,  a may b e  e s t i m a t e d  f r o m  t h e  
d a t a  o f  F i g .  1 . 1  t o  b e  l e s s  t h a n  
0 . 2 6 ,  0 . 0 5 ,  0 .  0 0 9 ,  a n d  0 . 0 0 3 2  i n  
0 . 0 1 ,  0 . 1 ,  1 . 0 ,  a n d  5 . 0  m s o l u t i o n s ,  
r es pe c t i  v e  1 y . The re f o r  e i n  c omp l e  t e  1 y 
d i s s o c i a t e d  a n d  p o s s i b l y  p o l y m e r i c  
s p e c i e s  m u s t  p r e d o m i n a t e  a t  t h e s e  
c o n c e n t r a t i o n s .  S i n c e  t h e  c o n d u c t i v i t y  
o f  u r a n y l  f l u o r i d e  s o l u t i o n s  i s  v e r y  

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

( 4 ) H .  S. Harned and €3. B. Owen, P h y s i c a l  
C h e m i s t r y  o f  E l e c t r o l y t i c  S o l u t i o n s ,  2d ed, 
p. 146, Reinhold, New York, 1950. 

( ' ) G .  R. Dean, P r o p e r t i e s  o f  Uranyl  F l u o r i d e ,  
Metallurgical Laboratory Report E-2092 (Sept. 11, 
1944). 

(6)F. W. Tober and C. E. Larson, A p p l i c a t i o n  
o f  C o n d u c t i v i t y  M e a s u r e m e n t s  t o  a S t u d y  o f  
( a )  Complex Format ion  B e t w e e n  "02 and F- and A 1  
and F - .  ( b )  T i t r a t i o n  o f  F- I o n  u i t h  H I o n ,  
TEC Y-li report 0.375.2 (Sept. 25, 1945). 
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F i g .  1.1 - Activity Coefficients of 
UO,F,. 

d a t a  on t h e  a s s u m p t i o n  t h a t  u r a n y l  
f l u o r i d e  i s  u n d i s s o c i a t e d ,  i . e .  , u s i n g  
v = 1 i n  Eq.  ( 1 ) .  I n  t h i s  c a s e  , j / m  
a f t e r  p a s s i n g  a maximum r e a c h e s  v e r y  
n e g a t i v e  v a l u e s  a t  low c o n c e n t r a t i o n s ,  
i n d i c a t i n g  t h a t  v w a s  c h o s e n  t o o  
s m a l l  ( F i g .  1 . 2 ) .  

A l t h o u g h  t h i s  c h o i c e  o f  v makes 

j / m  dm I' 0 

o f  E q .  (1) u n b o u n d e d ,  u s e f u l  r e s u l t s  
c a n  b e  o b t a i n e d  a s s u m i n g  t h a t  v = 1 
p e r t a i n s  e v e n  a t  i n f i n i t e  d i l u t i o n  
and s e t t i n g  

j / m  d m  = - I n  p I" 0 

w h e r e  ,8 i s  a c o n s t a n t  a n d  m *  i s  some 
a r b i t r a r y  m o l a l i t y  o f  UO,F, ( i n  t h i s  
c a s e  m *  = 0 . 2 )  a t  w h i c h  d i s s o c i a t i o n  
i s  s m a l l .  From t h e  e x p e r i m e n t a l  d a t a  
f o r  m > m *  a n d  Eq. ( l ) ,  v a l u e s  o f  
y f '  c a n  t h e n  b e  c a l c u l a t e d  w h i c h  a r e  
r e l a t e d  t o  y f  by t h e  e q u a t i o n  

T h e  c a l c u l a t e d  v a l u e s  o f  l o g  y 

T h e y  f i r s t  d e c r e a s e  r a p i d l y  w i t h  m ,  
h a v e  a minimum n e a r  m - 2 , a n d  t h e n  
s l o w l y  i n c r e a s e .  T h e  c u r v e  o f  l o g  

v s .  m t h u s  d i f f e r s  g r e a t l y  f r o m  

c h a r g e d   specie^.'^) T h e  i n i t i a l  
d e c r e a s e  o f  Y s u g g e s t s  t h a t  v i s  
l e s s  t h a n  1 a n d  t h a t  d i m e r i z a t i o n  
( o r  f u r t h e r  p o l y m e r i z a t i o n )  o f  t h e  
s o l u t e  t h e r e f o r e  o c c u r s .  The i n c r e a s e  
i n  y f *  a t  h i g h  m would  t h e n  b e  due t o  
c h a n g e s  i n  t h e  a c t i v i t y  c o e f f i c i e n t s  
o f  t h e  v a r i o u s  s p e c i e s .  

f o r  UO,F ,  a r e  s h o w n  i n  F i g .  1. f . 

Yf t e ' l i n e a r  p l o t  e x p e c t e d  f o r  a n  u n -  

- 

f 

I t  w i l l  b e  a s s u m e d  t h a t  o n l y  d i -  
m e r i z a t i o n  o c c u r s a n d  t h a t  t h e  a c t i v i t y  
c o e f f i c i e n t s  y 1  a n d  7 ,  o f  t h e  u n -  
d i s s o c i a t e d  m o n o m e r  a n d  d i m e r  a r e  
g i v e n  by t h e  e q u a t i o n s  

w h e r e  b ,  a n d  b ,  a r e  c o n s t a n t s  and  m 
i s  t h e  f o r m a l  s o l u t e  m o l a l i t y . ( 7 s 8 )  
F u r t h e r ,  i t  a p p e a r s  r e a s o n a b l e  t h a t  

b y  a n a l o g y  w i t h  n o n e l e c t r o s t a t i c  
i n t e r a c t i o n  t e rms  i n  e q u a t i o n s  d e -  
v e l o p e d  b y  S c a t c h a r d  a n d  E p s t e i n . ( ' )  

(')Harried and Owen, o p .  c t t . ,  p. 209. 
( 8 ) G .  S c a t c h a r d  and L. F. E s t e i n ,  " T h e  

Calcu la t ion  o f  the  Thermodynamic b r o p e r t i e s  an$ 
t h e  A s s o c i a t i o n  of  E l e c t r o l y t i c  S o l u t i o n s ,  
Chem. Reus .  30, 211 (1942). 

7 
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The monomer-dimerequilibriumconstant, 
K , ,  f o r  t h e  r e a c t i o n  2U02F2 i- 
(U02F2), w i l l  t h e n  be 

( 7 )  

T h e  a c t i v i t y  o f  t h e  monomer a,  c a n  b e  
e x p r e s s e d  by t h e  e q u a t i o n  

- - - - 
Q, - af - myf - Pmyf* - mlyl ( 8 )  

w h e r e  af i s  t h e  f o r m a l  a c t i v i t y  c a l -  
c u l a t e d  o n  t h e  b a s i s  t h a t  a l l  s o l u t e  
i s  i n  t h e  f o r m  o f  t h e  u n d i s s o c i a t e d  
monomer. 

S '  i n c e  

( 9 )  - m - m ,  t 2m2 

and  h e n c e ,  f r o m  Eq. (71, 

(10) 

c o m b i n a t i o n  o f  E q s . ( 4 )  and  ( 8 )  y i e l d s  

(J8Kdm + 1 - 1) 
4Kd 

log  af* - l og  

T h e r e  s h o u l d  t h u s  b e  a v a l u e  o f  Kd 
which  would y i e l d  a s t r a i g h t  l i n e  w i t h  
s l o p e  b, and  i n t e r c e p t  - l o g  ,8 i f  t h e  
l e f t  s i d e  o f  E q .  (11) were p l o t t e d  
a g a i n s t  m. L i n e a r i t y  ( w i t h i n  e x -  
p e r i m e n t a l  e r r o r )  i s  o b t a i n e d  o v e r  a 
l a r g e  r a n g e  o f  v a l u e s  o f  K, ( f o r  
2 < K, < 9 1 ,  a l t h o u g h  i n  a l l  c a s e s  
t h e  s l o p e  g i v e s  a v a l u e  f o r  b, o f  
0 . 0 9  f 0.01. H e n c e ,  a l t h o u g h  t h e  
e x a c t  e x t e n t  o f  d i m e r i z a t i o n  i s  n o t  
e s t a b l i s h e d ,  m o s t  o f  t h e  u r a n i u m  i s  
i n  t h e  f o r m  o f  a d i m e r  a t  c o n c e n t r a -  
t i o n s  above  0 . 5  m ,  and  t h e  l o g a r i t h m s  

o f  t h e  a c t i v i t y  c o e f f i c i e n t s  f o l l o w  
t h e  s u g g e s t e d  l i n e a r  l a w s  [ E q s .  ( 4 1 ,  
(51, and (611. 

D i s s o c i a t i o n  o f  t h e  U 0 2 F 2  i n t o  t w o  
p a r t i c l e s  h a s  b e e n  i g n o r e d  i n  t h i s  
t r e a t m e n t . ( g )  F r o m  t h e  n e g a t i v e  
v a l u e s  o f  j / m  a t  l o w  c o n c e n t r a t i o n s  
a n d  t h e  p r e v i o u s  e s t i m a t e s  o f  d i s -  
s o c i a t i o n  i n t o  t h r e e  p a r t i c l e s ,  t h i s  
p r o c e s s  m i g h t  b e  e x p e c t e d  t o  b e  a p -  
p r e c i a b l e .  I t  w i l l  now b e  c o n s i d e r e d  
i n  c a l c u l a t i o n  o f  t h e  j / m  v s .  m c u r v e .  
For v a r i o u s  v a l u e s  o f  K d ,  v a l u e s  f o r  
t h e  d i s s o c i a t i o n  c o n s t a n t  

( w h e r e  m', i s  t h e  m o l a l i t y  o f  U02F2 
d i s s o c i a t e d  w i t h  v = 2, a n d  y*, t h e  
m e a n  a c t i v i t y  c o e f f i c i e n t  o f  d i s -  
s o c i a t e d  s p e c i e s )  were s e l e c t e d  s u c h  
t h a t  t h e  c a l c u l a t e d  f r e e z i n g  p o i n t  
d e p r e s s i o n  i s  e q u a l  t o  t h e  e x p e r i -  
m e n t a l  v a l u e  a t  some m o l a l i t y  a t  wh ich  
b o t h  d i s s o c i a t i o n  and  d i m e r i z a t i o n  a r e  
a p p r e c i a b l e .  I t  i s  a s s u m e d  t h a t  
l o g  y*' = b'm = (b1/2)m a n d  t h a t  t h e  
a c t i v i t y  c o e f f i c i e n t s  o f  t h e  i n -  
d i v i d u a l  s p e c i e s  ( y i )  c a n  b e  e x p r e s s e d  
b y  t h e  e q u a t i o n  

I n  y i  = - j i  - ( j i / m i )  dmi 
J 

0 

= 2.303 b i m  (13) 

(9)U02F2 s o l u t i o n s  a r e  known t o  be a c i d i c ,  
pH 3.7 t o  1.5, i n  the range 0.07 t o  5 . 4  nt. !,W. L. 
M a r s h a l l ,  J .  S. G i l l ,  and C;; H .  S e c o y ,  The 
Uranyl Fluoride-Water System, ORNL-795, o p .  c i t ,  
p .  2 2 ) .  The pH v a l u e s  are  lower than would be 
expec ted  (about  7) i f  d i s s o c i a t i o n  were s o l e l y  
t o  UO2F+ and F- and h i g h e r  than  would be e x -  
pec ted  i f  the  r e a c t i o n  were o n l y  h y d r o l y s i s  t o  
u02OHF and HF. Probably both react ions  occur. 

a 
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D i f f e r e n t i a t i o n  y i e l d s  

- d j i / d m i  - j i / m i  2.303bi d m / d m i  

= - ( l / m i )  d ( j i m i ) / d m i  1 4 )  

or 

" i  
= -2.303 [ b i m i  d m  ( 1 5 )  

J 
0 

T h e  r i g h t  h a n d  s i d e  o f  E q .  ( 1 5 )  may 
b e  i n t e g r a t e d  f o r  e a c h  s p e c i e s  by  
s u b s t i t u t i n g  f o r  d m  i t s  v a l u e  i n  
terms o f  m i ,  K ' ,  and K d .  The  e q u a t i o n  
c a n  t h e n  b e  s o l v e d  f o r  Oi. The t o t a l  
c a l c u l a t e d  f r e e z i n g  p o i n t  d e p r e s s i o n  
( h e n c e  t h e  j )  f o r  any  c o n c e n t r a t i o n  i s  
g i v e n  by t h e  sum o f  t h e  O i ' s .  

T h e  c a l c u l a t e d  j / r n  v s .  m p l o t  f o r  
K d  = 7 a n d  K '  1 . 9  x i s  shown 
i n  F i g .  1 . 2 .  The a g r e e m e n t  w i t h  e x -  
p e r i m e n t  i s  s a t i s f a c t o r y , *  i n d i c a t i n g  
a g a i n  t h a t  a l t h o u g h  b o t h  d i m e r i z a t i o n  
and d i s s o c i a t i o n  n e e d  t o  be c o n s i d e r e d  
a t  low c o n c e n t r a t i o n s ,  n e u t r a l  s p e c i e s  
p r e d o m i n a t e  a t  a h i g h e r  c o n c e n t r a t i o n .  

ANION-EXCHANGE STUDIES IN HYDROCHLORIC 
ACID SOLUTIONS 

K .  A. K r a u s  F. N e l s o n  
G.  E .  Moore G. W .  S m i t h  

Some Elements  o f  t h e  F i r s t ,  Second,  
and Third Groups. Most of t h e  e l e m e n t s  
of t h e s e  g r o u p s  i n  t h e  p e r i o d i c  t a b l e  
a r e  n o t  e x p e c t e d  t o  f o r m  n e g a t i v e l y  
c h a r g e d  c o m p l e x e s  w i t h  c h l o r i d e  i o n s  

* I t  m u s t  b e  p o i n t e d  o u t  t h a t  t h e  c o n s t a n t s  
g i v e n  a r e  v e r y  a p p r o x i m a t e  s i n c e ,  w i t h i n  t h e  

r e c i s i o n  of t h e  d a t a ,  moderate,changes i n  Kd can 
ge compensated with changes i n  K . 

UNCLASSIFIED 
DWG. 13200 

m - 

F i g .  1.2 - Values of  ] / m  f o r  U 0 2 F , .  
C u r v e  i s  c a l c u l a t e d  f o r  K d  = 7 ,  
K '  = 1 . 9  x + = e x p e r i m e n t a l  
p o i n t s  ( V  = 1 ) .  

a n d  h e n c e  s h o u l d  s h o w  n e g l i g i b l e  
a d s o r p t i o n  by a n i  on - e x  c h a n g e  r e s  i n s .  
To t e s t  t h i s  p r e d i c t i o n  t h e  a n i o n -  
e x c h a n g e  b e h a v i o r  o f  t h e  i o n s  L i t ,  Na', 
K', Rb', Cs' ,  NH,'; B e t t ,  Mg", Ca t ' ,  
Sr", Bat';  and A13', Sc3', Y3',La3', 
Yb3' was s t u d i e d  i n  7 M and 1 2  M HC1. 
The e l u t i o n  c o n s t a n t s  E were m e a s u r e d  
w i t h  a b o u t  40-cm c o l u m n s  ( a b o u t  0 . 0 4  
cm2 c r o s s - s e c t i o n a l  a r e a  A )  by d e t e r -  
m i n i n g  t h e  v o l u m e  V o f  s o l u t i o n  
n e c e s s a r y  t o  move a b a n d  o f  t h e  i o n  
i n  q u e s t i o n  o f f  t h e  c o l u m n .  T h e  
e l u e n t s  were a n a l y z e d  by v a r i o u s  s p o t  
te  s t i n g t e c h n i q u e s  . 

E w a s  c a l c u l a t e d  f r o m  t h e  e q u a -  
t i o n (  l O ) 

E = d A / V  

where  d i n  t h i s  c a s e  i s  t h e  l e n g t h  o f  
i o n - e x c h a n g e  column. 

( ' O ) K .  A. Kraus and G .  E. Moore, " Anion Ex- 
change S t u d i e s .  I .  Separa t icm of Zirconium and 
Niobium i n  HCL-HF M i x t u r e s ,  J. Am. Chen.  SOC.  
7 3 ,  9 (1951). 
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TABLE 1.1 

Elution Constants of Various Ions  

I ON 
IN 

7 M HCl 
IN 

1 2  M HC1 

L i +  
N a +  
K +  
Rb+ 
cs + 

NH%I Be 

Mg++ 

2 . 2  
2 . 6  
2 . 4  
2 . 5  
2 . 4  
2 . 2  
2 . 0  
2 . 3  

2 . 3  
2 . 7  
2 . 5  
2 . 4  
2 . 6  
2 . 5  
2 . 2  
2 . 6  

I ON 

C a + +  
S r++  
Ba++ 

sc3 + 

Y3 + 

~a~ + 

Yb3+ 

~ 1 3  + 

The r e s u l t s  o f  t h e  e x p e r i m e n t s  a r e  
summarized i n  T a b l e  1.1. 

I t  may be n o t i c e d  t h a t  t h e  e l u t i o n  
c o n s t a n t s  o f  m o s t  o f  t h e s e  e l e m e n t s  
a r e  a p p r o x i m a t e l y  2 . 5 , w h i c h  i s p r o b a b l y  
t h e  maximum v a l u e  when n o  a d s o r p t i o n  
t a k e s  p l a c e .  S i n c e  

E = l/(L + D )  

where i i s  t h e  f r a c t i o n a l  i n t e r s t i t i a l  
s p a c e  a n d  D t h e  d i s t r i b u t i o n  c o e f f i -  
c i e n t  ( amoun t  p e r  c u b i c  c e n t i m e t e r  o f  
b e d  + a m o u n t  p e r  c u b i c  c e n t i m e t e r  o f  
s o l u t i o n ) ,  i t  c a n  b e  s e e n  t h a t  f o r  
D = 0 ,  E = l / i  i s  i t s  maximum v a l u e  
f o r  a n y  c o l u m n .  W i t h  t h e s e  c o l u m n s ,  
t h e r e f o r e ,  i = 1/-2.5 = 0 . 4 .  

W i t h  t h e s e  e l e m e n t s  d e f i n i t e  a d -  
s o r p t i o n  ( a n d  h e n c e  f o r m a t i o n  o f  a 
n e g a t i v e l y  c h a r g e d  i o n )  was o b s e r v e d  
o n l y  f o r  S c ( I I I ) ,  a l t h o u g h  e v e n  f o r  
t h i s  e l e m e n t  a d s o r p t i o n  i s  s m a l l  
(D = 1 / E  - i = 0 . 2 6  a n d  1 . 0  f o r  7 M 
and 1 2  M HC1 s o l u t i o n s ,  r e s p e c t i v e l y ) .  
Some v e r y  s l i g h t  a d s o r p t i o n ,  b a r e l y  

I N  
5 M HC1 

IN 
'7 M IN HC1 1 1 2  M HC1 

2 . 4  

2 . 5  
2 . 4  

1 . 5  
2 . 3  
2 . 4  
2 . 5  

2 . 5  
2 . 6  

2 . 6  
0 . 7  
2 . 5  
2 . 6  
2 . 6  

o u t s i d e  e x p e r i m e n t a l  e r r o r ,  seems 
i n d i c a t e d  f o r  L i ( 1 )  and B e ( I 1 ) .  

By e x t r a p o l a t i o n  t o  t h e  l a s t  row 
o f  t h e  p e r i o d i c  t a b l e ,  t h e  v a l u e  o f  
E = 2 . 5  i s  e x p e c t e d  f o r  Fa', R a + + , a n d  
A c 3 + .  S i n c e  n e i t h e r  l a n t h a n u m  n o r  
g a d o l i n i u m ,  p r a c t i c a l l y  t h e  e x t r e m e s  
o f  t h e  r a r e  e a r t h  s e r i e s ,  s h o w e d  a n y  
a d s o r p t i o n ,  t h e  p r e d i c t i o n  c a n  b e  made 
t h a t  no r a r e  e a r t h  would be  a d s o r b e d .  

From t h e  l a r g e  v a l u e s  o f t h e  e l u t i o n  
c o n s t a n t s  t h e c o n c l u s i o n  may be r e a c h e d  
t h a t  t h e s e  e l e m e n t s  a r e  r e a d i l y  s e p -  
a r a b l e  f r o m  t h o s e  w h i c h  show s t r o n g  
a d s o r p t i o n ,  e . g . ,  F e ( I I I ) ,  C o ( I I ) ,  
C u ( I I ) ,  Z n ( I I ) ,  C d ( I I ) ,  H g ( I I ) ,  
Z r ( I V ) ,  H f ( I V ) ,  C b ( V ) ,  e t c .  

Iron(II1). F u r t h e r  s t u d i e s ( " * 1 2 )  
o f  t h e  a d s o r p t i o n  o f  i r o n ( I I 1 )  f r o m  
c h l o r i d e  s o l u t i o n s  b y  D o w e x - 1  h a v e  

(")G. E. Moore and K. A. Kraus, ' Adsorption 
of Iron by Anion EIfchange Resins from Hydrochloric 
Acid Solutions, J. A m .  C h e m .  S O C .  7 2 ,  5 7 9 2  
(1950). 

( 1 2 ) K .  A. Kraus, G. E. Moore, and F. Nelson,,, 
" Anion-Exchange Studies of Metal Complexes, 
OTWL-1053, op. c i t . ,  p. 19. 

10 
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b e e n  c a r r i e d  o u t ,  e m p h a s i s  c e n t e r i n g  
p r i m a r i l y  o n  i d e n t i f i c a t i o n  o f  t h e  
a d s o r b e d  i r o n  s p e c i e s .  

F r o m  c a p a c i t y  m e a s u r e m e n t s  a n d  
c o m p a r i s o n  o f  a d s o r b a b i l i t i e s  i n  
sodium c h l o r i d e ,  l i t h i u m  c h l o r i d e ,  and 
h y d r o c h l o r i c  a c i d  s o l u t i o n s ,  i t  c a n  be  
c o n c l u d e d  t h a t  FeC1,' i s  t h e  a d s o r b e d  
i r o n  s p e c i e s .  

F i n a l  a n a l y s i s  o f  t h e  d a t a  i s  now 
i n  p r o g r e s s ,  p a r t i c u l a r l y  w i t h  r e s p e c t  
t o  e v a l u a t i o n  o f  t h e  s t a b i l i t y  c o n -  
s t a n t s  o f  v a r i o u s  i r o n  c h l o r i d e  
c o m p l e x e s .  A summary r e p o r t  i s  b e i n g  
p r e p a r e d .  

Gallium(II1). G a l l i u m  i s  known t o  
be  e x t r a c t a b l e  by  e t h e r s  f rom a q u e o u s  
h y d r o c h l o r i c  a c i d  s o l u t i o n s  i n  a 
manner  a n a l o g o u s  t o  i r o n ( I I I ) .  ( 1 3 - 1 5 )  

I n  p a r t i c u l a r  t h e  e x i s t e n c e  o f  n e g -  
a t i v e l y  c h a r g e d  s p e c i e s  a p p e a r e d  
p r o b a b l e  i n  v i e w  o f  t h e  f a c t  t h a t  
HGaCl, was i d e n t i f i e d ( I 2 )  a s  t h e  e x -  
t r a c t e d  c o m p o u n d .  S i n c e  i r o n ,  f o r  
w h i c h  HFeCl,  h a d  b e e n  i d e n t i f i e d  i n  
t h e  e t h e r  p h a s e ,  had  been  f o u n d  t o  be 
s t r o n g l y  a d s  o r b e d  by  a n i  on - e x c h a n g e  
r e s i n s ( " )  ( p r o b a b l y  a s  F e C l , ' ) ,  
s i m i l a r l y  s t r o n g  a d s o r p t i o n  was t o  be  
e x p e c t e d  f o r  g a l l i u m  ( a s  G a C l , - ) .  

I n  a s e r i e s  o f  s h a k i n g  e x p e r i m e n t s  
u s i n g  g a l l i u m  s o l u t i o n s  c o n t a i n i n g  
t r a c e r  G a 7 2  , t h e  e x p e c t e d  g r e a t  s i m i -  

( I 3 ) E .  H.  S w i f t ,  " A  N e w  Method for thy, 

( I 4 ) D .  C.  Grahame and G. T. Seaborg,  

S e p a r a t i o n  o f  Gal l ium from Other  E l e m e n t s ,  
J .  A m .  Chem. SOC. 46, 2375 (1924).  

" The 
D i s t r i b u t i o n  of  Miny,te Amounts of  Materia l  Be- 
tween L i q u i d  Phases,  J .  Am. Chem. SOC. 6 0 ,  2524 
(1938) .  

" The 
ExtracFjon  o f  G a l l i u m  C h l o r i d e  b I s o p r o p  1 
E t h e r ,  J .  Am.  Chem. S O C .  7 1 ,  4J35 ( 1 9 4 9 J .  

(")N. H.  Nachtr ieb  and R. E. F r y x e l l ,  

l a r i t y  i n  a n i o n - e x c h a n g e  b e h a v i o r  
b e t w e e n  F e ( I I 1 )  a n d  G a ( I I 1 )  was e s -  
t a b l i s h e d  a s  shown i n  F i g .  1 . 3 .  Ex- 
c e p t  i n  c o n c e n t r a t e d  HC1, g a l l i u m  i s  
even  more s t r o n g l y  a d s o r b e d  t h a n  i r o n ,  
and many s e p a r a t i o n s  i n v o l v i n g  g a l l i u m  
( e . g . ,  f r o m  a l u m i n u m ;  s e e  a b o v e )  
s h o u l d  be e x c e l l e n t .  I t  i s  i n t e r e s t i n g  
t h a t  i r o n  a n d  g a l l i u m  a r e  a d s o r b e d  
a b o u t  e q u a l l y  i n  c o n c e n t r a t e d  h y d r o -  
c h l o r i c  a c i d ,  i n  which t h e  f r a c t i o n  o f  
i r o n  and  g a l l i u m  a s  MC1,- i s  p r o b a b l y  
u n i t y ,  f u r t h e r  c o n f i r m i n g  t h e  p r e v i o u s  

UNCLASSIFIED 
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Fig. 1.3 - Adsorption of Ga(II1) 
and Fe(I1) o n  Dowex-1. 40% l o a d i n g  
w i t h  r e s p e c t  t o  M ( I I 1 ) ;  D = o b s e r v e d  
d i s t r i b u t i o n  c o e f f i c i e n t ,  r e s i n / s o l u -  
t i o n ;  ( C l )  = c h l o r i d e  c o n c e n t r a t i o n  
o f  s o l u t i o n ;  ( C l ) *  = c h l o r i d e  c o n -  
c e n t r a t i o n  o f  r e s i n  ( f r o m  c a p a c i t y ) .  
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b e l i e f  t h a t  n e g a t i v e l y  c h a r g e d  com- 
p l e x e s  o f  t h e  same c h a r g e  a r e  a d s o r b e d  
a b o u t  e q u a l l y .  ( ) 

HYDROLYTIC BEHAVIOR OF METAL IONS 

K .  A . ,Kraus  and  R .  W .  Holmberg 

Thorium(1V). T h e  h y d r o l y s i s  of 
t h o r i u m ( 1 V )  i n  p e r c h l o r a t e  s o l u t i o n s  
h a s  b e e n  r e - e x a m i n e d ,  a n d  f u r t h e r  
d a t a  have  been o b t a i n e d  a t  l o w  t h o r i u m  
c o n c e n t r a t i o n s ,  m a k i n g  t h e  r a n g e  
c o v e r e d  2 . 5  x l o - ,  t o  1 . 5  x M 
T h ( 1 V ) .  

A l t h o u g h ,  a s  p r e v i o u s l y  r e p o r t e d ,  
t h e  m a i n  h y d r o l y s i s  r e a c t i o n s  ( f o r  
h y d r o x y l  numbers  n < 0 . 5 )  a r e  

?h4+ + M , O  -+ Th(OH),++ +2H30+ (K12) 

and 

2 n 4  + + 3H,O -+ n206+ + 2%0+ (K2 2 ) 

i t  w a s  f o u n d  n e c e s s a r y  a l s o  t o  u s e  
t h e  r e a c t i o n s  

and 

2Th4+ + 3H20 --+ Th200H5' + 3H,O+ (K2, 1 

f o r  b e s t  f i t  of  t h e  d a t a .  

N e g l e c t i n g  p o s s i b l e  s m a l l  com-  
p l e x i n g  by c h l o r i d e  i o n s  i n  t h e  p e r -  
c h l o r a t e  s o l u t i o n s  ( p r e p a r e d  by d i s -  
s o l v i n g  ThC1 ,  i n  1 M C l O , - ) ,  t h e  
f o l l o w i n g  v a l u e s  o f  t h e  c o n s t a n t s  
were o b t a i n e d :  

(16)K. A. K r a u s  and  G. E. Moore,  I' Anion 
Exchange S t u d i e s .  111. P r o t a c t i n i u m  i n  Some 
HC1-HF Mixtures: a r a t i o n  on Niobium, Tantalum, 
and  P r o t a c t i n i u m T J .  Am . Chem. S O C .  7 3 ,  2900 
(1951). 

K , ,  = 5 x 1 0 - 5  K , ,  1 . 5  x l o ' *  

K , ,  1 . 5  x l o - '  K , ,  = 9 x l o - '  

Z i r c o n i u m ( 1 V )  and Hafnium(1V). 
E a r l i e r  w o r k  o n  t h e  h y d r o l y s i s  o f  
z i r c o n i u m ( 1 7 )  i n  c h l o r i d e  s o l u t i o n s  
i s  b e i n g  e x t e n d e d  t o  p e r c h l o r a t e  s o l u -  
t i o n s  o f  i o n i c  s t r e n g t h  p = 1 . 0 .  A 
s i m i l a r  i n v e s t i g a t i o n  o f  t h e  h y d r o l y s i s  
o f  h a f n i u m ( 1 V )  i s  u n d e r w a y .  No r e -  
s u l t s  c a n  be r e p o r t e d  a t  t h i s  t ime.  

ZIRCONIUM IN AQUEOUS HCL-HC10, 

J. P. McBride andR.  W .  S t o u g h t o n  

R e c e n t  e x p e r i m e n t s  d e s i g n e d  t o  
d e t e r m i n e  t h e  aqueous  c o m p l e x e s  formed 
b e t w e e n  Z r 4 +  a n d  C1-  by m e a s u r i n g  t h e  
p a r t i t i o n  o f  Z r g 5  t r a c e r  b e t w e e n  TTA- 
b e n z e n e  s o l u t i o n s  and a q u e o u s  c h l o r i d e  
s o l u t i o n s  ( a t  i o n i c  s t r e n g t h  3.00 a n d  
1 . 0 0  M H+) h a v e  y i e l d e d  i n c o n s i s t e n t  
d i s t r i b u t i o n  I t  h a s  
b e e n  d e m o n s t r a t e d  r e c e n t l y  t h a t  l ow 
c o n c e n t r a t i o n s  o f  o x i d i z i n g  i m p u r i t i e s  
i n  t h e  NaC10, u s e d  i n  m a i n t a i n i n g  t h e  
i o n i c  s t r e n g t h  c o n s t a n t  h a v e  b e e n  t h e  
s o u r c e  o f  t h e  t r o u b l e .  

Comparison of NaC10, Preparations. 
Most o f  t h e  e x p e r i m e n t s  were p e r f o r m e d  

(17)S. Y. Tyree ,  J r . ,  and K. A. K r a u s ,  " Some 
O b s e r v a t i , p n s  o n  t h e  H y d r o l y t i c  B e h a v i o r  o f  
Zirconium, Chemisir Division Quarterly Progress 
R e p o r t  f o r  P e r i o d  i n d i n  September 30, 1949, 
ORNL-499, p. 26 (Dec. 6 ,  1849). 

'' Z i r -  
conium i n  A ueous  HC1-HC104, Chemistry bivision 
Q u a r t e r l y  j r o g r e s s  R e p o r t  f o r  P e r i o d  E n d i n g  
September 30,  1950, OWL-870, p .  88 (March 1 ,  
1951). 

" Z i r -  
conium i n  A ueous HC1-HC104, Chemistry bivzsion 
Q u a r t e r l y  j r o  ress R e p o r t  f o r  P e r i o d  E n d i n g  
December 31, f f 5 0 ,  ORNL-1036, p.  2 1  ( S e p t .  10 ,  
1951). 

( 2 0 ) J .  P. McBride and R.,,W. Stoughton ,  " Z i r -  
conium i n  Aqueous HC1-HC10, , ORNL- 1053, op. ci t., 
p. 88. 

(18)J. P. McBride and R. F. Stoughton  

(")J. P. McBride and R. 1. Stoughton  
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w i t h  s o l u t i o n s  p r e p a r e d  u s i n g  G .  
F r e d e r i c k  S m i t h ’ s  ( G . F . S . )  N a C 1 0 4  
r e a g e n t .  T h e s e  e x p e r i m e n t s  w e r e  
c h a r a c t e r i z e d  by  ( 1 )  a q u e o u s - o v e r -  
b e n z e n e  d i s t r i b u t i o n  v a l u e s  w h i c h  
were s e l f - c o n s i s t e n t  a n d  c o n s i s t e n t  
w i t h  p r e v i o u s l y  d e t e r m i n e d  v a l u e s  a t -  
t a i n e d  a f t e r  1 d a y  o f  s h a k i n g ,  a n d  
( 2 )  marked  i n c r e a s e s  w i t h  t i m e  i n  t h e  
a q u e o u s - o v e r - b e n z e n e  e x t r a c t i o n  c o e f -  
f i c i e n t s  f o r  s y s t e m s  c o n t a i n i n g  C1- 
when t h e  s h a k i n g  t i m e  was  e x t e n d e d  
o v e r  2 -  t o  2 2 - d a y  p e r i o d s .  

S o d i u m  p e r c h l o r a t e  s o l u t i o n s  p r e -  
p a r e d  by t h e  n e u t r a l i z a t i o n  o f  d o u b l e -  
v a c u u m - d i s t i l l e d  G . F . S .  HC10, w i t h  
B a k e r ’ s  c . p .  NaOH g a v e  d i s t r i b u t i o n  
v a l u e s  w h i c h  were somewhat h i g h e r  t h a n  
e x p e c t e d  f rom p r e v i o u s  work b u t  w h i c h  
d i d  n o t  c h a n g e  w i t h  t i m e .  The  h i g h e r  
v a l u e s  may h a v e  b e e n  d u e  t o  a n  i m -  
p u r i t y  i n  t h e  NaOH o r  t o  a n  i m p u r i t y  
l e a c h e d  from t h e  w a l l s  o f  t h e  n e u t r a l -  
i z a t i o n  v e s s e l .  

A NaC10,  p r e p a r a t i o n  u s i n g  t h e  
s ame  a c i d  a n d  B a k e r ’ s  c . p .  Na,CO, 
g a v e  v a l u e s  i n  l i n e  w i t h  t h o s e  e x -  
p e c t e d ;  when  t h i s  NaC10, w a s  u s e d ,  
t h e  d i s t r i b u t i o n  r a t i o s  d i d  n o t  show 
a c h a n g e  w i t h  e x t e n d e d  s h a k i n g  up  t o  
1 4  d a y s .  E q u i l i b r i u m  was a p p a r e n t l y  
o b t a i n e d  i n  l e s s  t h a n  20  h r  u n d e r  t h e  
f o l l o w i n g  c o n d i t i o n s :  i o n i c  s t r e n g t h  
( i . e . ,  M HC10, + M NaC104 + M NaC1) 
= 3 . 0 0 ;  (H’) = 1 . 0 0  M ;  ( C 1 - 1  = 0 t o  
2 . 0 0  M ;  Zr(TTA), ( i n  b e n z e n e  a t  s t a r t  
o f  e q u i l i b r a t i o n )  = 1 0 ’ ’  M ;  (TTA) 
= 0.00667 M i n  b e n z e n e ;  e q u a l  vo lumes  
i n  b o t h  p h a s e s ;  25OC. 

Concerning G . F . S .  NaC10, and Per- 
t i n e n t  E x t r a c t i o n  Data .  I o d o m e t r i c  
a n a l y s i s  o f  a 3 M s o l u t i o n  o f  t h e  
G.F.S. NaC104 r e v e a l e d  i t  t o  be  0 . 0 2 6  
N i n  o x i d i z i n g  p o w e r ,  a s  d e m o n s t r a t e d  
by t h e  f o r m a t i o n  o f  i o d i n e  i n  a c o n -  
c e n t r a t e d  HC1 s o l u t i o n  o f  I - .  S i n c e  

n o  i o d i n e  was  p r o d u c e d  by t h e  s a m e  
s a l t  i n  d i l u t e  a c i d  ( 1  N H,SO,), t h e  
a b s e n c e  o f  C 1 0 - ,  C l O , - ,  a n d  C10,  i s  
d e m o n s t r a t e d .  H e n c e  t h e  o x i d i z i n g  
a g e n t  i s  b e l i e v e d  t o  be  C10,-  (No 
s u c h  o x i d i z i n g  i m p u r i t y  w a s  f o u n d  i n  
t h e  NaC10, made f r o m  d o u b l e - v a c u u m -  
d i s t i l l e d  G . F . S .  HC10, a n d  B a k e r ’ s  
C . P .  Na,CO,.) The mechanism by wh ich  
t h e  d i s t r i b u t i o n  r a t i o  i s  c h a n g e d  
w i t h  t i m e  a s  a r e s u l t  o f  t h e  p r e s e n c e  
o f  t h e  o x i d i z i n g  i m p u r i t y i s n o t  known. 
However,  i t i s  known t h a t  b o t h  c h l o r i d e  
i o n  a n d  t h e  i m p u r i t y  ( i n  t h e  G . F . S .  
NaC104) m u s t  be  p r e s e n t  i n  o r d e r  f o r  
t h e  e f f e c t  t o  b e  o b s e r  e d  a n d  t h a t  
t h e  e f f e c t  i s  l a r g e l y  d u e  t o  d e s t r u c -  
t i o n  o f  t h e  TTA. T h e s e  f a c y o r s  w i l l  
now be  d i s c u s s e d .  

U s i n g  t h e  i m p u r e  NaClO, ,  a t  1 M 
HC10, a n d  2 M NaC104 ( i .  e .  n o  N a C l )  
n o  c h a n g e  w i t h  t i m e  a f t e r  1 d a y  w a s  
o b s e r v e d .  L i k e w i s e ,  a t  1 M HC10, and 
2 M NaCl ( i . e . ,  n o  NaC10,) n o  c h a n g e  
w i t h  t i m e  was o b s e r v e d  a f t e r  a b o u t  1 
d a y .  I n  t h e  r a n g e  o f  0 t o  2 M NaCl 
t h e  o b s e r v e d  c h a n g e  ( a t  a n y  one  t i m e )  
s h o w e d  a maximum a t  a l i t t l e  b e l o w  
1 M c h l o r i d e  i o n  a n d  a p p r o a c h e d  z e r o  
a t  t h e  l i m i t s .  T h e  maximum was v e r y  
n e a r  1 M C1’ a t  s h o r t e r  t i m e s  ( 2  t o  
4 d a y s )  a n d  s h i f t e d  t o  l o w e r  c h l o r i d e  
a s  t h e  w h o l e  e f f e c t  i n c r e a s e d  w i t h  
t i m e .  T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  
w i t h  t h e  r a t e s  d e p e n d i n g  on t h e  f i r s t  
p o w e r  o f  C1‘  a n d  o f  t h e  i m p u r i t y  
( p r o b a b l y  C l O , ’ ) ,  a n d  w i t h  t h e  d e -  
c r e a s e  o f  t h e  i m p u r i t y  c o n c e n t r a t i o n  
a s  t h e  r e a c t i o n  p r o c e e d s .  ( A s  t h e  
C1’ v a r i e s  f r o m  0 t o  2 M t h e  i n i t i a l  
c o n c e n t r a t i o n  o f  t h e  o x i d i z i n g  i m -  
p u r i t y  v a r i e s  f rom 0 . 0 1 7 3  t o  0 N. ) 

Some b e n z e n e - T T A  s o l u t i o n s  a f t e r  
p r o l o n g e d  c o n t a c t  w i t h  a q u e o u s  s o l u -  
t i o n s  c o n t a i n i n g  C1’ and G.F.S. NaC10, 
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were a n a l y z e d  f o r  TTA c o n t e n t  s p e c t r o -  
p h o t o m e t r i c a l l y .  Under t h e  c o n d i t i o n s  
e m p l o y e d  t h e  c h a n g e  i n  d i s t r i b u t i o n  
r a t i o  w a s  e q u i v a l e n t  t o  a 3 3 %  d e -  
c r e a s e  i n  TTA c o n c e n t r a t i o n ;  t h e  o b -  
s e r v e d  TTA d e c r e a s e  w a s  a b o u t  3076, 
s h o w i n g  t h a t  t h e  c h a n g e  i s  a t  l e a s t  
l a r g e l y  due  t o  d e s t r u c t i o n  o f  TTA. 

The a q u e o u s  p h a s e s  u s e d  i n  t h e  e x -  
p e r i m e n t s  j u s t  d i s c u s s e d  were s u b -  
s e q u e n t l y  s h a k e n  w i t h d i f f e r e n t  b e n z e n e  
s o l u t i o n s  c o n t a i n i n g  t h e  o r i g i n a l  con-  
c e n t r a t i o n  o f  TTA ( i . e . ,  0 . 0 0 6 6 7  M )  
a n d  s h o w e d  a d i s t r i b u t i o n  r a t i o  
( a q u e o u s / b e n z e n e )  somewhat l a r g e r  t h a n  
e x p e c t e d  on t h e  b a s i s  t h a t  t h e  a b o v e  
m e n t i o n e d  c h a n g e  w i t h  t i m e  w a s  d u e  
s o l e l y  t o  d e c r e a s e  i n  TTA c o n c e n t r a -  
t i o n .  T h i s  i n d i c a t e s  t h a t  s i m u l t a n e -  
o u s l y  w i t h  t h e  d e s t r u c t i o n  o f  t h e  
TTA, a c o m p l e x i n g  a g e n t  i s  p r o d u c e d  
w h i c h  t e n d s  t o  k e e p  t h e  z i r c o n i u m  i n  
t h e  a q u e o u s  p h a s e .  A s s u m i n g  o n e  
m o l e c u l e  o f  s u c h  a c o m p l e x i n g  a g e n t  
t o  b e  p r o d u c e d  p e r  m o l e c u l e  o f  TTA 

d e s t r o y e d ,  a f o r m a t i o n  c o n s t a n t  f o r  
t h e  c o m p l e x  f o r m e d , w i t h  Z r ( 1 V )  o f  t h e  
o r d e r  of 1000 i s  i n d i c a t e d .  

C h l o r i d e  C o m p l e x i n g  a t  I o n i c  
S t r e n g t h  (M HC10, t M NaClO, t M NaC1) 
= 3 . 0 0  M .  E x t r a c t i o n  e x p e r i m e n t s  
p e r f o r m e d  w i t h  t h e  p u r e  NaC10, ( p r e -  
p a r e d  f r o m  N a 2 C 0 3 )  g a v e  a v a l u e  o f  
1 . 0  f o r  t h e  f o r m a t i o n  c o n s t a n t  o f  
Z r C 1 3 +  a t  i o n i c  s t r e n g t h  3 .  T h i s  
c o m p a r e s  f a v o r a b l y  w i t h  t h e  v a l u e  o f  
1 . 0 7  f o u n d  a t  ( H ' )  = 3 . 0 0  M ;  i o n i c  
s t r e n g t h  = 3 . 0 0 .  I t  i s  3 0 %  l o w e r  
t h a n  t h e  v a l u e  o f  1 . 3  p r e v i o u s l y  
f o u n d ( ' * )  f o r  t h e  a b o v e  c o n d i t i o n s ,  
i . e . ,  (H')  = 1 . 0 0  M. T h e  d i f f e r e n c e  
c a n n o t  b e  e x p l a i n e d ,  b u t  t h e  m o r e  
r e c e n t  v a l u e  i s  s u p p o r t e d  by a g r e a t  
many more e x p e r i m e n t s  and  i s  b e l i e v e d  
t o  be t h e  b e t t e r  v a l u e .  I t  s h o u l d  be  
p o i n t e d  o u t  t h a t  t h e  o l d e r  v a l u e  w a s  
o b t a i n e d  u s i n g  NaC10, p r e p a r e d  f r o m  
NaOH, a n d  t h e  d i s t r i b u t i o n  v a l u e s  o b -  
t a i n e d  f o r  p r e s u m a b l y  i d e n t i c a l  c o n -  
d i t i o n s  were u n i f o r m l y  h i g h e r .  
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2. NUCLEAR CHEMISTRY 

CALORIMETRY OF R A D I O A C T I V I T Y  

G. H. J e n k s  

A s  m e n t i o n e d  i n  t h e  p r e v i o u s  
q u a r t e r l y  r e p o r t , ( ' )  t h i s  g r o u p  h a s  
u n d e r t a k e n  t o  d e t e r m i n e  t h e  C14  a b u n -  
d a n c e  i n  a s a m p l e  o f  C ' 4 0 2 - C ' 2 0 ,  b y  
m e a n s  o f  a g a s - d e n s i t y  b a l a n c e ,  t h e  
d e t e r m i n a t i o n  t o  be  made i n  c o n n e c t i o n  
w i t h  o u r  s t u d y  o f  t h e  d e c a y  c h a r a c t e r -  
i s t i c s  o f  C14. The a p p a r a t u s  r e q u i r e d  
f o r  t h e  m e a s u r e m e n t s  h a s  been  a s s e m b l e d  
and p e r f e c t e d ,  and measu remen t s  on t h e  
s a m p l e  w i l l  be s t a r t e d  soon .  

RADIOFREQUENCY SPECTROSCOPY 

R. L i v i n g s  t o n  
N u c l e a r  S p i n  and Q u a d r u p o l e  M o m e n t  

o f  C 1 3 ?  T h e  h y p e r f i n e  s t r u c t u r e  o f  
t h e  J = 1 + 2 r o t a t i o n a l  t r a n s i t i o n  o f  
t h e  m o l e c u l e  Cl3'CN h a s  b e e n  r e p o r t e d  
b y  T o w n e s  a n d  A a m o d t . ( ' )  I n  t h e i r  
s t u d y  t h e  h y p e r f i n e  s t r u c t u r e  w a s  
o n l y  p a r t l y  r e s o l v e d  b u t  t h e y  d e d u c e d  
a s p i n  o f  2 a n d  q u a d r u p o l e  moment o f  
- 0 . 0 1 7 2  X c m 2  f o r  t h e  C l J 6  
n u c l e u s .  T h e  s p i n  o f  2 h a s  c a u s e d  
c o n s i d e r a b l e  d i f f i c u l t y  i n  a n  i n t e r -  
p r e t a t i o n  o f  t h e  ,8 d e c a y  c h a r a c t e r -  
i s t i c s  o f  C 1 3 ?  T h i s  h a s  m a d e  i t  
d e s i r a b l e  t o  c h e c k  t h e  C 1 3 6  s p i n  u s i n g  
a d i f f e r e n t  m o l e c u l e .  S u c h  a s t u d y  
h a s  b e e n  c o m p l e t e d  i n  c o l l a b o r a t i o n  
w i t h  C. J o h n s o n  and  W. G o r d y  o f  t h e  
Duke  U n i v e r s i t y  P h y s i c s  D e p a r t m e n t .  
T h e  J = 0 .+ 1 t r a n s i t i o n  h y p e r f i n e  

( ' ) G .  H. Jenks and F. H. Sweeton. a Calorimetrv 
of Radioactivity, " C h e m i s t r y  Di v i  ; i o n  Q u a r t e r l y  
P r o  r e s s  R e p o r t  f o r  P e r i o d  E n d i n  M a r c h  3 1 ,  
1958. O m - 1 0 5 3 ,  p. 112 (Oct. 5, 1951k. 

(2)C. H. Townes and L. C. Aamodt "Nuclear 
Spin and Quadrupole Moment of Cl36*," P h y s .  R e v .  
76, 691 (1949). 

s t r u c t u r e  i n  CH3C136 h a s  b e e n  c o m p l e t e l y  
r e s o l v e d  and m e a s u r e d .  The s p i n  h a s  
b e e n  c o n f i r m e d  a s  2 ,  and  a s o m e w h a t  
more a c c u r a t e  q u a d r u p o l e  moment v a l u e  
o f  -0 .0168  X cm2 h a s  b e e n  d e t e r -  
m i n e d .  T h i s  new v a l u e  i s  i n  s a t i s -  
f a c t o r y  a g r e e m e n t  w i t h  t h e  v a l u e  o f  
Townes and Aamodt.  The  work w i l l  b e  
r e p o r t e d  i n P h y s i c a 1  R e v i e w  a s  a L e t t e r  
t o  t h e  E d i t o r .  

The method f o r  s y n t h e s i z i n g  CH3Cl3 
was worked on  a t  t h i s  l a b o r a t o r y ;  t h e  
measu remen t s  were made w i t h  t h e  a i d  o f  
a m i c r o w a v e  s p e c t r o m e t e r  t r a n s p o r t e d  
a n d  a s s e m b l e d  h e r e  b y  t h e  Duke U n i -  
v e r s i t y  g r o u p .  I n i t i a l  o b s e r v a t i o n s  
were a l s o  made h e r e ,  b u t ,  b e c a u s e  o f  
s p e c t r o m e t e r  l i m i t a t i o n s ,  t h e  w o r k  
was t r a n s f e r r e d  t o  Duke U n i v e r s i t y  f o r  
f i n a l  o b s e r v a t i o n s .  

T h r e e  m e t h o d s  f o r  s y n t h e s i z i n g  
m e t h y l  c h l o r i d e  were t r i e d .  The  r e -  
a c t i o n  o f  m e t h y l  p - t o l u e n e s u l f o n a t e  
o n  s o d i u m  c h l o r i d e  and  d i m e t h y l  s u l -  
f a t e o n  sodium c h l o r i d e  were n o t  s a t i s -  
f a c t o r y .  The f i n a l  method made u s e  o f  
t h e  r e a c t i o n  o f  s o d i u m  c h l o r i d e  w i t h  
m e t h y l  a l c o h o l  and c o n c e n t r a t e d  s u l -  
f u r i c  a c i d  i n  t h e  f o l l o w i n g  m a n n e r :  
A s o l u t i o n  o f  a b o u t  16  rng o f  c h l o r i n e  
a s  s o d i u m  c h l o r i d e  was  pumped on  and 
baked  t o  d r y n e s s  i n  t h e  25-1111 ampoule 
shown i n  F i g .  2 . 1 .  T h e  r e a g e n t  was  
p r e p a r e d  b y  m i x i n g  4 . 5  m l  o f  CH30H 
w i t h  3 m l  o f  c o n c e n t r a t e d  H,SO,. The  
a m p o u l e  was r e m o v e d  f r o m  t h e  vacuum 
s y s t e m  and c o o l e d  i n  l i q u i d  n i t r o g e n ,  
and 0 . 0 7 5  m l  o f  t h e  r e a g e n t  was added  
w i t h  a m i c r o p i p e t .  T h e  a m p o u l e  was 
t h e n  q u i c k l y  e v a c u a t e d  and s e a l e d  a t  
t h e  8 - m m  t u b i n g  w h i l e  s t i l l  c o o l e d  i n  
l i q u i d  n i t r o g e n .  The  s e a l e d  ampou le  
w a s  h e a t e d  i n  a n  o v e n  a t  175OC f o r  
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Fig. 2.1 - Ampoule for Synthesis 
of CH3ClJ6. 

1 h r .  T h e  a m p o u l e  was  i n s t a l l e d  o n  
t h e  s p e c t r o m e t e r  vacuum l i n e ,  and i t  
was opened a t  t h e  b r e a k - o f f  s e a l  w h i l e  
c o o l e d  i n  l i q u i d  n i t r o g e n ,  e v a c u a t e d  
t o  r e m o v e  r e s i d u a l  g a s e s  and m e t h y l  
c h l o r i d e ,  and t h e n  t r a n s f e r r e d  d i r e c t l y  
t o  t h e  s p e c t r o m e t e r  c e l l  a t  d r y  i c e  
t e m p e r a t u r e .  

The Half-life of C136. T h e  h a l f -  
l i f e  o f  C 1 3 6  c a n  b e  d e t e r m i n e d  b y  
m e a s u r i n g  t h e  d i s i n t e g r a t i o n  r a t e  o f  
a w e i g h e d  s a m p l e  whose  i s o t o p i c  com- 
p o s i t i o n  i s  k n o w n .  T h e  m i c r o w a v e  
s t u d i e s  o n  CH3C136  r e p o r t e d  a b o v e  
o f f e r  a n  e x c e l l e n t  o p p o r t u n i t y  t o  
m a k e  a n  i s o t o p i c  a n a l y s i s .  T h e  
J = 0 -, 1 r o t a t i o n a l  l i n e s  o f  t h e  
C H 3 C l J 5  m o l e c u l e  i n  a n  e x c i t e d  v i -  
b r a t i o n a l  s t a t e  l i e  v e r y  c l o s e  t o  t h e  
CH3C136 l i n e s .  The  i n t e n s i t y  o f  t h e  
v i b r a t i o n a l  s t a t e  l i n e s  o f  CH3C13’ c a n  
b e  c a l c u l a t e d  w i t h  c o n s i d e r a b l e  a c -  
c u r a c y  a n d  c a n  a l s o  b e  c o n v e n i e n t l y  
c o m p a r e d  w i t h  t h e  CH3ClJ6  l i n e s .  A 
p r e l i m i n a r y  e s t i m a t e  i n d i c a t e s  a C136 
a b u n d a n c e  o f  a b o u t  0 . 5 % .  S. R e y n o l d s  
o f  t h i s  L a b o r a t o r y  i s  c o l l a b o r a t i n g  
b y  c a r r y i n g  o u t  t h e  d i s i n t e g r a t i o n  
r a t e  measu remen t .  

Pure Quadrupole Spectra of Chlorine 
Compounds. I n  t h e  l a s t  q u a r t e r l y  
r e p o r t ( ’  q u a d r u p o l e  c o u p l i n g  v a l u e s  
were g i v e n  f o r  C l ”  i n  v a r i o u s  s u b -  
s t i t u t e d  m e t h a n e s .  T h e s e a r e  summar ized  
s c h e m a t i c a l l y  b e l o w ,  i n  w h i c h  t h e  
v a l u e s  a r e  i n  m e g a c y c l e s :  

CH,C1, 7 1 . 9 8  megacyc l e  s 

CHC 

cc1 

CHFCl , 7 2 . 9 9  

CF,Cl, 7 6 . 9 0  

3 7 6 . 5 6  

CFC1, 7 8 . 9 2  

8 1.18 

A l l  c h l o r i n e  c o u p l i n g s  s h o u l d  h a v e  a 
n e g a t i v e  s i g n .  O n l y  t h e  m a g n i t u d e  i s  
c o n s i d e r e d  h e r e .  T h e  c o u p l i n g  i n -  
c r e a s e s  b y  4 . 5 8  m e g a c y c l e s  i n  r e -  
p l a c i n g  a h y d r o g e n  b y  c h l o r i n e  i n  

(’)R. Livingston, “ R a d i o f r e  uency S p e c t r o s -  
copy,”  ORIVL-1053, op. c i t . ,  p. 102, esp.  p. 109. 
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CH,Cl, and i n c r e a s e s  by  4 . 6 2  m e g a c y c l e s  
i n  a s i m i l a r  s u b s t i t u t i o n  i n  CHC1,. 
T h e  a v e r a g e  e f f e c t  o f  r e p l a c i n g  h y -  
d r o g e n  by  c h l o r i n e  i s  a c o u p l i n g  i n -  
c r e a s e  o f  4 . 6  m e g a c y c l e s .  S i m i l a r l y ]  
t h e  a v e r a g e  e f f e c t  o f  r e p l a c i n g  h y -  
d r o g e n  by  f l u o r i n e  i s  a' c o u p l i n g  i n -  
c r e a s e  o f  2 . 4  m e g a c y c l e s .  A s  e x -  
p l a i n e d  i n  t h e  l a s t  q u a r t e r l y  r e -  
p o r t , ( 4 )  t h e  c o u p l i n g  c h a n g e  i n  r e -  
p l a c i n g  h y d r o g e n  b y  more h i g h l y  e l e c -  
t r o n e g a t i v e  c h l o r i n e  or f l u o r i n e  i s  
i n  t h e  e x p e c t e d  d i r e c t i o n  o w i n g  t o  a 
p o l a r i z a t i o n  e f f e c t  w h i c h  m a k e s  t h e  
c a r b o n - c h l o r i n e  bond l e s s  i o n i c .  How- 
e v e r ,  a l a r g e r  e f f e c t  w o u l d  b e  e x -  
p e c t e d  w i t h  f l u o r i n e  s i n c e  i t  i s  more 
h i g h l y  e l e c t r o n e g a t i v e  t h a n  c h l o r i n e .  
I n  o r d e r  t o  h e l p  e x p l a i n  t h e  a n o m a l y ,  
an e f f o r t  was made t o  o b s e r v e  c h l o r i n e  
r e s o n a n c e s  i n  v a r i o u s  b r o m i n e - s u b -  
s t i t u t e d  c h l o r o m e t h a n e s  s o  t h a t  t h e  
b r o m i n e  e f f e c t  c o u l d  b e  compared  w i t h  
t h e  c h l o r i n e  a n d  f l u o r i n e  e f f e c t s .  
R e s o n a n c e s  c o u l d  n o t  b e  f o u n d  i n  t h e  
s i x  c h l o r o b r o m o m e t h a n e s  ( C H 2 C 1 B r ,  
CHCl,Br,  CC13Br,  e t c .  ; h o w e v e r  , ob-  
s e r v a t i o n s  were s u c c e s s f u l  on CF,BrCl. 
I t  h a s  o n e  a b s o r p t i o n  l i n e  f o r  C135  
a t  3 8 . 3 4 1 8  m e g a c y c l e s ,  g i v i n g  a c o u -  
p l i n g  o f  7 6 . 6 8  m e g a c y c l e s .  T h e  r e s -  
onance  h a s  a l s o  b e e n  o b s e r v e d  i n  CF3C1 
f o r  C13' which h a s  o n e  l i n e  a t  3 8 . 0 8 8 6  
m e g a c y c l e s  a n d  a c o r r e s p o n d i n g  c o u -  
p l i n g  o f  7 6 . 1 8  m e g a c y c l e s .  I f  t h e  
c o u p l i n g s  f o r  t h e  t h r e e  m o l e c u l e s  
CF3C1,  CF ,Cl , ,  a n d  CF ,BrCl  a r e  com- 
p a r e d ]  i t  a p p e a r s  t h a t  t h e  c h a n g e s  i n  
c o u p l i n g  d u e  t o  b r o m i n e  a n d  c h l o r i n e  
s u b s t i t u t i o n s  a r e  c o n s i s t e n t  w h i l e  
t h o s e  d u e  t o  f l u o r i n e  a r e  a n o m a l o u s .  
The anomaly c a n b e  c o m p l e t e l y  e x p l a i n e d  
b y  a s s u m i n g  t h a t  t h e  i n t r o d u c t i o n  o f  
f l u o r i n e  i n  t h e  m o l e c u l e  c a u s e s  some 
d o u b l e - b o n d  c h a r a c t e r  i n  t h e  c a r b o n -  
c h l o r i n e l i n k a g e .  Double-bond c h a r a c t e r  

( 4 ) I b i d . ,  esp.  pp. 110,111. 

c a u s e s  a d r o p  i n  c o u p l i n g  w h i c h  com- 
p e n s a t e s  f o r  some o f  t h e  i n c r e a s e  d u e  
t o  t h e  f l u o r i n e  p o l a r i z a t i o n  e f f e c t .  
I t  h a s  b e e n  f o u n d  b y  e l e c t r o n  d i f -  
f r a c t i o n  t h a t  t h e  c a r b o n - c h l o r i n e  
b o n d  d i s t a n c e s  i n  c h l o r o m e t h a n e s  
s h o r t e n s  when f l u o r i n e  i s  i n t r o d u c e d  
i n  t h e  m o l e c u l e .  P a u l i n g (  i n d i c a t e s  
t h a t  t h i s  i s  due  t o  a F'C=Cl+ r e s o n a n t  
s t r u c t u r e  g i v i n g  r i s e  t o  a b o u t  5% 
d o u b l e - b o n d  c h a r a c t e r .  

The  CF3C1 c o u p l i n g  r e p o r t e d  a b o v e  
h a s  a l s o  b e e n  d e t e r m i n e d  by  C o l e s  and 
H u g h e s (  ) b y  m i c r o w a v e  o b s e r v a t i o n s  
on t h e  g a s .  The c o u p l i n g  i n  t h e  s o l i d  
i s  o n l y  2 . 4 %  l o w e r  t h a n  t h e  g a s  v a l u e .  

T h e  q u a d r u p o l e  s p e c t r u m  o f  CH3C1 
h a s  n o t  y e t  b e e n  o b s e r v e d ,  b u t  a n  
e x t r a p o l a t e d  v a l u e  f o r  i t  may b e  o b -  
t a i n e d  i n  two ways. U s i n g  t h e  4.6-meg- 
a c y c l e  v a l u e  f o r  a c h l o r i n e  s u b s t i t u -  
t i o n  w i t h  t h e  CH,Cl, c o u p l i n g  g i v e s  a 
p r e d i c t e d  v a l u e  o f  6 7 . 4  m e g a c y c l e s  
w h i l e  e x t r a p o l a t i n g  f r o m  t h e  CF,C1 
v a l u e  u s i n g  2 . 4  m e g a c y c l e s p e r  f l u o r i n e  
a t o m  g i v e s  6 9 . 0  m e g a c y c l e s .  T h e s e  
v a l u e s  a r e  i n  r e a s o n a b l e  a g r e e m e n t ,  
b u t  t h e y  f a l l  t o o  f a r  below t h e  m i c r o -  
w a v e  v a l u e ( 7 )  f o r  g a s e o u s  CH,C1 o f  
75.13 m e g a c y c l e s .  S e v e r a l  r e a s o n s  f o r  
t h i s  d i s c r e p a n c y  h a v e  b e e n  c o n s i d e r e d  
w i t h o u t  s u c c e s s .  C r y s t a l l i n e  f i e l d  
e f f e c t s  w o u l d  n o t  b e  e x p e c t e d  t o  
p e r t u r b  t h e  v a l u e s  t h i s  m u c h .  I f  
c r y s t a l l i n e  f i e l d s  p r o d u c e d  s u c h  l a r g e  
r a n d o m  v a r i a t i o n s  i n  c o u p l i n g  c o n -  
s t a n t s  t h e  m a s s  o f  d a t a  on  t h e  s u b -  
s t i t u t e d  m e t h a n e s  s h o u l d  n o t  h a v e  

( ' ) L .  P a u l i n g ,  The  N a t u r e  of t h e  C h e m i c a l  
Bond, 2d e d . ,  p .  236 ,  Cornel1 U n i v e r s i t y  Press, 
Ithaca, N. Y. (1944). 

(6)D. K .  C o l e s  and R.,,H. Hughes,  '' Micro-  
wave Spectrum o f  CF3C1, P h y s .  R e v .  7 6 ,  8 5 8  
( 1949). 

( 7 ) W .  Gord J .  W .  Simmons, and A. G. Smith, 
" Microwave b e t e r m i n a t i o n  of  t h e  M o l e c u l a r  
S t r u c t u r e s  and Nuclear Couplings of  t h e  Methyl 
H a l i d e s ,  " P h y s .  Rev .  74,  243 (1948). 
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c o r r e l a t e d  s o  w e l l .  I f  a s y s t e m a t i c  
e f f e c t  r e s u l t e d  f r o m  t h e  s o l i d  t h e  
CF3C1 v a l u e  w o u l d  n o t  h a v e  c o m p a r e d  
s o  f a v o r a b l y  w i t h  t h e  g a s  v a l u e .  I t  
i s  n o t e d  t h a t  a n  e x p l a n a t i o n  t h a t  
would a l l o w  a s y s t e m a t i c  change  i n  t h e  
c o u p l i n g s  upon g o i n g  t o  m o l e c u l e s  w i t h  
more  a n d  m o r e  h y d r o g e n  m i g h t  b e  d e -  
s i r a b l e .  H y d r o g e n  b o n d i n g  h a s  b e e n  
d i s c o u n t e d .  T h e  e f f e c t  o f  i n t e r -  
a c t i o n s  b e t w e e n  t h e  c h l o r i n e  s p i n  
s y s t e m  and l a t t i c e  v i b r a t i o n s  h a s  b e e n  
c o n s i d e r e d .  D e h m e l t  a n d  K r i i g e r ( 8 )  
h a v e  o b s e r v e d  t h a t  t h e  c h l o r i n e  r e -  
s o n a n c e  f r e q u e n c y  i n  s o l i d  t r a n s -  
d i c h l o r o e t h y l e n e  i n c r e a s e s  w i t h  d e -  
c r e a s i n g  t e m p e r a t u r e .  T h e  e f f e c t  h a s  
b e e n  a s c r i b e d  b y  t h e m  t o  a n  i n t e r -  
a c t i o n  b e t w e e n  t h e  s p i n  s y s t e m  a n d  
t o r s i o n a l  l a t t i c e  v i b r a t i o n s .  I t  
h a s  b e e n  d e c i d e d  t o  r e m e a s u r e  t h e  
c o u p l i n g s  m e n t i o n e d  a b o v e  a t  l o w e r  
t e m p e r a t u r e s .  One s u c h  m e a s u r e m e n t ,  
on C H , C l , ,  h a s  b e e n  c o m p l e t e d  a t  
l i q u i d  h y d r o g e n  t e m p e r a t u r e ,  and t h e  
o b s e r v e d  f r e q u e n c y  i n c r e a s e d  f r o m  
3 5 . 9 9 1 2  t o  3 6 . 2 3 2 5  m e g a c y c l e s ,  c o r -  
r e s p o n d i n g  t o  a c o u p l i n g  i n c r e a s e  
f r o m  7 1 . 9 8  t o  7 2 . 4 7  m e g a c y c l e s .  A l -  
t h o u g h  t h e  i n c r e a s e  i s  i n  t h e  r i g h t  
d i r e c t i o n  i t  i s  t o o  e a r l y  t o  p r e d i c t  
i f  i t  enough.  I t  w i l l  be n e c e s s a r y  
f i r s t  t o  c o m p l e t e  m e a s u r e m e n t s  on  t h e  
o t h e r  c o m p o u n d s  a t  l i q u i d  h y d r o g e n  
t e m p e r a t u r e  a n d  p o s s i b l y  a t  l i q u i d  
h e l i u m  t e m p e r a t u r e .  I t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  i f  t h e  CF3C1 c o u p l i n g  i n -  
c r e a s e s  a t  l o w e r  t e m p e r a t u r e s  i t  may 
b e  i n  e v e n  b e t t e r  a g r e e m e n t  w i t h  t h e  
g a s e o u s  v a l u e .  

T h e  o b s e r v e d  c o u p l i n g  f o r  s o l i d  
c h l o r i n e ,  1 0 8 .  5 m e g a c y c l e s ,  a n d  i t s  
c o m p a r i s o n  w i t h  t h e  a t o m i c  beam v a l u e  

m e n t i o n e d  i n  t h e  l a s t  q u a r t e r l y  r e -  
p o r t C g )  h a s  been  p u b l i s h e d . ( ” )  

T h e  q u a d r u p o l e  s p e c t r u m  a p p a r a t u s  
h a s  b e e n  r e b u i l t  s o  t h a t  m e a s u r e m e n t s  
c a n  be  more e a s i l y  made a t  l i q u i d  h y -  
d r o g e n  and  h e l i u m  t e m p e r a t u r e s .  The  
i m p r o v e m e n t  i n  s e n s i t i v i t y ,  o w i n g  t o  
a m o r e  f a v o r a b l e  B o l t z m a n n  d i s t r i -  
b u t i o n  o f  e n e r g y  l e v e l s ,  may make i t  
p o s s i b l e  t o  o b s e r v e  r e s o n a n c e s  a t  
much l o w e r  f r e q u e n c i e s  t h a n  i s  now 
p o s s i b l e .  The  new p o s s i b i l i t i e s  i n -  
c l u d e  n i t r o g e n  and b o r o n  compounds.  

NEUTRON DIFFRACTION STUDIES 

€4. A .  Levy and S. W .  P e t e r s o n  

S i n g l e - C r y s t a l  N e u t r o n  C r y s t a l -  
1 o g r a p  h y .  I n  t r o d u c  t ion. N e u t r o n  
c r y s t a l l o g r a p h y  t o  d a t e  h a s  e m p l o y e d  
t h e  p o w d e r  m e t h o d  f o r  c o l l e c t i o n  o f  
d a t a .  I n  t h i s  method t h e  s a m p l e  t a k e s  
t h e  f o r m o f  a packed  m a s s o f  m i c r o s c o p i c  
c r y s t a l l i t e s i n  r a n d o m  o r i e n t a t i o n s .  
W i t h  a v a i l a b l e  n e u t r o n  f l u x ,  t h e  
c o l l e c t i o n  o f  d a t a  i s  s e v e r e l y  l i m i t e d  
by  low i n t e n s i t y o f d i f f r a c t e d  n e u t r o n s  
a n d b y  p o o r  r e s o l u t i o n o f  o n e  d i f f r a c t e d  
l i n e  f r o m  a n o t h e r ;  t h e  l a t t e r  i s  
a s s o c i a t e d  w i t h  c o m p r o m i s e s  i n  t h e  
d e s i g n  o f  t h e  s p e c t r o m e t e r  n e c e s s a r y  
t o  m a k e  o p t i m u m  u s e  o f  t h e  l i m i t e d  
n e u t r o n  f l u x  a v a i l a b l e .  I n  p r a c t i c e  
t h e s e  1 i m i t a t i o n s  h a v e  r e s t r i c t e d  
f e a s i b l e  c r y s t a l  s t r u c t u r e  p r o b l e m s  
t o  c r y s t a l s o f h i g h s y m m e t r y  ( t e t r a g o n a l  
or h i g h e r ) ,  s m a l l  c e l l  d i m e n s i o n s ,  and  
few p a r a m e t e r s .  

T h e s e  l i m i t a t i o n s  l a r g e l y  d i s -  
a p p e a r  i n  an e x p e r i m e n t a l  m e t h o d  i n  
wh ich  t h e  s a m p l e  i s  a s i n g l e  c r y s t a l .  

( 8 ) H .  G. Dehmelt and H. Kriiger,  I‘ Quadrupol- 
R e s o n a n z f r e q u e n z e n  v o n  C1- und B r - K e r n e n  i n  
K r i s t a l l i n e m  D i c h l o r l t h  l e n  und Methy lb romid ,”  
2. Physik. 129, 401 (19511. 

(’)R. Livingston,  op. c i t . ,  esp .  p. 110. 
( l o ) R .  L i v i n g s t o n ,  “ The  P u r e  Q u a d r u p o l e  

Spectrum o f  S o l i d  C h l o r i n e , ”  J .  Chern. P h y s .  1 9 ,  
803 (1951). 
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G r e a t l y  i n c r e a s e d  r e s o l u t i o n  w i t h o u t  
i n t e n s i t y  l o s s  a r i s e s  f r o m  t h e  f a c t  
t h a t  o b s e r v a t i o n  o f  a r e f l e c t i o n  d e -  
p e n d s  on  a d j u s t m e n t  o f  t h r e e  p a r a m -  
e t e r s - t w o  a n g l e s  o f  o r i e n t a t i o n  f o r  
t h e  c r y s t a l  s p e c i m e n  and o n e  f o r  t h e  
d e t e c t i n g  c o u n t e r - r a t h e r  t h a n  o n l y  
t h e  l a t t e r  a s  i n  t h e  p o w d e r  m e t h o d .  
The f o l l o w i n g  f u r t h e r  a d v a n t a g e s  o f  
s i n g l e  c r y s t a l  m e t h o d s  may be  l i s t e d :  

I n  t h e  powder 
m e t h o d  o n l y  t h a t  f r a c t i o n ,  o f  t h e  
o r d e r  o f  1%, o f  t h e  r a n d o m  a r r a y  o f  
c r y s t a l l i t e s  w h i c h  a r e  c o r r e c t l y  
o r i e n t e d  c o n t r i b u t e  t o  o b s e r v a t i o n  o f  
a g i v e n  r e f l e c t i o n .  I n  a s i n g l e  
c r y s t a l  m e t h o d  t h e  e n t i r e  s a m p l e ,  
when c o r r e c t l y  o r i e n t e d ,  c o n t r i b u t e s  
t o  t h e  r e f l e c t i o n .  Sample s i z e s  m i g h t  
t h u s  be r e d u c e d  1 0 0 - f o l d .  

Reduced Sample S i z e .  

R e d u c e d  D i f f u s e  B a c k g r o u n d .  When 
i n c o h e r e n t  s c a t t e r i n g  c o n t r i b u t e s  a 
h e a v y  d i f f u s e  b a c k g r o u n d  t o  a d i f -  
f r a c t i o n  p a t t e r n ,  t h i s  b a c k g r o u n d  
would b e  r e d u c e d  i n  p r o p o r t i o n  t o  t h e  
m a s s  o f  t h e  s a m p l e ,  t h a t  i s ,  o f  t h e  
o r d e r  o f  1 0 0 - f o l d .  The n e c e s s i t y  f o r  
d e u t e r a t i o n  o f  h y d r o g e n -  c o n t a i n i n g  
m a t e r i a l s  m i g h t  w e l l  be e l i m i n a t e d .  

I n d i v i d u a l  R e f l e c t i o n s  O b s e r v a b l e .  
As i n  X - r a y  c r y s t a l l o g r a p h y ,  a l l  re- 
f l e c t i o n s  c a n  be  i n d i v i d u a l l y  o b s e r v e d  
i n  most s i n g l e  c r y s t a l  m e t h o d s ,  where-  
as ,  w i t h  powders ,  r e f l e c t i o n s  o c c u r r i n g  
a t  t h e  s a m e  B r a g g  a n g l e  a r e  n e v e r  
r e s o l v a b l e .  

I n  s p i t e  o f  t h e  f o r e g o i n g  a d v a n -  
t a g e s ,  s i n g l e - c r y s t a l  n e u t r o n  c r y s t a l -  
l o g r a p h y  h a s  b e e n  n e g l e c t e d  i n  f a v o r  
o f  t h e  p o w d e r  m e t h o d  b e c a u s e  o f  t h e  
e x i s t e n c e  o f  s e r i o u s  u n c e r t a i n t y  i n  
t h e  i n t e r p r e t a t i o n  o f  s i n g l e  c r y s t a l  
i n t e n s i t y  d a t a .  T h i s  u n c e r t a i n t y  
a r i s e s  f r o m  t h e  phenomenon  known a s  
e x t i n c t i o n .  B r i e f l y ,  t h i s  phenomenon 

e n t e r s  as f o l l o w s :  For a s u f f i c i e n t l y  
s m a l l  c r y s t a l  r o t a t e d  i n  a beam o f  
r a d i a t i o n  ( X - r a y  o r  n e u t r o n )  w i t h  
a n g u l a r  v e l o c i t y  o t h e  i n t e g r a t e d  
p o w e r  i n  a B r a g g  r e f l e c t i o n  E i s  
g i v e n  by 

E = I ,QV/w 

where  I ,  i s  t h e  i n c i d e n t  i n t e n s i t y ,  V 
t h e  v o l u m e  o f  t h e  c r y s t a l ,  a n d  Q a 
q u a n t i t y  c a l c u l a b l e  from t h e  ' s t r u c t u r e  
o f  t h e  c r y s t a l  a n d  t h e  e x p e r i m e n t a l  
a r r a n g e m e n t .  T h e  d e t e r m i n a t i o n  o f  Q 
i s  t h e  o b j e c t  o f  t h e  m e a s u r e m e n t .  I n  
t h i s  e x p r e s s i o n  i t  i s  a s s u m e d  t h a t  a 
n e g l i g i b l e  f r a c t i o n  o f  t h e  i n c i d e n t  
i n t e n s i t y  i s  r e f l e c t e d ,  s o  t h a t  a l l  
p a r t s  o f  t h e  c r y s t a l  a r e  u n i f o r m l y  
i r r a d i a t e d ,  a v a l i d  a s s u m p t i o n  i f  v i s  
s m a l l  e n o u g h .  I f  t h i s  i s  n o t  t r u e ,  
t w o  t y p e s  o f  d e v i a t i o n s  m a y  o c c u r ,  
b o t h  o f  which d e c r e a s e  t h e  v a l u e  o f  E .  
I n  p e r f e c t  c r y s t a l s ,  i n  w h i c h  t h e r e  
i s  p h a s e  c o h e r e n c e  o f  r a d i a t i o n  i m -  
p i n g i n g  on  d i f f e r e n t  p a r t s  o f  t h e  
c r y s t a l ,  t h i s  d e c r e a s e  i s  c a l l e d  
p r i m a r y  e x t i n c t i o n ;  i n  m o s a i c  c r y s t a l s ,  
i n  w h i c h  p h a s e  c o h e r e n c e  i s  l a c k i n g ,  
t h e  p h e n o m e n o n  i s  c a l l e d  s e c o n d a r y  
e x t i n c t i o n .  I n  r e a l  c r y s t a l s ,  b o t h  
phenomena o c c u r ,  a l t h o u g h  t h e  l a t t e r  
i s  u s u a l l y  p r e d o m i n a n t .  When e i t h e r  
t y p e  o f  e x t i n c t i o n  i s  i m p o r t a n t ,  t h e  
e x a c t  c a l c u l a t i o n  o f  E i s  a c o m p l e x  
m a t t e r ,  d e p e n d i n g  on t h e  c r y s t a l  s i z e  
a n d  s h a p e ,  and,  i n  t h e  c a s e  o f  m o s a i c  
c r y s t a l s ,  s t a t e  o f  p e r f e c t i o n  or m o s a i c  
s p r e a d .  

A t h e o r e t i c a l  e x a m i n a t i o n  o f  t h e  
i m p o r t a n c e  o f  e x t i n c t i o n  i n  n e u t r o n  
c r y s t a l l o g r a p h y  h a s  b e e n  m a d e  b y  
Bacon  a n d  L o w d e . ( " )  T h e s e  w o r k e r s  
e x t e n d e d  t h e  u s u a l  f o r m u l a s  o f  X - r a y  

(")G. E. Bacon and R. D. Lowde, " Secondary 
Extinction and Neutron Crystallography, " A c t a  
Crystallographica 1, 303 (1948). 
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d i f f r a c t i o n  t o  a p p l y  t o  n o n a b s o r b i n g  
or s l i g h t l y  a b s o r b i n g  c r y s t a l s  ( t h e  
s i t u a t i o n  a p p l i c a b l e  t o  t h e  n e u t r o n  
c a s e )  a n d  a p p l i e d  t h e i r  r e s u l t s  t o  
n u m e r i c a l  c o m p u t a t i o n  f o r  t h e  s t r o n g  
r e f l e c t i o n s  o f  m a g n e s i u m  o x i d e  t o  
o b t a i n  t h e  d e v i a t i o n  o f  E f r o m  t h e  
s i m p l e  QV e x p r e s s i o n .  They  c o n c l u d e d  
t h a t  i n  c r y s t a l s  s u f f i c i e n t l y  l a r g e  
t o  u s e  f o r  n e u t r o n  c r y s t a l l o g r a p h y  
( i . e . ,  l a r g e  e n o u g h  t o  p e r m i t  t h e  
o b s e r v a t i o n  o f  many r e f l e c t i o n s  w i t h  a 
s i n g l e  s p e c i m e n )  s e c o n d a r y  e x t i n c t i o n  
would be o f  o v e r r i d i n g  i m p o r t a n c e  and  
w o u l d  p r e c l u d e  t h e  p o s s i b i l i t y  o f  
d e t e r m i n i n g  t h e  q u a n t i t y  Q f r o m  e x -  
p e r i m e n t a l  d a t a .  T h e y  f u r t h e r  e s t i -  
m a t e d  t h a t  c r y s t a l s  s m a l l  e n o u g h  t o  
p e r m i t  d e t e r m i n a t i o n  o f  Q c o u l d  b e  n o  
l a r g e r  t h a n  0 . 1  m m  i n  t h i c k n e s s ,  much 
t o o  s m a l l  f o r  u s e  w i t h  m o n o c h r o m a t i c  
n e u t r o n  beams t h e n  a v a i l a b l e .  

A s i n g l e  c r y s t a l  method o f  l i m i t e d  
a p p l i c a b i l i t y  was l a t e r  p r o p o s e d  by 
L o w d e . ( I 2 )  T h i s  p r o c e d u r e  employed  a 
p o l y c h r o m a t i c  n e u t r o n  beam d i r e c t l y  
from a n u c l e a r  r e a c t o r .  The e l i m i n a -  
t i o n  o f  t h e  m o n o c h r o m a t i n g  s t e p  p e r -  
m i t t e d  s u f f i c i e n t  i n c r e a s e  i n  i n -  
t e n s i t y  ( l a r g e l y  b y  r e l a x i n g  t h e  
s e v e r e  beam c o l l i m a t i o n  a c h i e v e d  by 
B r a g g  r e f l e c t i o n )  t o  p e r m i t  o b s e r v a -  
t i o n  o f  s t r o n g  r e f l e c t i o n s  f r o m  a 
s i n g l e  c r y s t a l  o f  volume a s  s m a l l  as 
1 m m 3 .  T h i s  u s e  o f  a p o l y c h r o m a t i c  
beam, h o w e v e r ,  i n t r o d u c e s  t h e  s e r i o u s  
d i s a d v a n t a g e  o f  m a k i n g  i t  i m p o s s i b l e  
t o  o b s e r v e  i n d i v i d u a l l y  t h e  v a r i o u s  
o r d e r s  o f  a r e f l e c t i o n ,  a f e a t u r e  
w h i c h  w o u l d  s e r i o u s l y  l i m i t  a p p l i -  
c a b i l i t y  o f  t h e  me thod .  

We h a v e  b e e n  l e d  t o  q u e s t i o n  t h e  
v a l i d i t y o f  t h e  s e v e r e  s i z e  r e s t r i c t i o n  

~ ~~ 

( 1 2 ) R .  D. Lowde., A Technique for Single Crystal, 
Neutron Diffraction Analysis, Report No. A.E.R.E. 
G/R 577, Harwell, England (1950). 

p u t  f o r t h  b y  B a c o n  a n d  Lowde b y  t h e  
f o l  1 owing c o n s i d e r  a t  i o n s  : 

1. 

2. 

3 .  

T h e i r  c o n s i d e r a t i o n  w a s  b a s e d  
on t h e  s t r o n g e s t  r e f l e c t i o n  f rom 
magnes ium o x i d e .  T h e  s e v e r i t y  
o f  s e c o n d a r y  e x t i n c t i o n i s  s t e e p l y  
d e p e n d e n t  on t h e  r e f l e c t i n g  power 
o f  t h e  c r y s t a l  p l a n e  i n  q u e s t i o n ,  
s o  t h a t  f o r  more w e a k l y  r e f l e c t i n g  
p l a n e s t h e  e x t i n c t i o n  c o r r e c t i o n s  
w o u l d  b e  much s m a l l e r  a n d  c o r -  
r e s p o n d i n g l y t h e  s i z e  l i m i t a t i o n s  
l e s s  seve re .  

I t  i s  o f t e n  p o s s i b l e  i n  X - r a y  
c r y s t a l l o g r a p h y  t o  make a p p r o x i -  
m a t e  c o r r e c t i o n s  f o r  e x t i n c t i o n  
by  u s e  o f  a s i m p l e  f o r m u l a  i n -  
v o l v i n g  o n e  e m p i r i c a l l y  d e t e r -  
mined  p a r a m e t e r  f o r  t h e  c r y s t a l  
s p e c i m e n  u s e d .  The same  p r o c e -  
d u r e  s h o u l d  b e  a p p l i c a b l e ,  a t  
l e a s t  i n  some i n s t a n c e s ,  i n  t h e  
n e u t r o n  c a s e .  

The  i n t r o d u c t i o n  o f  m e t a l  c r y s -  
t a l  m o n o c h r o m a t o r s  h a s  m a d e  
a v a i l a b l e  m o n o c h r o m a t i c  n e u t r o n  
beams m o r e  i n t e n s e  b y  a f a c t o r  
of  a b o u t  8 t h a n  t h o s e  c o n s i d e r e d  
by  Bacon and Lowde, m a k i n g  p o s -  
s i b l e  t h e  u s e  o f  s m a l l e r  c r y s -  
t a l s  t h a n  was  f o r m e r l y  t h o u g h t  
f e as i b l  e .  

We h a v e  made  an e m p i r i c a l  t e s t  o f  
t h e  f e a s i b i l i t y  o f  u t i l i z i n g  s i n g l e -  
c r y s t a l  n e u t r o n  i n t e n s i t y  f o r  c r y s -  
t a l  s t r u c t u r e  s t u d i e s  b y  m e a s u r i n g  
r e f l e c t i o n s  f r o m  s e v e r a l  s p e c i m e n s  o f  
a c r y s t a l  o f  known s t r u c t u r e ,  N a C 1 .  
T h e  r e s u l t s ,  g i v e n  i n  T a b l e  2 . 1  a n d  
2 . 2  h a v e  b e e n  d e c i d e d l y  e n c o u r a g i n g .  
R e l a t i v e  o b s e r v e d  i n t e n s i t i e s  were  
p r e d i c t a b l e  t o  1 1 0 %  w i t h o u t  e x -  
t i n c t i o n  c o r r e c t i o n s  w i t h  a s p e c i m e n  
vo lume  a s  l a r g e  a s  ' 7 . 3  mm3, a n d  t h i s  
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TABLE 2.1 

Experimental and Theoretical 
Intensitiesfrom a Single 
Sodium Chloride Crystal 

S i z e  o f  specimen: 0 . 0 1 0 5  g ,  ap rox imate ly  
1 . 5  x 1 . 7  x 5 . 4  mm par- 
a l l e l  t o  cube axes  

[ O l l ] ,  i n  p l a n e  o f  t h e  two 
l a r g e r  d imensions  

R o t a t i o n  a x i s :  

INDICES 

111 
200 
220 
3 11 
222 
400 
331 
422 
333 
511 
440 
600 
4 4 2  
5 33 
622 
444  
7 11 
5 5 1  
553 

CALCULATED 
:Eu/10,h3m) x 

2 . 5 8  
9 . 4 5  
6 . 2 9  
1 . 2 0  

4 . 0 2  
0 . 8 2 8  
2 . 7 7  
0 . 6 3 0  
0 . 6 3 0  
2 . 3 4  
2 . 1 0  
2 . 1 0  
0 . 4 1 6  
1 . 7 5  
1 . 6 1  
0 . 3 5 8  
0 . 3 5 8  
0 . 3 1 2  

4 .  a 5  

OBSERVED 
E / m )  x 

3 0 . 2  
1 0 5 . 2  
7 3 . 2  
1 5 . 3  
61 .  3 
4 7 . 5  

3 5 . 6  
9 . 9 0  

8 . 0 4  
a .  65 

2 8 . 8  
2 4 . 9  
2 6 . 8  

2 1 . 9  
2 1 . 1  

6 . 0 7  

4 . 5 2  
4 . 5 6  
4 . 4 4  

1 1 . 7  
1 1 . 2  
1 1 . 6  
1 2 . 7  
1 2 . 6  
1 1 . 8  
1 2 . 0  
1 2 . 8  
12.  a 
1 3 . 7  
1 2 . 3  
1 1 . 8  
1 2 . 7  
1 4 . 6  
1 2 . 5  
1 3 . 1  
1 2 . 6  
1 2 . 7  
1 4 . 2  

a g r e e m e n t  i s  somewhat i m p r o v e d  w i t h  a 
s m a l l  e x t i n c t i o n  c o r r e c t i o n .  I f  t h i s  
c a s e  p r o v e s  t o  b e  t y p i c a l ,  t h e  s i n g l e  
c r y s t a l  method w i l l  be  q u i t e  p r a c t i c a l  
f o r  c r y s t a l  s t r u c t u r e  s t u d i e s  b y  
n e u t r o n  d i f f r a c t i o n .  

E x p e r i m e n t a l .  T h r e e  s p e c i m e n s  o f  
NaCl o f  d i f f e r e n t  s i z e s ,  c l e a v e d  f rom 

a s i n g l e  s y n t h e t i c  l a r g e  c r y s t a l ,  were 
mounted w i t h  wax on t h e  e n d  o f  a g l a s s  
f i b e r  s e t  i n  a g o n i o m e t e r  h e a d  i n  a 
manner q u i t e  s i m i l a r  t o  s t a n d a r d  X- ray  
c r y s t a l l o g r a p h i c  p r a c t i c e .  The d e s i r e d  
c r y s t a l  zone a x e s  were  b r o u g h t  p a r a l l e l  
t o  t h e  r o t a t i o n  a x i s  o f  t h e  s p e c t r o m e t e r  
by  max imiz ing  t h e  i n t e n s i t y  o f  s e v e r a l  
n e u t r o n  r e f l e c t i o n s  a s  a f u n c t i o n  o f  
t h e  r o c k i n g  a d j u s t m e n t s  o f  t h e  goniom- 
e t e r  h e a d .  The p r o c e d u r e  f o r  m e a s u r i n g  
r e f l e c t i o n  i n t e n s i t i e s  was a s  f o l l o w s :  
T h e  c o r r e c t  c o u n t e r  s e t t i n g  f o r  a 
p a r t i c u l a r  r e f l e c t i o n  w a s  c o m p u t e d  
f r o m  t h e  n e u t r o n  w a v e l e n g t h  a n d  t h e  
known i n t e r p l a n a r  s p a c i n g  a n d  t h e  
c o u n t e r  a n g l e  s o  a d j u s t e d .  The c r y s -  
t a l  was t h e n  r o t a t e d  a b o u t  t h e  c h o s e n  
zone a x i s  u n t i l  t h e  r e f l e c t i o n  r e a c h e d  
maximum c o u n t i n g  r a t e .  T h e  c r y s t a l  
and  c o u n t e r  were t h e n  g e a r e d  t o g e t h e r  
and t h e  e n t i r e  r e f l e c t i o n  was s c a n n e d ,  
t h e  c r y s t a l  u s u a l l y  r o t a t i n g  a t  t h e  
r a t e  o f  8 ' / h r  and t h e  c o u n t e r  s y n c h r o -  
n o u s l y  a t  16O/hr .  The t o t a l  number o f  
c o u n t s  i n  t h e  r e f l e c t i o n  was r e c o r d e d  
b y  m e a n s  o f  a s c a l e r  a n d  r e g i s t e r ,  
and t h e  b a c k g r o u n d  r a t e ,  w i t h  c r y s t a l  
and c o u n t e r  j u s t  o u t  o f  t h e  r e f l e c t i n g  
p o s i t i o n ,  w a s  s i m i l a r l y  r e c o r d e d .  
S i m u l t a n e o u s l y  t h e  s h a p e  o f  t h e  r e -  
f l e c t i o n  was a u t o m a t i c a l l y  r e c o r d e d  by 
means o f  a c o u n t - r a t e  meter and s t r i p -  
c h a r t  r e c o r d e r .  A f t e r  t h e  c o r r e c t  
c o r r e l a t i o n  o f  c r y s t a l  and c o u n t e r  had  
b e e n  f o u n d  f o r  o n e  r e f l e c t i o n  i n  a 
z o n e ,  t h a t  f o r  a l l  t h e  r e m a i n i n g  r e -  
f l e c t i o n s  i n  t h a t  z o n e  c o u l d  b e  com- 
p u t e d ;  t h e s e  c o m p u t e d  s e t t i n g s  w e r e  
found  t o  be  c o r r e c t  e x p e r i m e n t a l l y .  

R e s u l t s .  T a b l e  2 . 3  p r e s e n t s  t h e  
r e s u l t s  o f  t h e  m e a s u r e m e n t s  f o r  o n e  
s p e c i m e n ,  t h e  s m a l l e s t ,  f o r  w h i c h  
e x t i n c t i o n  c o r r e c t i o n s  s h o u l d  b e  
l e a s t  i m p o r t a n t .  F o r  c o m p a r i s o n  w i t h  
t h e o r y ,  t h e  a p p r o p r i a t e  e x p r e s s i o n ,  
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INDICES 

111 
200 
220 
400 
331 
422 
333 
51 1 
440 
600 
533 
711 

TABLE 2 . 2  

Comparison o f  I n t e n s i t i e s  f rom T h r e e  Sodium C h l o r i d e  S p e c i m e n s  
R o t a t i o n  a x i s :  L O 1 1 1  i n  p l a n e  o f  t h e  t w o  l a r g e r  d i m e n s i o n s  

INTENSITY [ ( c o u n t s / g )  x 

SMALL SAMPLE, 1 0 . 5  mg, 
1 . 5  x 1.7  x 2.4 mm 

30 .2  
105 .2  

73 .2  
47.5 

9.90 
35 .6  

8 .04  
8 . 6 5  

28 .8  
2 4 . 9  

6 .07  
4 .52  

MEDIUM SAMPLE, 1 5 . 8  mg, 
0 . 6  x 2 . 5  x 4 . 5  mm 

31 .8  
1 0 0 . 3  

81 .0  
47 .4  
1 0 . 2  
3 4 . 1  

7 . 8  
7 . 6  

28 .7  
25 .4  

5 .0  
4 . 3  

a d a p t e d  f r o m  t h e  s t a n d a r d  X - r a y  e x -  
p r e s s i o n ,  is 

i n  which E,,,, is t h e  number o f  n e u t r o n s  
d i f f r a c t e d  i n t o  B r a g g  r e f l e c t i o n  
( h k l ) ,  I, i s  t h e  i n c i d e n t  i n t e n s i t y ,  
h t h e  n e u t r o n  w a v e l e n g t h ,  m t h e  m a s s  
o f  t h e  s p e c i m e n ,  NA A v o g a d r o ' s  number, 
N t h e  number o f  u n i t  c e l l s  o f  c r y s t a l  
p e r  u n i t  v o l u m e ,  F,k1 t h e  s t r u c t u r e  
f a c t o r  f o r  t h e  r e f l e c t i o n ,  w t h e  
a n g u l a r  v e l o c i t y  o f  r o t a t i o n  o f  t h e  
c r y s t a l ,  M t h e  m o l e c u l a r  w e i g h t ,  Z t h e  
number o f  m o l e c u l e s  p e r  u n i t  c e l l ,  and 
8 t h e  B r a g g  a n g l e .  S c a t t e r i n g  a m p l i -  
t u d e s  u s e d  f o r  Na a n d  C l  w e r e  t h o s e  

LARGE SAMPLE, 72 .9  mg, 
1 . 6  x 4 .0  x 4.6  mm 

28 .9  
7 8 . 3  

7 .22  

26.0 
17 .5  

g i v e n  b y  S h u l l  a n d  W o l l a n . ( 1 3 )  I n -  
d i v i d u a l  t e m p e r a t u r e  factors, 

e x p  [ - B ( s i n  B/h)2], 

were  u s e d  f o r  Na  a n d  C 1 ,  w i t h  t h e  
v a l u e s  

B,. = 1 . 5 5  X 

and 
B , ,  = 1 . 2 5  X 

g i v e n  b y  W a l l e r  and J a m e s . ( 1 4 )  T h e  

~~ ________ 

( 1 3 ) C .  G. S h u l l  and E. 0. Wollan,  I' Coheren t  
S c a t t e r i n g  ,$n l i t u d e s  a s  Determined  by N e u t r o n  
D i f f r a c t i o n ,  Fhys. Rev.  81,  527 (1951). 

(14)I. Waller and R. W. James ,  On t h e  Tem- 
p e r a t u r e  F a c t o r s  o f  X-Ray R e f l e x i o n  for, ,Sodium 
and C h l o r i n e  i n  t h e  Rock S a l t  C r y s t a l ,  P r o c .  
Roy. SOC. London Al l? ,  214 (1927). 
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TABLE 2.3 m e a s u r e d  v a l u e s  o f  E h k , / m ,  a n d  t h e  
f o u r t h  c o l u m n  t h e  a p p r o p r i a t e  r a t i o  
g i v i n g  e x p e r i m e n t a l  v a l u e s  o f  I , ~ ’ / w .  
T h e  c o n s t a n c y  o f  t h e s e  v a l u e s  i s  a 

Yields of Technetium from 

RUN NO. 

Chalk 
River 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

H an f ord 

1 
2 
3 
4 

Total 

Individual Runs 

;ROSS BETA 
N CRUDE Tc 
PRODUCT* 
(mc) 

- 

35 
38 
35 
76 
51 
95 
91 
66 
134 
122 
123 
15 1 
129 
54 

65 

28 
57 

35 

TOTAL Tc 
’RODUCT BY 
ANALYSIS 

(mg) 
- 

520 
678 
5 17 
68 8 
7 76 
992 
980 
791 

1,474 
8 15 

1,093 
1,351 
1,533 
612 

1,907 
1,680 

16,407 

46 7 
436 
43 1 
782 

2,116 

18,850 

TOTAL Tc 
PURIFIED 
DISTILLED) 

(mg) 

118 
209 
47 1 

t e s t  o f  t h e  a p p l i c a b i l i t y  o f  e x -  
p r e s s i o n  ( 1 )  a n d  i n d i c a t e s  t h a t  t h e  
spec imen  i s  b e h a v i n g  v e r y  n e a r l y  a s  a n  
i d e a l  c r y s t a l .  A c t u a l l y  t h e r e  a p p e a r s  
t o  be  a s l i g h t  t e n d e n c y  f o r  t h e  v a l u e s  
from s t r o n g  r e f l e c t i o n s  t o  be l o w e r  i n  
p r o p o r t i o n  t o  t h e  i n t e n s i t y  o f  t h e  
r e f l e c t i o n .  T h i s  i s  i n  a c c o r d  w i t h  
t h e  a p p r o x i m a t e  e x p r e s s i o n  f o r  t h e  
e f f e c t  o f  s e c o n d a r y  e x t i n c t i o n , ( ” )  

- 
I c o r r  - Iob, / [ l  - gIoJ 

E v a l u a t i o n  o f  t h e  c o r r e c t i o n  b y  a 
g r a p h i c a l  p r o c e d u r e  gave t h e  c o r r e c t e d  
v a l u e *  o f  I O X 3 / w  o f  1 3 . 0  X 10’l6. The 
c o r r e s p o n d i n g  v a l u e *  o f  I ,  i s  3 . 8  X 10’ 
coun t s /min /cm2 .  T h i s  v a l u e  i s  c h a r a c -  
t e r i s t i c s  o f  t h e  c e n t r a l ,  most i n t e n s e  
p o r t i o n  o f  t h e  n e u t r o n  beam a n d  i s  
c o n s i s t e n t  w i t h  t h a t  o b t a i n e d  f r o m  
measuremen t s  on n i c k e l  powder.  

T a b l e  2 . 2  shows  t h e  c o m p a r i s o n  o f  
i n t e n s i t i e s  o b t a i n e d  f r o m  t h e  t h r e e  
c r y s t a l  s p e c i m e n s .  T h e  q u a n t i t i e s  
l i s t e d  a r e  E h k l / m ,  t h e  n u m b e r  o f  
n e u t r o n s  c o u n t e d  p e r  g r a m  o f  c r y s -  
t a l ,  c o r r e c t e d  f o r  v a r i a t i o n s  i n  
i n c i d e n t  beam i n t e n s i t y .  I t  i s  s e e n  
t h a t  t h e  s t r o n g e s t  r e f l e c t i o n s  i n  t h e  
l a r g e r  c r y s t a l  show a t e n d e n c y  t o  be  
low,  i n d i c a t i n g  g r e a t e r  e x t i n c t i o n  i n  
t h e s e  s p e c i m e n s .  The g r e a t e s t  e f f e c t  
i s ,  however ,  o n l y  25%. 

C o n c l u s i o n .  T h e  d e g r e e  o f  c o n -  
f o r m i t y  o f  t h e  s m a l l  c r y s t a l  s p e c i m e n  
t o  i d e a l  b e h a v i o r  i s  ample f o r  s t r u c -  
t u r e  d e t e r m i n a t i o n  p u r p o s e s .  Even t h e  

*Specific activity of Tcg9 2 10 mc per 1000 mg. 

( 15)Internationale Tabellen zur Bestimmung 
s e c o n d  c o l u m n  o f  t h e  t a b l e  l i s t s  von Kristallstrukturen, rev. ed., v o l .  11, 

f r o m  *This value is associated with a reading of 
E q .  ( 2 ) .  T h e  t h i r d  c o l u m n  l i s t s  the beam monitor of 3.45 x 105 counts/min. 

p.  261, Ann Arbor, Mich., 1944. 
O f  Ehklw/10X3m 
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l a r g e r  s p e c i m e n s  d o  n o t  show s e r i o u s  
d e p a r t u r e s  f r o m  i d e a l i t y ,  e x c e p t  f o r  
t h e  s t r o n g e s t  r e f l e c t i h s .  I f  c r y s -  
t a l s  e n c o u n t e r e d  i n  s t r u c t u r a l  s t u d i e s  
b e h a v e  s i m i l a r l y ,  t h e r e  i s  e v e r y  
r e a s o n  t o  b e l i e v e  t h a t  s i n g l e  c r y s t a l  
m e t h o d s  w i l l  b e  f e a s i b l e  a n d  w i l l  
o p e n  c o m p l e x  s t r u c t u r e s  t o  a t t a c k  by 
n e u t r o n  d i f f r a c t i o n .  I n a s m u c h  a s  w e  
h a v e  f o u n d  c r y s t a l s  much l a r g e r  t h a n  
t h e  l i m i t i n g  s i z e  o f  Bacon and Lowde(") 
t o  b e h a v e  n e a r l y  i d e a l l y ,  a c r i t i c a l  
e v a l u a t i o n  o f  t h e i r  t h e o r e t i c a l  t r e a t -  
ment seems t o  be i n  o r d e r .  

work in Progress. Ammonium bromide: 
A b r i e f  d e s c r i p t i o n  o f  t h e  s t r u c t u r a l  
s t u d y  o f  deuteroammonium b r o m i d e ,  re-  
p o r t e d  i n  t h e  l a s t  q u a r t e r l y  r e -  
p o r t ,  ( ' 6 ,  h a s  b e e n  s u b m i t t e d  f o r  pub-  
l i c a t i o n  a s  a L e t t e r  t o  t h e  E d i t o r  i n  
P hys  i c a 1 Rev i ew . 

A m m o n i u m  c h  1 o r  ide : D i  f f r a c  t i o n  
d a t a  f r o m  d e u t e r o a m m o n i u m  c h l o r i d e  
h a v e b e e n  c o l l e c t e d  a n d  p r e l i m i n a r y  
c o m p u t a t i o n s  h a v e  b e e n  made w i t h  t h e  
h e l p  o f  B a r b a r a  M c G i l l  o f  t h e  M a t h e -  
m a t i c s  P a n e l .  Some s i n g l e  c r y s t a l  
d a t a  f r o m  o r d i n a r y  ammonium c h l o r i d e  
h a v e  a l s o  been  c o l l e c t e d .  

Vitreous silica ( w i t h W . 0 .  M i l l i g a n ,  
Rice  I n s t i t u t e ) :  A r a d i a l  d i s t r i b u t i o n  
i n t e g r a l  h a s  been  computed from n e u t r o n  
s c a t t e r i n g  d a t a .  I n t e r p r e t a t i o n  o f  
t h i s  i n t e g r a l  i s  now i n  p r o g r e s s .  A 
c o m p l e t e  d e s c r i p t i o n  w i l l  p r o b a b l y  b e  
t h e  s u b j e c t  o f  a s p e c i a l  r e p o r t .  

P o t a s s i u m  bifluoride: E x t e n s i v e  
s i n g l e  c r y s t a l  d a t a h a v e  been  c o l l e c t e d  
a n d  t h e i r  i n t e r p r e t a t i o n  i s  n e a r l y  
c o m p l e t e  . 

Platinum oxide and palladium oxide 
( w i t h  J .  W a s e r ,  R i c e  I n s t i t u t e ) :  
N e u t r o n  d i f f r a c t i o n  d a t a  f rom powdered 
p l a t i n u m  a n d  p a l l a d i u m  o x i d e s  h a v e  
b e e n  c o l l e c t e d .  I n t e r p r e t a t i o n  i s  
underway.  

Br, - BrO,' EXCHANGE USING RADIOACTIVE 
Br8, 

0. E. Myers a n d R .  W .  S t o u g h t o n  

The  k i n e t i c s  o f  t h e  B r , *  - B r 0 3 '  
i s o t o p i c - e x c h a n g e  r e a c t i o n  a r e  b e i n g  
s t u d i e d  by means o f  3 6 - h r  B r 8 ,  t r a c e r  
u s i n g  a m e t h o d  d e s c r i b e d  p r e v i o u s -  
1 Y .  ( 1 7 )  More t h a n  150  r u n s  h a v e  b e e n  
f o l l o w e d  f o r  a maximum p e r i o d  o f  a b o u t  
t h r e e  weeks.  The e x p e c t e d  e x p o n e n t i a l  
l a w  was n o t  f o l l o w e d  v e r y  w e l l ;  s u b -  
s e q u e n t  w o r k  h a s  shown  t h a t  t h i s  i s  
a r e s u l t  o f  t h e  s l o w  f o r m a t i o n  o f  
e q u i l i b r i u m  a m o u n t s  o f  HBrO,  w h i c h  
u n d e r g o e s  r a p i d  e x c h a n g e  w i t h  B r , .  

N e i t h e r  t h e  r a t e  o f  f o r m a t i o n  o f  
HBrO, which i s  n o  d o u b t  r e l a t e d  t o  t h e  
e x c h a n g e  r a t e ,  n o r  t h e  amount p r e s e n t  
a t  e q u i l i b r i u m  i s  s u f f i c i e n t l y  w e l l  
known t o  p e r m i t  an unambiguous  i n t e r -  
p r e t a t i o n  o f  t h e  d a t a  a t  t h e  p r e s e n t  
t i m e .  R e c e n t  e f f o r t s h a v e b e e n  d i r e c t e d  
t o w a r d  a n  i n d i r e c t  d e t e r m i n a t i o n  o f  
t h e  HBrO c o n c e n t r a t i o n  i n  t h e  s y s t e m .  
Skew Y t u b e s  were c o n s t r u c t e d  a s  shown 
( s e e  F i g .  2 . 2 )  w i t h  20 m l  o f  s t a n d a r d  
a c i d i f i e d  B r , *  s o l u t i o n  i n  o n e  arm 
and  20 m l  o f  a known c o n c e n t r a t i o n  o f  
H B r 0 3  i n  t h e  o t h e r ;  t h e  t u b e s  were  
f r o z e n ,  e v a c u a t e d ,  and s e a l e d .  In  t h e  
v e r t i c a l  p o s i t i o n  e i t h e r  arm c o u l d  b e  
p l a c e d  i n  f r o n t  o f  a c o u n t e r ;  i n  t h e  
h o r i z o n t a l  p o s i t i o n  t h e  s o l u t i o n s  
c o u l d  b e  e f f i c i e n t l y  s t i r r e d ,  w i t h o u t  
b e i n g  mixed,  and l a r g e  l i q u i d  s u r f a c e s  

( 1 6 ) H .  A. Levy and S. W. P e t e r s o n ,  '' Neutron 
D i f f r a c t i o n  S t u d y  rJ,f t h e  C r y s t a l  S t r u c t u r e  o f  
Ammonium B r o m i d e ,  ORNL-1053, o p .  c i t . ,  p .  
93. 

(17)S. M. McElvain a:d J.  F. Vozza, " P i p e r -  
i d i n e  D e r i v a t i v e s .  XX, J .  A m .  C h e m .  SOC. 7 2 ,  
897 (1950). 
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Fig .  2 . 2  - Y Tube f o r  Determining 
Br -BrO, Exchange Using Radioactive 
Br . 2 2  

were p r e s e n t e d .  A t t a i n m e n t  o f  v a p o r  
p h a s e  e q u i l i b r i u m  was v e r y  much f a s t e r  
t h a n  t h e  a t t a i n m e n t  o f  e x c h a n g e  
e q u i l i b r i u m ,  so t h a t  t h e  thermodynamic 
a n d  r a d i o c h e m i c a l  a c t i v i t i e s  o f  t h e  
s p e c i e s  B r 2  r e m a i n e d  t h e  same i n  b o t h  
a r m s .  An a n t h r a c e n e  s c i n t i l l a t i o n  
c o u n t e r  was c o n s t r u c t e d  s o  t h a t  c o u n t i n g  
o p e r a t i o n s  c o u l d  b e  p e r f o r m e d  i n  t h e  
l a b o r a t o r y  t h r o u g h  t h e  w a l l s  o f  a 
t h e r m o s t a t .  

T h e  r a d i o a c t i v i t y  i n  t h e  B r 0 , -  
arm i s  t h e  sum o f  t h e  known B r 2  a c t i v i t y  
a n d  t h a t  o f  HBrO a n d  H B r 0 , .  I f  a 
c o r r e c t i o n  i s m a d e  f o r  b r o m a t e  a c t i v i t y  
on t h e  b a s i s  o f  t h e  e x p o n e n t i a l  e x -  
c h a n g e  law any  " e x c e s s "  r a d i o a c t i v i t y  
m u s t  b e  d u e  t o  H B r O * ,  a t  t h e  s a m e  
s p e c i f i c  a c t i v i t y  a s  t h a t  o f  B r Z ' .  
Thus t h e  amount o f  HBrO may be  d e t e r -  
mined. Then ,  f o r  t h e  e q u a t i o n  

HBrO, + 2Br2 + 2H20  = 5HBrO 

t h e  e q u i l i b r i u m  c o n s t a n t  can  be f o u n d .  
A l l  s t a n d a r d  f r e e  e n e r g i e s  i n  t h i s  
e q u a t i o n  a r e  known e x c e p t  t h a t  f o r  
HBrO, .  T h e  f i r s t  s e r i e s  o f  Y - t u b e  
e x p e r i m e n t s  y i e l d e d  r e s u l t s  (shown i n  
F i g .  2 . 3 )  w h i c h  w e r e  i n s u f f i c i e n t l y  

UNCLASSIFIED 

RUN 8: INITIDLLY 20 ml 0012 I Br, ,O 20 _I 
HC104, 20 rnl 0 200 1 HBr03 ; 

20 120 
TIME 

F i g .  2 . 3  - Rate o f  Appearance o f  
Br82 i n  HBrO, Arm. ( S e e  F i g .  2 . 2 . )  

s e n s i t i v e  f o r  a p r e c i s e  d e t e r m i n a t i o n  
o f  AFo ( H B r 0 3 ) .  The v a l u e  i s  o f  t h e  
o r d e r  o f  5 0 0 0  c a l / m o l e ,  h o w e v e r ,  i n  
ag reemen t  w i t h  L a t i m e r ' s  e s t i m a t e . ( " )  

The c a l c u l a t i o n s  a r e  most  i n v o l v e d ,  
and  h e n c e  i t  h a s  n o t  b e e n  c o n s i d e r e d  
w o r t h  w h i l e  t o  c a r r y  them o u t  i n  d e -  
t a i l  i n  t h e  a b s e n c e  o f  r e a s o n a b l y  
a c c u r a t e  k n o w l e d g e  o f  t h e  c o n c e n t r a -  
t i o n s  o f  a l l  t h e  p r i n c i p a l  s p e c i e s  i n -  
v o l v e d .  T h e r e  i s  e v i d e n c e  t h a t  t h e  
e x c h a n g e  r a t e  d e p e n d s  upon  t h e  f i r s t  
power  o f  t h e  c o n c e n t r a t i o n s  o f  HBrO 
a n d  H B r 0 , .  E m p i r i c a l l y ,  t h e  e x -  
p e r i m e n t a l  r a t e  l a w  f o r  a n  i o n i c  
s t r e n g t h  up t o  1 . 5  i s  

Rate = k(Br2)  0 . 2 7 f 0 . 1 6  (Br03-) 1.4hO.3 ( H + )  1.4+0.2 

T h e  v a l u e  o f  k a t  25OC i s  o f  t h e  
o r d e r  o f  0 . 0 1  h r - ' ,  and t h e  a c t i v a t i o n  
e n e r g y  i s  be tween  18  and  22 k c a l / m o l e .  
T h i s  a g r e e s  v e r y  w e l l  w i t h  t h e  e q u a -  
t i o n  r e p o r t e d  by  B e t t s ( l g )  f o r  a n  
i n d e p e n d e n t  i n v e s t i g a t i o n  a t  i o n i c  
s t r e n g t h  1 . 7 5 .  

( 1 8 ) W .  M. Latirner, O x i d a t i o n  P o t e n t i a l s ,  

("'R. H. Betts, private communication. 
Prentice-Hall, New York, 1938. 
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C o n s t r u c t i o n  i s  n e a r l y  c o m p l e t e d  
on  a n  a u t o m a t i c  " e x c h a n g e  r e a c t o r "  
w h i c h  w i l l  p r o v i d e  a l m o s t  c o n t i n u o u s  
m o n i t o r i n g  o f  t h e  Y - t u b e  s y s t e m .  I t  
i s  f e l t  t h a t  i t  w i l l  t h e n  be p o s s i b l e  
t o  o b t a i n  a d e q u a t e l y  p r e c i s e  d a t a  S O  

t h a t  a d e t a i l e d  a n a l y s i s  o f  t h e  e x -  
change  k i n e t i c s  may be made. 

T h e  c o u n t i n g  e q u i p m e n t  h a s  b e e n  
d e s i g n e d  t o  p e r m i t  s t u d i e s  a t  e l e v a t e d  
t e m p e r a t u r e s .  

RESULTS OF THE FIRST LARGE-SCALE 
SEPARATION OF TECHNETIUM 

G. W .  P a r k e r  andW. J .  M a r t i n  

A f t e r  m o r e  t h a n  a y e a r  a l a r g e -  
s c a l e  i s o l a t i o n  p r o g r a m o f t h e  f i s s i o n -  
p roduced  s y n t h e t i c  e l e m e n t s  from C h a l k  
R i v e r  m e t a l  w a s t e s ( 2 0 )  h a s  b e e n  
p a r t i a l l y  c o m p l e t e d ,  r e s u l t i n g  f i r s t  
i n  a s u r p r i s i n g  y i e l d  o f  T c g 9  o f  more 
t h a n  95% o f  t h e  c a l c u l a t e d  1 9  g p o s -  
s i b l e .  F i n a l  p u r i f i c a t i o n  i s  b e i n g  
r a p i d l y  c o m p l e t e d ,  a n d  a l i m i t e d  
number o f  r e s e a r c h  p r o b l e m s  i n v o l v i n g  
t h e  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  
o f  t e c h n e t i u m  a r e  b e i n g  s t a r t e d .  

R e q u e s t s  f r o m  o t h e r  l a b o r a t o r i e s  
f o r  m o d e r a t e  a m o u n t s  o f  p u r e  com-  
pounds  a r e  b e i n g  f a v o r a b l y  c o n s i d e r e d  
p r o v i d e d  t h e  i n t e n d e d  r e s e a r c h  d o e s  
n o t  d u p l i c a t e  t h a t  a l r e a d y  u n d e r t a k e n .  

Technetium Characterization Program 
at ORNL. A t  p r e s e n t  o n l y  a m o d e s t  
amount of r e s e a r c h  on t e c h n e t i u m  on a 
m a c r o  s c a l e  i s  p l a n n e d .  The r a d i o -  
a c t i v i t y  o f  t h e  i s o t o p e  a m o u n t s  t o  

(20)G. W .  P a r k e r ,  G. M. He je r t ,  P. M .  Lan tz ,  
W.J. Martin,  and G. E.  Creek, N e w  Hot Laboratory 
F a c i l i t i e s  and Flow P l a n  f o r  t h e  R e c o v e r y  of  
F i s s i o n  P r o d u c t s  and Neptunium from OWL Redox 
P i l o t  P l a n t  CR Wastes, Chernistr Division Quarter- 
ly P r o g r e s s  R e  o r t  f o r  P e r i o d Y E n d i n g  M a r c h  31, 
1950, P a r t  I, thernical Research, OWL-685, p.  62 
(June 16 ,  1950). 

o n l y  a m i l d  d a n g e r  s i n c e  t h e  s o f t  
b e t a s  ( 0 . 3  MeV) a r e  c o m p l e t e l y  s h i e l d e d  
by a v e r y  t h i n  c o v e r  s u c h  a s  a w a t c h  
g l a s s .  On t h e  o t h e r  h a n d ,  a s e r i o u s  
c o n t a m i n a t i o n  h a z a r d  i s  p r e s e n t  i n  t h e  
10 mc/g s p e c i f i c  a c t i v i t y .  

O w i n g  t o  t h e  r e l a t i v e l y  h i g h  
s p e c i f i c  a c t i v i t y  i t  i s  i n t e n d e d  t h a t  
p r i n c i p a l l y  p r o b l e m s  r e q u i r i n g  r e l a -  
t i v e l y  l a r g e r  q u a n t i t i e s  o f  t h e  
e l e m e n t  w i l l  b e  u n d e r t a k e n  h e r e .  A 
b r i e f  o u t l i n e  o f  t h e  p r o p o s e d  w o r k *  
i s  g i v e n  below: 

1. 

2 .  

3 .  

4 .  

M e t h o d s  o f  s e p a r a t i o n  f r o m  
r a d i o c h e m i c a l  w a s t e s .  

P h y s i c a l  p r o p e r t i e s  o f  t h e  
e l e m e n t  and i t s  p r i n c i p a l  o x i d e s ,  
i n c l u d i n g  m e l t i n g  p o i n t s ,  v a p o r  
p r e s s u r e s ,  and  o p t i c a l  a b s o r p t i o n  
s p e c t r a .  

P h y s i c a l  - c  h e m i  c a l  p r o p e r t i e s  , 
e.  g. , m a g n e t i c  s u s c e p t i b i l i t i e s  
a n d  k i n e t i c s  o f  i s o t o p i c  exchange  
r e a c t i o n s .  

N u c l e a r  p r o p e r t i e s ,  e .  g . ,  f i s s i o n  
y i e l d ,  c a p t u r e  c r o s s - s e c t i o n ,  
a n d  n u c l e a r  m a g n e t i c  moment. 

O t h e r  f i e l d s  o f  o b v i o u s  i n t e r e s t  which 
a r e  n o t  b e i n g  i n v e s t i g a t e d  a r e :  

1. B i o l o g i c a l  b e h a v i o r  and h a z a r d s .  

2 .  M e t a l l u r g y  a n d  t h e r m i o n i c  
p r o p e r t i e s .  

3 .  D r y  c h e m i s t r y  a n d  X - r a y  i n -  
v e  s t i g a t i o n s .  

* I n c l u d e s ,  b e s i d e s  t h a t  o f  t h e  authors, woik 
known t o  be i n  p rogres s  b G .  E. Boyd, R. Liv ln  s- 
t on ,  C. M. Nelson, J .  W. Eobble, and W. T. %It!. 
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Summary of the Yields of  Technetium 
f r o m  I n d i v i d u a l  R u n s .  U s i n g  t h e  
p r e c i p i t a t i o n  m e t h o d  p r e v i o u s l y  d e -  
s c r i b e d ( 2 1 )  b a s e d  o n  p e r c h l o r a t e  
c a r r y i n g  o f  t e c h n e t i u m  a s  t e t r a p h e n y l  
a r s o n i u m  p e r t e c h n e t a t e ,  a l l  l o c a l l y  
a v a i l a b l e  h i g h  - 1 e v e  1 r a d i o c h e m i c a l  
w a s t e s  h a v e  now b e e n  p r o c e s s e d  w i t h  a 
r e s u l t i n g  y i e l d  o f  a b o u t  1 8  g o f  
t e c h n e t i u m .  

The  e s t i m a t e d  y i e l d  ( 9 5 %  o f  c a l -  
c u l a t e d )  r e m a i n s  s u b j e c t  t o  c o r r e c t i o n  
s i n c e  i t  i s  b a s e d  o n l y  on r a d i o c h e m i c a l  
m e t h o d s .  T h e  R a d i o c h e m i c a l  G r o u p  o f  
t h e  A n a l y t i c a l  C h e m i s t r y  D i v i s i o n  h a s  
a n a l y z e d  e a c h  o f  t h e  s u l f u r i c  a c i d  
s o l u t i o n s  o f  t h e  t e t r a p h e n y l  com-  
p o u n d s ,  f i r s t  b y  a l o n g  r h e n i u m  
s u l f i d e - c a r r y i n g  p r o c e s s  s u g g e s t e d  
by t h e  a u t h o r s  a n d  a l s o  b y  a s h o r t  
c h l o r o f o r m  e x t r a c t i o n  m e t h o d ( 2 2 )  
a d a p t e d  by t h e  a n a l y s t s .  ( 23 ) 

T h e  v a r i a t i o n s  i n  t h e  y i e l d  b e -  
t w e e n  r u n s  i s  a t t r i b u t a b l e  t o  t h e  
t e m p o r a r y  h o l d u p  i n  t h e  l a r g e  v e s s e l s .  
The l o w e r  y i e l d  f r o m  t h e  H a n f o r d  
s o u r c e  m a t e r i a l  i s  d u e  p a r t l y  t o  t h e  
h i g h e r  l e v e l  i n  t h e  C h a l k  R i v e r  w a s t e s  
a s  w e l l  a s  t o  a t w o f o l d  d i l u t i o n  o f  
t h e  w a s t e .  

I n c l u d e d  i n  T a b l e  2 . 3  a r e  t h e  o b -  
s e r v e d  g r o s s  b e t a  a c t i v i t i e s  o b t a i n e d  
on e a c h  p r o d u c t  f r a c t i o n  ( u s u a l l y  a 

(21)G. W. Parker and W. J. Martin, " Co- 
recipitation of Pertechnetate ( T c O  - 1  and 

earious Anions by Tetraphenyl Arsonium Chloride: ' 
Chemistry Division Quarterly Progress Report f o r  
Period Endin September 30, 1950, ORNL-870, p. 47 
(March 1, 19fl). 

(22)S. Tribalat, " Extraction and Determination 
of Traces of Rhenium, Especially in Molybdenites," 
Anal. Chim. Acta 3, 113 (1949). 

(23)E. I. Wyatt, " Radioisotope Analysis, " 
Analytical Chemistry Division Quarterly Progress 
Report f o r  Period Ending June 26, 1951, ORNL-1113, 
p. 52 (Nov. 27, 1951). 

volume o f  s t r o n g  s u l f u r i c  a c i d  o f  
5 t o 6  l i t e r s ) ,  o f  which t h e  r i c h e r  c u t s  
a lways  e x h i b i t  a g r e e n  c o l o r a t i o n .  
The r e m a r k a b  1 e d e c on t a m  i n a t i  on  f r om 
mixed f i s s i o n  p r o d u c t s  ( 2 0 0 0  t o  3 0 0 0  
c u r i e s )  i s  a p p a r e n t .  

Few d a t a  a r e  a v a i l a b l e  o n  t h e  
o v e r a l l  y i e l d  a f t e r  f i n a l  p u r i f i c a t i o n ,  
w h i c h  i s  now e s s e n t i a l l y  s u l f u r i c  
a c i d  d i s t i l l a t i o n .  O n l y  on r u n  4 i s  
a y i e l d  ( a p p r o x i m a t e l y  93%) i n d i c a t e d .  

O b s e r v a t i o n s  o n  t h e  S o l u b i l i t y  o f  
P o t a s s i u m  P e r t e c h n e t a t e  (KTcO,) and  
T e t r a p h e n y l  A r s o n i u m  P e r t e c h n e t a t e  
[ (C ,H, ) ,AsTcO, ] .  S i n c e  i t  m i g h t  b e  
e x p e c t e d  t h a t  t h e  c o m m e r c i a l m e t h o d s ( 2 4 )  
f o r t h e  p u r i f i c a t i o n  o f  l i m i t e d  amounts  
o f  rhen ium s h o u l d  b e  a d a p t a b l e  t o  t h e  
p rob lem o f  p r e p a r i n g  p u r e  compounds o f  
t e c h n e t i u m ,  some o f  t h e  r e s u l t s ( 2 5 )  
f r o m  t h e  e x t e n s i v e  work a t  t h e  U n i -  
v e r s i t y  o f  T e n n e s s e e  D e p a r t m e n t  o f  
C h e m i s t r y  on rhen ium have  been  a p p l i e d  
i n  t h e  hope t h a t  t h e  s p a r i n g l y  s o l u b l e  
a l k a l i  m e t a l  s a l t s  o f  t e c h n e t i u m  m i g h t  
b e  f o u n d  u s e f u l .  

A s t u d y o f t h e  s o l u b i l i t i e s  o f  t h e s e  
compounds a s  w e l l  a s  o f  t h e i r  r e l a t i v e  
v a l u e  for  r a d i o c h e m i c a l  d e c o n t a m i n a t i o n  
h a s  b e e n  i n i t i a t e d  a n d  some  r e s u l t s  
f o r  t h e  p o t a s s i u m  s a l t  a r e  r e p o r t e d .  
S m i t h  a n d  L o n g  h a v e  s u m m a r i z e d  t h e  
s o l u b i l i t i e s  o f  t h e  c o r r e s p o n d i n g  
a l k a l i  m e t a l  s a l t s  o f  p e r r h e n i c  a c i d  
a s  f o l l o w s :  

(24)B. S. Hopkins, Chapters in the Chemistry 
the L e s s  Familiar Elements, vol.. 11, Chap. $6 Stipes Publishing Co., Champaign, Ill., 

1939. 
(25)A. S. Goldin, A Radioactive Tracer In- 

vestigation o f  Rhenium Chemistry, Thesis, Uni- 
versity of Tennessee, March, 1951. 
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SALT 

LiRe04 

NaRe04 

NH4 Reo4 

KRe04 

CsRe04 

SOLUBILITY AT 30°C 
(moles/100 grams H,O x 10,) 

140 

53.2 

3.25 

0.508 

0.287 

The i n s o l u b i l i t y  o f  t h e  c e s i u m  s a l t  
r e p o r t e d ( 2 6 )  i s  e x c e e d e d  among a l l  t h e  
m e t a l  s a l t s  o f  p e r r h e n i c  a c i d  o n l y  by  
s i l v e r  and t h a l l i u m ( 1 ) .  

I n  F i g .  2 . 4  t h e  r e s u l t s  o f  t h e  
s o l u b i l i t y  s t u d y  o f  p o t a s s i u m  p e r -  
t e c h n e t a t e  a r e  c o m p a r e d  w i t h  t h o s e  
o f  a s i m i l a r  s t u d y  o f  t h e p e r r h e n a t e  
i o n  by  G o l d i n . ( , ' )  T h e  s o l u b i l i t y  
p r o d u c t  c o n s t a n t s  o b t a i n e d  a t  2 7 ° C  
( 0 . 4 4 )  a n d  a t  7 ° C  ( 0 . 1 4 )  s h o w  t h e  
e x p e c t e d  d e c r e a s e  a n d  t h e r e b y  t h e  
a d v a n t a g e  o f  c r y s t a l l i z i n g  t h e  s a l t  
a t  l o w e r  t e m p e r a t u r e s .  I n c i d e n t a l l y  , 
i n  o n e  c r y s t a l l i z a t i o n  o f  KTc04  a 
d e c o n t a m i n a t i o n  from Ru'06 by  a f a c t o r  
o f  40  w a s  o b t a i n e d .  T h e  p o t a s s i u m  
s a l t  i s  o b s e r v e d  t o  c r y s t a l l i z e  i n  a 
b l u n t  w h i t e  t e t r a g o n a l  f o r m ,  p r o b a b l y  

(26)W. T. Smith, J r . ,  and S. H. Long, '' The 
Salts of Per5)enic Acid. I. The Alkali Metals 
and Ammonium, J .  An. Chen. SOC. 70, 354 (1948). 

i s o s t r u c t u r a l  a s  u s u a l  w i t h  K R e 0 4 .  The 
n e x t  s t e p  i n  t h i s  s o l u b i l i t y  s t u d y  
w i l l  b e  made w i t h  t h e  c e s i u m  s a l t .  

T e t r a p h e n y l a r s o n i u m  p e r r h e n a t e ,  
u n q u e s t i o n a b l y  a s a t i s f a c t o r y  g r a v i -  
m e t r i c  fo rm f o r  t h e  d e t e r m i n a t i o n  o f  
rhenium, h a s  been  u s e d  by  t h e  a u t h o r s ( 2 7 )  
i n  a q u a n t i t a t i v e  m e a s u r e m e n t  o f  t h e  
s p e c i f i c  a c t i v i t y  o f  t e c h n e t i u m .  
U n d e r  t h e  c o n d i t i o n s  o f  t h e  p r e c i p i -  
t a t i o n ,  w i t h  e x c e s s  r e a g e n t ,  t h e  u n -  
p r e c i p i t a t e d  p o r t i o n  i s  q u i t e  s m a l l  
( F i g .  2 . 5 ) ;  n e v e r t h e l e s s ,  t h e  s o l u -  
b i l i t y  o f  t h e  t e c h n e t i u m  compound i s  
r e l a t i v e l y  g r e a t e r  a n d  was t h e  o b j e c t  
o f  a f u r t h e r  i n v e s t i g a t i o n .  I n  
F i g .  2 . 5  t h e  t e m p e r a t u r e  c o e f f i c i e n t  
o f  s o l u b i l i t y  f o r  b o t h  t h e  rhen ium and 
t e c h n e t i u m  c o m p o u n d s  i s  f o u n d  t o  b e  
n e g l i g i b l e  u p  t o  5 0 ° C  w i t h  a n  e x -  
p o n e n t i a l  r i s e  t o  100°C. On a s e m i l o g  
s c a l e  a s t r a i g h t - l i n e  e x t r a p o l a t i o n  
w a s  u s e d  t o  g i v e  t h e  m i s s i n g  p o i n t  
on  t h e  t e c h n e t i u m  c u r v e  a t  1 0 0 ° C .  A 
s i g n i f i c a n t  t e m p e r a t u r e  c o e f f i c i e n t ( , * )  
h a s  b e e n  f o u n d  i n  c o m p l e x  s o l u t i o n s  ,, 

s u c h  a s  t h e  r e d o x  w a s t e s  and i n  s o l u -  
t i o n s  c o n t a i n i n g  a c e t a t e  i o n .  An i n -  
c r e a s e d  s o l u b i l i t y  i n  t h e  p r e s e n c e  o f  
a c e t a t e  i o n  i s  a l s o  r e p o r t e d  b y  
G o l d i n . ( 2 5 )  

(27)G. W. Park:: " A Re-evaluation o f  the 
Half-life of Tc99, h e n i s t r y  D i v i s i o n  Q u a r t e r -  
l y  P r o  r e s s  Re  o r t  for P e r i o d  End in  S e p t e m b e r  
30, Ish, ORNL-~?O, p. 45 (March 1, 1981). 

(28)R. W. Atteberry, private communication. 
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Fig. 2 . 4 -  Solubility Products. Top, G o l d i n ' s  d a t a f o r  perrhenate  
i o n ;  bottom, our d a t a  f o r  p e r t e c h n e t a t e  i o n .  
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Fig. 2.5 - Relative Depressed Solu- 
bilities ofthe Compounds (C,H,),AsTcO, 
and (C,H,),AsReO,. M o l a r  r a t i o  o f  
(C6H5),AsC1 t o  Reo,' or Tc0,' = 17 .  

CHEMISTRY OF TECHNETIUM: PREPARATION 
OF PURE TECHNETIUM METAL 

C. M. N e l s o n  G.  E.  Boyd 
J .  W. C o b b l e  W. T. S m i t h ,  J r . *  

T h e  a v a i l a b i l i t y  o f  m i l l i g r a m  
q u a n t i t i e s  o f  t e c h n e t i u m  h a s  l e d  t o  
t h e  i n i t i a t i o n  o f  f u r t h e r  s t u d i e s  on  
t h e  c h e m i s t r y  o f  t e c h n e t i u m  i n  a d -  
d i t i o n  t o  t h o s e  p r e v i o u s l y  r e p o r t e d . ( 2 g )  
The  o b j e c t  o f  a s e c o n d  s t u d y  w i l l  be  
t h e  c h a r a c t e r i z a t i o n  o f  t h e  v a l e n c e  
s t a t e s  o f  t e c h n e t i u m  c o m p o u n d s  i n  
a q u e o u s  s o l u t i o n  b y  m e a s u r e m e n t  o f  
t h e i r  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s .  
S u c h  a t h e r m o d y n a m i c  s t u d y  i s  a 

* P r o f e s s o r  of  Chemis t ry ,  U n i v e r s i t y  o f  Ten- 
nessee; ORNL Consul tant .  

( 2 9 ) C .  M.  N e l s o n ,  G. E .  Boyd,  a n d  W .  T .  
Smith,  " Chemis t ry  o f  Techne;ium: Measurement  
o f  Magnetic S u s c e p t i b i l i t i e s ,  Chemis t ry  D i v i s i o n  
Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  P e r i o d  E n d i n g  
March 3 1 ,  1951, ORNL-1053, p. 5 1  (Oct. 5, 1951). 

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

D u r i n g  t h e  p a s t  q u a r t e r  some e f f o r t  
h a s  b e e n  d e v o t e d  t o  t h e  p r e p a r a t i o n  
o f  p u r e  t e c h n e t i u m  m e t a l  t o  b e  u s e d  a s  
a s t a r t i n g  m a t e r i a l  f o r  c o m p o u n d  
p r e p a r a t i o n .  A p p r o x i m a t e l y  600 mg o f  
p u r e  m e t a l  h a s  been  p r e p a r e d .  

T h e  t e c h n e t i u m  was r e c e i v e d ( 3 0 )  i n  
8 t o  10  l i t e r s  o f  p r o c e s s  c r u d e  c o n -  
s i s t i n g  o f  a m i x t u r e  o f  t e t r a p h e n y l  
a r s o n i u m  p e r t e c h n e t a t e  p l u s  t e t r a -  
p h e n y l  a r s o n i u m  p e r c h l o r a t e  i n  c o n -  
c e n t r a t e d  s u l f u r i c  a c i d . ( 3 1 )  No 
s u c c e s s f u l  way h a s  y e t  b e e n  f o u n d  t o  
o b t a i n  t h e  t e c h n e t i u m  d i r e c t l y  f r o m  
t h i s  s o l u t i o n .  S u l f i d e  p r e c i p i t a t i o n ,  
f o r  e x a m p l e ,  w a s  f e a s i b l e  o n l y  i n  
d i l u t e  ( 2  t o  3 N )  s u l f u r i c  a c i d  s o l u -  
t i o n s ,  b u t ,  u n f o r t u n a t e l y ,  t h e  t e t r a -  
p h e n y l  c o m p o u n d s  i n  t h e  s t a r t i n g  
m i x t u r e  p r e c i p i t a t e  a t  t h i s  d i l u t i o n .  
D e s t r u c t i v e  d i s t i l l a t i o n  o f  t h e  
t e t r a p h e n y l  c o m p o u n d s  by r e f l u x i n g  
t h e  c o n c e n t r a t e d  s u l f u r i c  a c i d  s o l u -  
t i o n  w a s  f o u n d  t o  b e  l a b o r i o u s  a n d  
t ime-consuming .  

Thus  f a r  t h e  most  s u c c e s s f u l  method 
f o r  s e p a r a t i n g  t e c h n e t i u m  f r o m  t h e  
p r o c e s s  c r u d e  h a s  b e e n  t h a t  o f  e l e c -  
t r o l y t i c  r e d u c t i o n  i n  t h e  o r i g i n a l  
s u l f u r i c  a c i d  s o l u t i o n s .  R o u g h l y  
l i t e r  v o l u m e s  were e l e c t r o l y z e d  f o r  
two d a y s  w i t h  p l a t i n u m  e l e c t r o d e s  a t  
a p o t e n t i a l  o f  a b o u t  3 v o l t s  u s i n g  a 
c u r r e n t  d e n s i t y  o f  a b o u t  1 0  ma/cm2. 
A j e t  b l a c k  m a t e r i a l  w a s  f o r m e d  i n  

(30)We a r e  i n d e b t e d  t o  G. W. P a r k e r  and h i s  
g r o u p  for s u p p l y i n g  t h e  s t a r t i n g  t e t r a p h e n y l  
a r s o n i u m  s o l u t i o n s  c o n t a i n i n g  a b o u t  1 g of  
technetium. 

" C o -  
r e c i p i t a t i o n  o f  P e r t e c h n e t a t e  I o n  (TcO,-) an$ 

e a r i o u s  I o n s  by T e t r a p h e n y l  Arsonium C h l o r i d e ,  
OFNL-870, op.  c i t . ,  p. 47. 

(31)G. W .  P a r k e r  and W. J .  M a r t i n ,  
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s u s p e n s i o n .  T h i s  m a t e r i a l  , which  c a n  
b e  s e p a r a t e d  by  f i l t e r i n g  t h r o u g h  a 
f i n e  s i n t e r e d  g l a s s  d i s k ,  p r o b a b l y  
c o n s i s t s  o f  a m i x t u r e  o f  t e c h n e t i u m  
m e t a l ,  t e c h n e t i u m  o x i d e ,  c a r b o n ,  and 
a b s o r b e d  o r g a n i c  m a t e r i a l .  T h e  
t e c h n e t i u m  c a n  t h e n  b e  d i s t i l l e d  f r o m  
t h e  g r o s s  e l e c t r o d e p o s i t  b y  t r a n s -  
f e r r i n g  t h e  l a t t e r  t o  a d i s t i l l i n g  
f l a s k ,  c a u t i o u s l y  a d d i n g  n i t r i c ,  
p e r c h l o r i c ,  a n d  s u l f u r i c  a c i d s  a n d  
t h e n  h e a t i n g  g e n t l y . *  A f t e r  t h e  
p r e c i p i t a t e  g o e s  i n t o  s o l u t i o n  t h e  
t e m p e r a t u r e  c a n  b e  r a i s e d  t o  d i s t i l  
o v e r  f i r s t  t h e  p e r c h l o r i c  a n d  t h e n  
t h e  s u l f u r i c  a c i d .  T h e  d i s t i l l a t i o n  
w a s  c a r r i e d  t o  n e a r  d r y n e s s .  I t  i s  
b e s t  t o  c o l l e c t  t h e  d i s t i l l a t e  i n  
ammonium h y d r o x i d e ,  s i n c e  w a r m  s o l u -  
t i o n s  o f  c o n c e n t r a t e d  p e r c h l o r i c  a c i d  
a p p e a r  t o  l o s e  t e c h n e t i u m  by  v o l a t i l -  
i z a t  i o n .  

T h e  d i s t i l l a t e  w a s  d i l u t e d  a n d  
made 2 N i n  a c i d ,  b r o m i n e  w a t e r  w a s  
a d d e d ,  a n d  H,S was b u b b l e d  i n .  T h e  
p r e c  i p i t a t  i on o f  t h e  t e c  hn e t ium s u l  f i d e  
i s b e s t  e f f e c t e d  b y a n  i n i t i a l  f o r m a t i o n  
i n  c o l d  s o l u t i o n s ,  f o l l o w e d  by b o i l i n g  
o n  a w a t e r  b a t h  d u r i n g  t h e  f i n a l  
s t a g e s .  T h e  i n s o l u b l e  s u l f i d e  w a s  
c o l l e c t e d  b y  c e n t r i f u g i n g  a n d  w a s  
washed  i n  2 N s u l f u r i c  a c i d .  A l m o s t  
a l w a y s  s m a l l  q u a n t i t i e s  o f  e l e m e n t a l  
s u l f u r  w e r e  o c c l u d e d  w h i c h ,  i f  d e -  
s i r e d ,  c a n  be removed by  s o l v e n t  e x -  
t r a c t i o n  o r  by h e a t i n g  i n  h y d r o g e n .  

T h e  m e t a l  c a n  b e  p r e p a r e d  by  r e -  
d u c t i o n  o f  t h e  s u l f i d e  with h y -  
d r o g e n . ( 3 2 )  H o w e v e r ,  w e  h a v e  f o u n d  
t h i s  t o  b e  s l o w  a n d  g e n e r a l l y  u n -  
s a t i s f a c t o r y .  S i n c e  b o t h  t h e  s u l f i d e  
and m e t a l  a r e  b l a c k ,  t h e r e  i s  no e a s y  

*This  mixture  f r o t h s  cons iderab ly  owing t o  
gas evolution. The reaction i s  exothermic; extreme 
caution i s  necessary. 

(32)S. F r i e d  and N .  F. H a l l ,  A b s t r a c t s  o f  
116th ACS Meet ing ,Detro i t ,  p .  13 ,  A p r i l ,  1950. 

F i g .  2.6 - Pure Technetium Metal, 
554 mg. 

way t o  d e t e r m i n e  when t h e  r e d u c t i o n  
i s  c o m p l e t e .  

T e c h n e t i u m  m e t a l  c a n  be  p r e p a r e d  
r e a d i l y  f r o m  ammonium p e r t e c h n e t a t e  
b y  r e d u c t i o n  w i t h  h y d r o g e n  a t  300  t o  
4 0 0 ° C .  T h e  m o i s t  t e c h n e t i u m  s u l f i d e  
p r e c i p i t a t e  w a s  f i r s t  d i s s o l v e d  w i t h  
a m m o n i u m  h y d r o x i d e  a n d  h y d r o g e n  
p e r o x i d e  and  t h e  s o l u t i o n  e v a p o r a t e d  

3 1  
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t o  d r y n e s s  o n  a w a t e r  b a t h .  T h e  
r e s u l t i n g  c r y s t a l s  o f  ammonium p e r -  
t e c h n e t a t e  a n d  ammonium s u l f a t e  t o -  
g e t h e r  w i t h  e x c e s s  s u l f u r  were  t r a n s -  
f e r r e d  t o  a p o r c e l a i n  b o a t  w h i c h  was 
p l a c e d  i n  a s i l i c a  c o m b u s t i o n  t u b e  
t h r o u g h  w h i c h  h y d r o g e n  was  p a s s e d  
w h i l e  t h e  t e m p e r a t u r e  was m a i n t a i n e d  
a t  3 5 0 ° C  f o r  o n e  h r .  A t  t h i s  t e m -  
p e r a t u r e  t h e  s u l f u r  d i s t i l l e d  o f f  
a n d  t h e  p e r t e c h n e t a t e  w a s  r e d u c e d  
r a p i d l y  t o  t h e  m e t a l .  T h e  ammonium 
s u l f a t e  w a s  r e m o v e d  b y  r a i s i n g  t h e  
t e m p e r a t u r e  t o  550 t o  600°C. The t e c h -  
n e t i u m  m e t a l  s o  p r e p a r e d  was  p o r o u s  
a n d  m o s s y  a n d  i n i t i a l l y  p o s s e s s e d  a 
l u s t r o u s ,  m e t a l l i c  a p p e a r a n c e  ( F i g .  
2 . 6 ) .  On e x p o s u r e  t o  a i r  and  m o i s t u r e ,  
h o w e v e r ,  i t  t u r n e d  b l a c k  r a p i d l y .  
A r s e n i c  w i l l b e  removed i n  t h e  f o r e g o i n g  
p r o c e d u r e  s i n c e  v o l a t i l e  a r s i n e  i s  
f o r m e d  a n d  r e m o v e d  b y  t h e  h y d r o g e n  
s t r e a m .  T h e  p r o c e d u r e  i s  a d e q u a t e  
f o r  h a n d l i n g  a m o u n t s  u p  t o  1 0 0  t o  
2 0 0  mg w i t h  s i m p l e  e q u i p m e n t  a n d  
modes t  s h i e l d i n g  r e q u i r e m e n t s .  

S p e c t r o c h e m i c a l  a n a l y s i s  o f  t h e  
t e c h n e t i u m  m e t a l  s h o w e d  i t  t o  be  o f  
h i g h  p u r i t y .  A r a d i o c h e m i c a l  a n a l y s i s ,  
h o w e v e r ,  r e v e a l e d  a s m a l l  a m o u n t  o f  
c o n t a m i n a t i n g  r u t h e n i u m  a c t i v i t y .  
F u r t h e r  p u r i f i c a t i o n  w o u l d b e  n e c e s s a r y  
i f  t h i s  p r e p a r a t i o n  were t o  be  u s e d  
f o r  r a d i o c h e m i c a l  s t u d i e s ,  b u t  f o r  
c h e m i c a l  s t u d i e s  t h i s  i m p u r i t y  i s  o f  
no  c o n s e q u e n c e .  A summary o f  t h e  above 
p r o c e d u r e  i s  g i v e n  i n  a f l o w  d i a g r a m  
( F i g .  2 . 7 ) .  

P R E P A R A T I O N O F  TECHNETIUM H E P T O X I D E  
FROM TECHNETIUM METAL; A B S O R P T I O N  

SPECTRUM OF PERTECHNETATE I ON 

G .  E. Boyd C. M. N e l s o n  
J .  W. Cobb le  W. T. S m i t h ,  J r . *  

I n  t h e  s t u d y  o f  t h e  c h e m i s t r y  o f  
f i s s i o n - p r o d u c t  t e c h n e t i u m  ( T c g 9 )  i t  

was d e s i r a b l e  t o  e s t a b l i s h  t h e  f o r m u l a  
o f  t h e  l i g h t  y e l l o w  c r y s t a l l i n e  o x i d e  
f o r m e d  on  h e a t i n g  t h e  m e t a l  i n  d r y  
o x y g e n  a t  400  t o  6 0 0 ° C .  F r i e d  a n d  
H a l l ( 3 2 9 3 3 )  h a v e  r e f e r r e d  t o  t h e  
compound f o r m e d  w i t h  o x y g e n  a s  Tc03.  
Rhenium m e t a l  when b u r n e d  u n d e r  t h e s e  
c o n d i t i o n s  f o r m s  R e 2 0 7 . ( 3 4 )  We were 
f i r s t  l e d  t o  t h e  v i e w  t h a t  t h e  y e l l o w  
o x i d e  i n  r e a l i t y  w a s  T c 2 0 7  b y  t h e  
o b s e r v a t i o n  t h a t  t h e  t i t e r  o f  a C e ( I V )  
s o l u t i o n  was n o t  c h a n g e d  a f t e r  a d d i n g  
m i l l i g r a m  q u a n t i t i e s  o f  t h e  o x i d e .  
F u r t h e r m o r e  , t h e  a b s o r p t i o n  s p e c t r u m  
( F i g .  2 . 8 )  o f  a n  a q u e o u s  s o l u t i o n  o f  
t h i s  compound was i d e n t i c a l  w i t h  t h a t  
o b t a i n e d  a f t e r  i t s  t r e a t m e n t  w i t h  
a l k a l i n e  H 2 0 2 ,  s u g g e s t i n g  t h a t  t h e  
t e c h n e t i u m  was a l r e a d y  T c ( V I 1 ) .  

To t e s t  t h i s  c o n c l u s i o n  s i z e a b l e  
q u a n t i t i e s  o f  t e c h n e t i u m  m e t a l * *  were 
b u r n e d  t o  fo rm t h e  y e l l o w  o x i d e  (m.p. 
119 .5  f O . l ° C )  which was t h e n  p u r i f i e d  
b y  r e p e a t e d  s u b l i m a t i o n s  i n t o  t h e  
c o o l e r  p o r t i o n s  o f  t h e  r e a c t i o n  t u b e .  
A s o l u t i o n  c o n t a i n i n g  a known w e i g h t  
o f  t e c h n e t i u m  was p r e p a r e d  by  s e a l i n g  
t h e  y e l l o w  o x i d e  o f f  f r o m  t h e  q u a r t z  
r e a c t  i o n  s y s  t e m  , w e i g h i n g ,  b r e a k i n g ,  
and d i s s o l v i n g  i n  w a t e r ,  and  t h e n  r e -  
w e i g h i n g  t h e  q u a r t z  a f t e r  c o m p l e t e  
s o l u t i o n .  T h e  c o m p o u n d  w a s  v e r y  
h y g r o s c o p i c  a n d  d i s s o l v e d  t o  g i v e  a 
p i n k  s o l u t i o n  whose c o l o r  d i s a p p e a r e d  
u p o n  d i l u t i o n .  A p o t e n t i o m e t r i c  pH 

*Professor o f  Chemistry, University of Ten- 
nessee; ORNL Consultant. 

We are indebted to G. W. Parker and his group 
of the Chemistry Division, ORNL, for su plying 
us with about 1 g of fission product tectnetium 
as t e t r ap hen y 1 a r s o n  i um p e r t e c hn et a t e ; the 
preparation of NH4Tc04 from this material will be 
reported in another communication. 

( 3 3 ) S .  Fried, A. H. Jaffey, N. F. Hall, and 
L. E.,,Glendenin, '' Half-Life of the Long-lived 
Tc99, Phys .  Rev .  81, 741 (1951). 

( 3 4 ) A .  D. Melaven, J. N. Fowle, W. Brickell, 
and C. F. Hiskey, in I n o r g a n i c  S y n t h e s i s ,  vol. 
111, p. 188, McGraw-Hill, New York, 1950. 
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DILUTE TO 2 N ;  ADD Br2WATER 
AND H2S; HEAT ON WATER BATH; 
CENTRIFUGE, WASH, CENTRIFUGE 

FILTRATE FOR 
F U R T H E R E L ECT ROLY S I S 

TETRAPHENYL ARSONIUM 
PERTECHNETATE AND 

PERCHLORATE, 
C 0 N C E NT R AT E D H2S04 

1 ELECTROLYSIS 

I 
RESIDUE: CARBON, 

ORGANIC MATERIAL, AND 
TECHNETIUM AND 

TECHNETIUM OXIDES 

UNCLASSIFIED 
DWG. 43207 

ADD CONCENTRATED HN03, 
HC104, AND H,S04; DISTILL 
ALMOST TO DRYNESS 

RESIDUE 

DISTILLATE: TECHNETIUM 
IN CONCENTRATED ACIDS 

I 

1 THEN AT 560°C IN H2 FOR I hr 

I TECHNETIUM METAL I 

Fig. 2.7 - Flowsheet for Preparation of Technetium Metal. 

33 



CHEMISTRY D I V I S I O N  QUARTERLY PROGRESS REPORT 

NEIm OF 
OXIDE 
( mg) 

157.7 

70.11 

WAVELENGTH, A (A)  

AMOUNT AMOUNT AMOUNT AMOUNT OH' NH4Tc04 
A S  Tc,O, A S  Tc,O, AS TcOJ AS TcO, REQUIRED FOUND 
(mmoles* (me¶) (mmoles) (meq)  (me¶) ( m e ¶ )  

0.5087 1 .017  1 . 0 7 3  2 .146  1.0 19 1.020 

0 .2262  0 .4524  0.4769 0 .9538  0 . 4 5 6 1  0 .4564  

Fig. 2.8 - Ultraviolet Absorption 
Spectrum o f  3 x 1 . 0 ' ~  M NH,TCO, in H , O  
at 25'C. D e t e r m i n e d  w i t h  Beckman model 
DU s p e c t r o p h o t o m e t e r  u s i n g  v a r i a b l e  
s l i t  w i d t h  and c o n s t a n t  s e n s i t i v i t y ;  
s o u r c e ,  H, d i s c h a r g e  l a m p ;  m o l a r  e x -  
t i n c t i o n  c o e f f i c i e n t  a t  2470 A = 4000 .  

s a l t  f o r m e d .  P u r e  NH4Tc0, i s  n o n -  
h y g r o s c o p i c  a n d  s h o w s  n o  d e c o m -  
p o s i t i o n  o n  h e a t i n g  t o  l o o ° C  f o r  
s e v e r a l  h o u r s .  G r a v i m e t r i c  r e s u l t s  
f r o m  t w o  y e l l o w  o x i d e  p r e p a r a t i o n s  
a r e  c o m p a r e d  i n  T a b l e  2 . 4  w i t h  t h e  
t i t e r s  e x p e c t e d  from t h e  f o l l o w i n g :  

Tc,O, i- 20H' = 2Tc0,' + H,O 

Tc03 + 20H' = Tc0;- + H,O 

I t  was c o n c l u d e d  t h a t  t h e  c o r r e c t  
f o r m u l a  f o r  t h e  y e l l o w  o x i d e  i s  T c 2 0 7 .  

The i n t e n s e  u l t r a v i o l e t  a b s o r p t i o n  
( F i g .  2 . 8 )  o f  TcO, i o n  i n  a q u e o u s  
s o l u t i o n  may b e  e m p l o y e d  f o r  t h e  
s p e c t r o p h o t o m e t r i c  d e  t e  r m i n a t  i o n  o f 
T c ( V I 1 ) .  B e e r ' s  law was found  t o  h o l d  
r a t h e r  w e l l  up t o  c o n c e n t r a t i o n s  o f  

M f o r  w a v e l e n g t h s  n e a r  b o t h  
maxima ( e . g . ,  2 4 7 0  a n d  2 8 9 0  A ) .  A s  

TABLE 2.4 

t i t r a t i o n  was p e r f o r m e d  on t h i s  s o l u -  l i t t l e  a s  10" g o f  t e c h n e t i u m  may b e  
t i o n  u s i n g  0 . 0 5  f ammonium h y d r o x i d e .  d e t e c t e d ,  w h i c h  s e n s i t i v i t y  c o m p a r e s  
T h e  t i t r a t i o n  c u r v e  showed  o n l y  o n e  q u i t e  f a v o r a b l y  w i t h  t h a t  o b s e r v e d  
i n f l e c t i o n  p o i n t  c h a r a c t e r i s t i c  o f  a u s i n g  a c o p p e r  s p a r k  s p e c t r o c h e m i c a l  
s t r o n g  m o n o b a s i c  a c i d .  The  w h o l e  o f  
t h e  n e u t r a l i z e d  s o l u t i o n  w a s  n e x t  
t a k e n  t o  d r y n e s s  a t  950c in p l a t i n u m  
t o  d e t e r m i n e  t h e  w e i g h t  o f  t e c h n e t i u m  Report  NP-1980 (March, 1950). 

(35)N.  Met ropol i s  and G. Re i twiesne r ,  Tab le  of 
A t o n i c  M a s s e s ,  U. S. Atomic Energy Commission, 
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method.  T h e  o c c u r r e n c e  o f  a t h i r d  
a b s o r p t i o n  band i n  t h e  f a r  u l t r a v i o l e t  
i s  s u g g e s t e d  b y  F i g .  2 . 8 .  

NUCLEAR CHEMISTRY OF TECHNETIUM 

G. E. Boyd and B. H. K e t e l l e  

F u r t h e r  s e a r c h  h a s  b e e n  made  f o r  
T c g 8  and Tc"'. As y e t  n o  i n d i c a t i o n  
o f  an a c t i v i t y  a s s i g n a b l e  t o  T c  h a s  
been  o b t a i n e d  f r o m  t h e  d e c a y  o f  a 
t e c h n e t i u m  f r a c t i o n  s e p a r a t e d  f r o m  a n  
i n t e n s e  15-Mev d e u t e r o n  i r r a d i a t i o n  o f  
an e n r i c h e d  molybdenumiso tope  p r e p a r a -  
t i o n  (95 .0% Mog8). A t e c h n e t i u m  
f r a c t i o n  s e p a r a t e d  f r o m  a d e u t e r o n  
bombardment o f  9 0 . 2 %  Mo'O0 , h o w e v e r ,  
showed f o u r  d i s t i n c t  g a m m a - r a y  l i n e s  
a t  a p p r o x i m a t e l y  8 0 ,  1 4 0 ,  2 3 0 ,  a n d  
400 kev a f t e r  212 d a y s  d e c a y  ( F i g .  
2 . 8 ) .  I n t e r e s t i n g l y ,  gamma-ray l e v e l s  
c l o s e l y  a p p r o x i m a t i n g  t h r e e  o f  t h e s e  
e n e r g i e s  have  b e e n  r e p o r t e d  i n  t h e  
d e c a y  o f  4 . 2 - d a y  R h "  ' .  P o s s i b l y  
t h i s  l a t t e r  i s o t o p e  s h o u l d  be  a s s i g n e d  
t o  mass 100. 

A d d i t i o n a l  s t u d i e s  on  t h e  s h o r t -  
l i v e d  t e c h n e t i u m  i s o t o p e s  f o r m e d  i n  
u"' f i s s i o n  a r e  i n  p r o g r e s s .  

An a t t e m p t  was  made t o  p r e p a r e  a 
s o u r c e  of 5 0 - m i n  Tcg4 w h i c h  c o u l d  b e  
exam'ined c o n v e n i e n t l y  b y  i r r a d i a t i n g  
a n  e n r i c h e d  molybdenum t a r g e t  ( 9 2 . 1 %  
Mog2) w i t h  28-Mev a l p h a  p a r t i c l e s  t o  
p r o d u c e  a r e l a t i v e l y  l o n g - l i v e d  f l u g 4  
p a r e n t  by an ( a , 2 n )  r e a c t i o n .  D e s p i t e  
a n  i n t e n s e  i r r a d i a t i o n  n o  r u t h e n i u m  
a c t i v i t y  w a s  f o u n d  n o t  p r e v i o u s l y  
a s s i g n e d  t o  o t h e r  mass  numbers .  Good 
y i e l d s o f  t h e  p o s i t r o n - e m i t t i n g  1 . 6 5 - h r  
R u g s  r a d i o i s o t o p e  w e r e  p r o d u c e d ,  
p r e s u m a b l y  b y  a n  ( a , n )  r e a c t i o n .  
S m a l l e r  a m o u n t s  o f  t h e  2 . 9 - d a y  R u g ?  
w e r e  f o r m e d  a l s o  by  ( a , n )  o r  ( a , 2 n )  

r e a c t i o n s  on  1 . 7 %  M~~~ o r  2 . 4 %  M~~~ 
p r e s e n t ,  r e s p e c t i v e l y ,  i n  t h e  e n r i c h e d  
Mog2 p r e p a r a t i o n .  T h e  2 1 5 - k e v  gamma 
r a y  e m i t t e d  i n  t h e  d e c a y  o f  2 . 9 - d a y  
R u g '  w a s  c o n f i r m e d .  F u r t h e r ,  a 
c o n s i d e r a b l y  l e s s  a b u n d a n t  gamma r a y  
o f  a b o u t  3 2 0  k e v  w a s  f o u n d .  T h e  
l o n g - t i m e  d e c a y  o f  t h e s e  r u t h e n i u m  
s o u r c e s  w i l l  b e  d e t e r m i n e d  i n  t h e  
c o n t i n u a t i o n  o f  t h e  s e a r c h  f o r  R u g 4 .  

A p r e l i m i n a r y  m a g n e t i c  l e n s  s p e c -  
t r o m e t e r  e x a m i n a t i o n  was made u s i n g  a 
h i g h - l e v e l  t e c h n e t i u m  s o u r c e  p r e p a r e d  
by d e u t e r o n  i r r a d i a t i o n  o f  n a t u r a l  
molybdenum i n  o r d e r  t o  d e t e r m i n e  t h e  
c h a r a c t e r  o f  t h e  p o s i t r o n  d i s t r i b u t i o n  
e m i t t e d  i n  a b o u t  1% o f  t h e  d e c a y s  o f  
t h e  60 .0 -day  Tcg5'". Owing t o  s c a t t e r i n g  
e f f e c t s  i t  i s  n o t  y e t  p o s s i b l e  t o  
c h e c k  t h e  p r e d i c t i o n ,  b a s e d  o n  s h e l l  
t h e o r y ,  t h a t  t h i s  p' t r a n s i t i o n  i s  
f i r s t  f o r b i d d e n .  The maximum p o s i t r o n  
e n e r g y ,  h o w e v e r ,  was a b o u t  6 5 0  k e v ,  
wh ich  i s  a p p r e c i a b l y  h i g h e r  t h a n  t h e  
r e p o r t e d  4 0 0 - k e v  v a l u e .  A d d i t i o n a l  
measu remen t s  t o  d e t e r m i n e  t h e  p o s i t r o n  
s p e c t r u m  s h a p e  a r e  p l a n n e d .  

DECAY SCHEMES OF A U ' 9 8  AND I"' 

A. R .  E r o s i  B. H. Ke te l l e  
H. Z e l d e s  

D e c a y  s c h e m e  w o r k  i n  t h e  l a s t  
q u a r t e r  h a s  b e e n  c o n c e n t r a t e d  on t w o  
i s o t o p e s .  Au"* w a s  s t u d i e d  b e -  
c a u s e  i t  is  u s e d  a s  a s t a n d a r d  i n  t h e  
m e a s u r e m e n t  o f  n e u t r o n  f l u x e s  and  i n  
t h e  c a l i b r a t i o n  o f  a v a r i e t y  o f  
i n s t r u m e n t s  u s e d  i n  a s s a y  w o r k .  
R e c e n t  p u b l i c a t i o n s  h a v e  i n d i c a t e d  
t h a t  t h e  d e c a y  o f  A u l g 8  w a s  n o t  a s  
s i m p l e  a s  p r e v i o u s l y  r e p o r t e d .  I"' 
w a s s t u d i e d  b e c a u s e  o f t h e  d i s c r e p a n c i e s  
i n  v a r i o u s  m e t h o d s  o f  a s s a y  o f  t h i s  
i s o t o p e .  
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A u l g 8 .  A 1 . 0 9 - M e v  l e v e l  i n  H g l g 8  
h a s  r e c e n t l y b e e n  r e p o r t e d , ( 3 6 ' 3 8 )  w i t h  
gamma t r a n s i t i o n s  i n  A u l g 8  d e c a y  b e -  
t w e e n  t h e  1.09-Mev a n d  t h e  0.411-Mev 
l e v e l s  and b e t w e e n  t h e  1.09-Mev l e v e l  
a n d t h e  g round  s t a t e .  T h e s e  t r a n s i t i o n s  
h a v e  b e e n  c o n f i r m e d  u s i n g  Oak Rid-ge 
N a t i o n a l  L a b o r a t o r y  r e a c t o r  - bombarded 
g o l d  which was p u r i f i e d  a f t e r  bombard- 
ment b y  t h e  method g i v e n  b y  Noyes  and 
B r a y . ( 3 9 )  The N a I - T 1 I  s c i n t i l l a t i o n -  
s p e c t r o m e t e r  p u l s e  d i s t r i b u t i o n  i n  
F i g .  2 . 9  s h o w s  t h e  p r e s e n c e  o f  t h e  
r e c e n t l y  r e p o r t e d  1 . 0 9 -  and 0.680-Mev 
gamma r a y s  i n  a d d i t i o n  t o  t h e  w e l l -  
k n o w n  0 . 4 1 1 - M e v  gamma r a y .  T h e  
s h o u l d e r  on t h e  c u r v e  c o r r e s p o n d i n g  
t o  a g a m m a - r a y  e n e r g y  o f  0 . 8 2 0  Mev 
was shown t o  b e  t h e  r e s u l t  o f  r andom 
c o i n c i d e n c e s  b e t w e e n  t w o  0 . 4 1 1 - M e v  
gamma r a y s .  

F u r t h e r  e v i d e n c e  t h a t  t h e  0.680-Mev 
gamma t r a n s i t i o n  i s  p a r t  o f  t h e  A u l g 8  
d e c a y  scheme was o b t a i n e d  by m e a s u r i n g  
t h e  e l e c t r o n - e n e r g y  d i s t r i b u t i o n  
c o i n c i d e n t  w i t h  i t .  T h i s  was d o n e  b y  
m o u n t i n g  a n  e s s e n t i a l l y  w e i g h t l e s s  
s o u r c e  i n  a t h i n  m a g n e t i c  l e n s  s p e c -  
t r o m e t e r  on  a b e r y l l i u m  d i s k  t h i c k  
e n o u g h  t o  a b s o r b  t h e  0 . 9 7 - M e v  b e t a  
g r o u p .  A 1 3  g/cm2 p l a t i n u m  a b s o r b e r  
was p l a c e d  b e t w e e n  t h e  b e r y l l i u m  d i s k  
a n d  a N a I - T I 1  c o u n t e r  t o  r e d u c e  t h e  
c o u n t i n g  r a t e  o f  t h e  0 .411-Mev  gamma 
r a y  r e l a t i v e  t o  t h a t  o f  t h e  0.680-Mev 
gamma r a y  b y  a f a c t o r  o f  2 5 .  W i t h  

(36)P. E. Cavanagh, J. F. Turner,  D. V. Booker, 
and H. J .  D u n s t e r ,  " An I n v e s t i g a t i o n , , o f  t h e .  
Secondary  E l e c t r o n  S p e c t r u m  of 198Au, P r o c .  
Phys. SOC. London A64, 13 (1951). 

( 3 7 ) P .  E. Cavanagh ,  " The A p l i c a t i o n  of  
P r o p o r t i o n a l  S c i n t i l l a t i o n  y-Ray {obunters t o  t h e  
Determination of t he  Decay Scheme of Au198,"Phys. 
Rev. 82 791 (1951).  

(381L. G. E l l i o t t  and J .  L .  Wolfson  " The 
D i s i n t e g r a t i o n  o f  P h y s .  R e v .  8 2 ,  333 
(1951). 

( 3 9 ) A .  A. Noyes and W. C. Bray ,  A System o f  
Q u a l i t a t i v e  A n a l y s i s  for t h e  R a r e  E l e m e n t s ,  
Macmi 1 l an ,  1943. 

t h i s  r e d u c t i o n  i n  i n t e n s i t y  t h e  
random c o i n c i d e n c e s  o f  t h e  0 .411-Mev 
gamma r a y  were e s s e n t i a l l y  e l i m i n a t e d .  

C o i n c i d e n c e s  were r e c o r d e d  b e t w e e n  
p u l s e s  f r o m  t h e  d e t e c t o r  on  t h e  t h i n  
l e n s  s p e c t r o m e t e r  a n d  t h e  p u l s e s  
p r o d u c e d  by  t h e  0 .680-Mev gamma r a y  
i n  t h e  N a I - T 1 I  s c i n t i l l a t i o n  s p e c -  
t r o m e t e r .  The e n e r g y  d i s t r i b u t i o n  o f  
t h e  c o i n c i d e n t - e l e c t r o n  p u l s e s  i s  
s h o w n  a s  a n  N / I  v s .  B p l o t  i n  F i g .  
2 . 9 .  T h e s e  d a t a  show t h a t  t h e  0 . 6 8 0 -  
Mev gamma r a y  i s  c o i n c i d e n t  w i t h  b o t h  
a l o w - e n e r g y  b e t a  g r o u p  a n d  t h e  K -  
c o n v e r s i o n - e l e c t r o n  p e a k  o f  t h e  
0.411-Mev gamma r a y .  The K u r i e  p l o t  
o f  t h e  b e t a - e n e r g y  d i s t r i b u t i o n  shown 
i n  F i g .  2 . 1 0  i n d i c a t e s  a max imum 
e n e r g y  o f  290 * 15  k e v  f o r  t h e  c o i n -  
c i d e n t  b e t a  g r o u p .  T h e s e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h e  c o i n c i d e n c e  
a b  s o r p  t i on me asuremen t s o f  Cav anagh(3  ') 
and t h e  d e c a y  scheme shown i n  F i g .  2 .10 .  
No a t t e m p t  w a s  made  t o  c o n f i r m  t h e  
l o w - i n t e n s i t y  b e t a  t r a n s i t i o n  t o  t h e  
g r o u n d  s t a t e  r e p o r t e d  by  E l l i o t t  a n d  
Wol f son .  ( 3  ) 

A p p r o x i m a t e  m e a s u r e m e n t s  i n d i c a t e  
t h a t  a b o u t  1% o f  t h e  d i s i n t e g r a t i o n s  
a r e  t h r o u g h  t h e  0.680-h4ev gamma r a y  
and a b o u t  0 . 2 %  a r e  t h r o u g h  t h e  1 . 0 9 -  
Mev gamma r a y .  T h e s e  i n t e n s i t i e s  a r e  
s o  low t h a t  t h e  p r e s e n c e  o f  t h e s e  
gamma r a y s  h a s  c a u s e d  e r r o r s  o f  o n l y  
a f ew p e r c e n t  i n  p r e v i o u s  work  w h e r e  
A u l g 8  was u s e d  a s  a s t a n d a r d .  

I'31. I n  a s t u d y  o f  d e c a y  t h e  
b e t a - e n e r g y  d i s t r i b u t i o n s  c o i n c i d e n t  
w i t h  p a r t i c u l a r  gamma r a y s  w e r e  
m e a s u r e d .  T h i s  was  d o n e  b y  m o u n t i n g  
a n  e s s e n t i a l l y  w e i g h t l e s s  i o d i n e  
s o u r c e  on a b e r y l l i u m  d i s k  i n  a t h i n -  
m a g n e t i c - l e n s  s p e c t r o m e t e r .  T h e  
N a l - T 1 I  c r y s t a l  o f  a s c i n t i l l a t i o n  
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Fig. 2.9 - ( A )  Scintillation-Spectrometer Pulse-Height Distribution of Au’” 
Gamma Radiation. ( B )  Electron-Energy Distribution Coincident with 680-kev gamma 
Rad1 at ion. 

s p e c t r o m e t e r  was m o u n t e d  i m m e d i a t e l y  
b e h i n d  t h e  b e r y l l i u m  d i s k .  C o i n -  
c i d e n c e s  b e t w e e n  p u l s e s  i n  t h e  p r o -  
p o r t i o n a l  c o u n t e r  d e t e c t o r  and p u l s e s  
f r o m  t h e  s c i n t i l l a t i o n  s p e c t r o m e t e r  
c o r r e s p o n d i n g  t o  a d e f i n i t e  gamma-ray 
e n e r g y  were m e a s u r e d .  A d e l a y  i n  t h e  
d i f f e r e n t i a l  d i s c r i m i n a t o r  o f  t h e  
s c i n t i l l a t i o n  s p e c t r o m e t e r  was matched  
b y  a 1 - p s e c  d e l a y  l i n e  b e t w e e n  t h e  
p r o p o r t i o n a l  c o u n t e r  a n d  t h e  c o i n -  
c i d e n c e  c i r c u i t .  A r e s o l v i n g  t i m e  o f  

a b o u t  0 . 3  p s e c  was u s e d  i n  t h e  c o i n -  
c i d e n c e  c i r c u i t .  

The  p u l s e - h e i g h t  d i s t r i b u t i o n  f rom 
t h e  s c i n t i l l a t i o n  c o u n t e r  i s  shown i n  
F i g .  2 . 1 1 .  I t  c a n  b e  s e e n  t h a t  p u l s e s  
a r i s i n g  f rom t h e  i n d i v i d u a l  720; 6 3 5 ;  
and 3 6 4 - k e v  gamma r a y s  c a n  be  c o u n t e d  
w i t h o u t  i n c l u d i n g  m o r e  t h a n  a f e w  
p e r c e n t  o f , p u l s e s  a r i s i n g  f r o m  a 
s e c o n d  gamma r a y .  I n  t h e  c a s e  o f  t h e  
284-kev  gamma r a y ,  on t h e  o r d e r  o f  10% 
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Fig. 2.10 - Kurie Plot of Au’” Beta-Energy Distribution Coincident with 
680-kev Gamma Radiation. 

o f  t h e  p u l s e s  w i l l  r e s u l t  f r o m  t h e  
Compton e l e c t r o n  d i s t r i b u t i o n  of  t h e  
364-kev  gamma r a y .  

O n l y  t h e  2 8 4 - k e v  gamma r a y  i s  
d e f i n i t e l y  c o i n c i d e n t  w i t h  t h e  K -  
c o n v e r s i o n  e l e c t r o n s  o f  t h e  8 0 - k e v  
gamma r a y .  T h e  e n e r g y  d i s t r i b u t i o n  
o f  e l e c t r o n s  c o i n c i d e n t  w i t h  t h e  284-  
k e v  gamma r a y  i s  c o m p a r e d  w i t h  t h e  

e n e r g y  d i s t r i b u t i o n  o f  a l l  e l e c t r o n s  
i n  c u r v e  B o f  F i g .  2 . 1 1 .  B e c a u s e  o f  
s t a t i s t i c a l  f l u c t u a t i o n s  i n  t h e  c o i n -  
c i d e n c e  c o u n t i n g  r a t e s  i t  c a n n o t  b e  
s t a t e d  t h a t  t h e  364- ,  635- ,  or 720-kev  
gamma r a y s  a r e  i n  n o  c a s e  c o i n c i d e n t  
w i t h  c o n v e r s i o n  e l e c t r o n s  o f  t h e  8 0 -  
k e v  gamma r a y .  The  d a t a  do  i n d i c a t e  
t h a t  n o t  more  t h a n  15% o f  t h e  t r a n -  
s i t i o n s  o f  t h e s e  gamma r a y s  a r e  c o i n -  
c i d e n t  w i t h  t h e  8 0 - k e v  gamma r a y .  
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Fig. 2.11 - ( A )  K-Conversion-Electron Peak of 80-kev Gamma Ray Coincident 
with the 284-kev Gamma Ray. ( B )  K-Conversion-Electron Peak of 80-kev Gamma 
Ray. ( C )  Scintillation-Spectrometer Pulse-Height Distribution of I ' j '  Gamma 
Rad iat ion. 

K u r i e  p l o t s  o f  t h e  c o i n c i d e n t -  
e l e c t r o n  e n e r g y  d i s t r i b u t i o n  i n  F i g .  
2 . 1 2  s h o w  t h a t  t h e  7 2 0 - ,  6 3 5 - ,  a n d  
3 6 4 - k e v  gamma r a y s  a r e  i n  c o i n c i d e n c e  
w i t h  b e t a  g r o u p s  w i t h  maximum e n e r g i e s  
o f  250  , 335 , a n d  6 0 6  k e v ,  r e s p e c -  
t i v e l y .  T h e  2 8 4 - k e v  gamma r a y  a l s o  
i s  c o i n c i d e n t  w i t h  a 606-kev  maximum- 

e n e r g y  b e t a  g r o u p .  The e x c e s s  o f  low- 
e n e r g y  e l e c t r o n s  i n  t h e  6 0 6 - k e v  b e t a  
c u r v e  was shown t o  b e  t h e  r e s u l t  o f  
b a c k  s c a t t e r i n g  f r o m  t h e  b e r y l l i u m  
s o u r c e  m o u n t .  E n e r g y -  d i s  t r  i b u  t i  o n  
c u r v e s  o f  s e v e r a l  w e l l - k n o w n  b e t a  
e m i t t e r s  m o u n t e d  o n  b e r y l l i u m  i n -  
d i c a t e  t h a t  t h e  e n e r g y  a t  w h i c h  
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F i g .  2.12 - K u r i e  P l o t  o f  I ’ 3 1  B e t a - E n e r g y  D i s t r i b u t i o n s .  ( A )  C o i n c i d e n t  
w i t h  7 2 0 - k e v  gamma r a y s .  ( B )  C o i n c i d e n t  w i t h  6 3 5 - k e v  gamma r a y s .  ( C )  C o i n c i -  
d e n t  w i t h  e i t h e r  364- or 284-kev  gamma r a y s .  

s c a t t e r i n g  b e c o m e s  i m p o r t a n t  i s  a T h e s e  d a t a  s u p p o r t  t h e  d e c a y  
f u n c t i o n  o f  t h e  maximum e n e r g y  o f  s c h e m e  f o r  1 ” ’  shown i n  F i g .  2 . 1 2 .  
t h e  b e t a  e m i t t e r .  I n  t h e  c a s e  o f  t h e  T h i s  s c h e m e  s h o w s  b e t a  t r a n s i t i o n s  
2 5 0 -  a n d  3 3 5 - k e v  b e t a  g r o u p s  t h i s  t o  b o t h  a 6 3 5 -  a n d  a 7 2 0 - k e v  l e v e l  
s c a t t e r i n g  becomes  i m p o r t a n t  o n l y  a t  i n  Xe”’ w h e r e a s  p r e v i o u s  a u t h o r s  have 
e n e r g i e s  l o w e r  t h a n  t h o s e  p l o t t e d  i n  r e p o r t e d  o n l y  o n e  l o w - e n e r g y  b e t a  
F i g .  2 . 1 2 .  t r a n s i t i o n .  
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3. RADIO-ORGANIC CHEMISTRY 

RADIATION, ANALYTICAL, AND PREPARATIVE 
CHEMISTRY 

Radiation Chemistry (E. J .  D o w l i n g ,  
A .  R .  J o n e s ,  a n d  W .  J .  S k r a b a ) .  T h e  
e f f e c t s  o f  gamma r a d i a t i o n  f r o m  a 
3 0 0 - c u r i e  c o 6 0  s o u r c e  u p o n  a q u e o u s  
s o l u t i o n s  o f  C 1 4 - l a b e l e d  b e n z o i c  and  
a c e t i c  a c i d s  h a v e  b e e n  s t u d i e d .  I n  
b o t h  s y s t e m s  t h e  v o l a t i l e  p r o d u c t s  
h a v e  b e e n  i d e n t i f i e d  and  t h e  r e l a t i v e  
a m o u n t s  o f  t h e s e  p r o d u c t s  h a v e  b e e n  
d e t e r m i n e d .  T h r e e  n o n v o l a t i l e  p r o d u c t s  
have  been  i s o l a t e d  and i d e n t i f i e d  f rom 
t h e  i r r a d i a t e d  b e n z o i c  a c i d  s o l u -  
t i o n s ;  f r o m  t h e  i r r a d i a t e d  a c e t i c  
a c i d  s o l u t i o n s  t h r e e  compounds  h a v e  
b e e n  i s o l a t e d  a n d  t w o  h a v e  b e e n  
i d e n t i f i e d .  T h e  i s o l a t i o n s  a n d  
i d e n t i f i c a t i o n s  w e r e  e f f e c t e d  b y  
means o f  p a p e r  c h r o m a t o g r a p h y  f o l l o w e d  
by r a d i o g r a p h i c  d e t e r m i n a t i o n s  o f  t h e  
c h r o m a t o g r a m s .  The i n h i b i t o r y  e f f e c t  
o f  sod ium c h l o r i d e  and  s o d i u m  b r o m i d e  
upon b e n z o i c  a c i d  d e c o m p o s i t i o n  d u r i n g  
i r r a d i a t i o n  h a s  b e e n  s t u d i e d .  

E x p e r i m e n t s  w i t h  A q u e o u s  B e n z o i c  
A c i d .  F i f t y - t w o  s e p a r a t e  i r r a d i a t i o n s  
o f  aqueous  b e n z o i c  a c i d  solutions h a v e  
b e e n  c a r r i e d  o u t  d u r i n g  t h e  p a s t  
q u a r t e r .  M a n y  o f  t h e s e  w e r e  e x -  
p l o r a t o r y  e x p e r i m e n t s ,  n e c e s s a r y  t o  
show w h a t  p r e c a u t i o n s  m u s t  b e  t a k e n  
t o  o b t a i n  d u p l i c a b l e  r e s u l t s .  S t a n d a r d  
i r r a d i a t i o n  c e l l s  h a v e  b e e n  d e v i s e d  
w h i c h ,  when c l e a n e d  i n  h o t  s u l f u r i c  
a c i d  f o r  a g i v e n  p e r i o d  o f  t i m e ,  
r i n s e d  i n  a s t a n d a r d  f a s h i o n  w i t h  
t r i p l y  d i s t i l l e d  w a t e r ,  f i l l e d  w i t h  a 
s t a n d a r d i z e d  b e n z o i c  a c i d  s o l u t i o n  i n  
t r i p l y  d i s t i l l e d  w a t e r ,  a n d  t h e n  
p u r g e d  f o r  a g i v e n  t i m e  w i t h  p u r e  
hydrogen  g a s ,  w i l l  g i v e  h i g h l y  p r e c i s e  
d u p l i c a b l e  r e s u l t s  upon  i r r a d i a t i o n .  

I n  F i g .  3 . 1  i s  s h o w n  a p l o t  o f  t h e  
r a t e  o f  c a r b o n - C 1 4  d i o x i d e  e v o l u t i o n  
v s .  i r r a d i a t i o n  t i m e  f o r  ( a )  0 . 0 1  M 
b e n z o i c  a c i d  s o l u t i o n ,  ( b )  0 . 0 1  M 
b e n z o i c  a c i d  s o l u t i o n  w h i c h  i s  a l s o  
0 . 1 0  M i n  sod ium c h l o r i d e , a n d  ( c )  0 . 0 1  
M b e n z o i c  a c i d  s o l u t i o n  wh ich  i s  a l s o  
0 . 1 0  M i n  sodium b romide .  A l t h o u g h  no 
i n h i b i t o r y  a c t i o n  i s  d e m o n s t r a t e d  by 
t h e  a d d i t i o n  o f  s o d i u m  c h l o r i d e ,  t h e  
i n h i b i t o r y  a c t i o n  o f  s o d i u m  b r o m i d e  
i s  c l e a r l y  d e m o n s t r a t e d  by t h i s  g r a p h .  

I n  F i g .  3 . 2  i s  shown a r a d i o g r a p h  
o f  a p a p e r  c h r o m a t o g r a m  o f  t h e  n o n -  
v o l a t i l e  p r o d u c t s  f o r m e d  a f t e r  i r -  
r a d i a t i o n  o f  a q u e o u s  b e n z o i c  a c i d  
s o l u t i o n  p r e p u r g e d  w i t h  h y d r o g e n .  Of 
f i v e  p e a k s ,  f o u r  h a v e  been  i d e n t i f i e d  
a s  b e n z o i c ,  s a l i c y l i c ,  m - h y d r o x y -  
b e n z o i c ,  a n d  p - h y d r o x y b e n z o i c  a c i d s .  
T h e  me thod  f o r  o b t a i n i n g  s u c h  r a d i o -  
g r a p h s  i s  d e s c r i b e d  i n  t h e  a n a l y t i c a l  
s e c t i o n  o f  t h e  r e p o r t ( p .  4 5 ) .  
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Fig. 3.1 - Plot of Irradiation Time 
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L INEAL DISPLACEMENT ALONG CHROMATOGRAM 

Fig. 3 . 2  - Radiograph o f  Paper Chromatogram o f  Products o f  Irradiat ion o f  
Aqueous Benzoic-7-C14 Acid. 

E x p e r i m e n t s  w i t h  A q u e o u s  A c e t i c  a c i d  w a s  p e r f o r m e d ,  w h i c h  c h e c k e d  
A c i d .  F i v e  s e p a r a t e  2 0 - m i n  i r r a d i a -  v e r y  c l o s e l y  t h e  r e s u l t s  o b t a i n e d  w i t h  
t i o n s  o f  a q u e o u s  a c e t i c - l - C 1 4  a c i d  t h e  c a r b o x y l - l a b e l e d  a c i d .  From t h e  
w e r e  c a r r i e d  o u t  b e f o r e  d u p l i c a b l e  c a r b o x y l - l a b e l e d  a c e t i c  a c i d  w e r e  
r e s u l t s  w e r e  o b t a i n e d .  O n e  1 5 - m i n  o b t a i n e d  c a r b o n - C 1 4  d i o x i d e  p l u s  
i r r a d i a t i o n  o f  a q u e o u s  a ~ e t i c - 2 - C ' ~  t r a c e s  o f  a r a d i o a c t i v e  g a s  b e l i e v e d  
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t o  b e  ~ a r b 0 n - C ' ~  m o n o x i d e .  M e t h y l -  
l a b e l e d  a c e t i c  a c i d  p r o d u c e d  o n l y  
t r a c e s  o f  r a d i o a c t i v e  g a s e s .  

P a p e r  c h r o m a t o g r a p h y  o f  t h e  n o n -  
v o l a t i l e  p r o d u c t s  f o r m e d  u p o n  i r -  
r a d i a t i o n  o f  a c e t i c - l - C 1 4  a c i d ,  
f o l l o w e d  b y  a r a d i o g r a p h  o f  t h e  
c h r o m a t o g r a m ,  h a v e  d e m o n s t r a t e d  t h e  

p r e s e n c e  o f  t h r e e  c o m p o u n d s ,  t w o  o f  
which have  b e e n  i d e n t i f i e d  a s  s u c c i n i c  
and g l y c o l i c  a c i d s .  A t h i r d  u n d e t e r -  
m i n e d  c o n s t i t u e n t  o f  t h e  m i x t u r e  
g i v e s  a c o l o r  t e s t  f o r  a c a r b o n y l  
g r o u p  b u t  n o t  a c a r b o x y l  g r o u p .  

In F i g .  3 . 3  i s  shown a r a d i o g r a p h  
o f  a t y p i c a l  c h r o m a t o g r a m  o f  t h e  
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F i g .  3 . 3  - Radiograph o f  Paper  Chromatogram of  P r o d u c t s  o f  I r r a d i a t i o n  of 
Aqueous A c e t i c - l - C 1 4  Acid .  
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n o n v o l a t i l e  i r r a d i a t i o n  p r o d u c t s  o f  
a c e  t i c -  1 -C' a c i d .  

I r r a d i a t i o n  of Aqueous B e n z o i c -  7-C' 
A c i d .  I n  a t y p i c a l  r u n  a 2 2 . 0 5 - g  
a l i q u o t  o f  a p u r e  w a t e r  s o l u t i o n  o f  
b e n z o i c - 7 - C 1 4  a c i d ,  0 . 1 8 6  m m o l e s ,  
1 9 . 9 2  p c ,  p u r g e d  w i t h  o x y g e n - f r e e  
h y d r o g e n  g a s  f o r  1 5  min  a t  23°C w a s  
p l a c e d  i n  a p y r e x  t u b e  s e a l e d  a t  b o t h  
e n d s .  O n l y  a t i n y  b u b b l e  o f  g a s  
s p a c e  r e m a i n e d .  T h e  s a m p l e  w a s  i r -  
r a d i a t e d  w i t h  gamma r a y s  f r o m  a Co60 
s o u r c e  ( d o s e  a p p r o x i m a t e l y  5 X l o 6  r ) .  

T h e  c a r b o n  d i o x i d e  f o r m e d  w a s  
d e t e r m i n e d  b y  o x y g e n  p u r g e  a s  d e -  
s c r i b e d  i n  OFWL-1053. D e c a r b o x y l a t i o n  
h a d  o c c u r r e d  t o  t h e  e x t e n t  o f  12 .05%.  
C a r b o n  m o n o x i d e  f o r m a t i o n  was n e g l i -  
g i b l e  ( r a d i o a c t i v i t y  b a r e l y  a b o v e  
b a c k g r o u n d ) .  

T h e  d e g a s s e d  i r r a d i a t e d  s o l u t i o n  
and  t h e  c o n t e n t s  o f  t h e  d r y  i c e  t r a p  
w e r e  e t h e r - e x  t r a c t e d  c o n t i n u o u s l y  
o v e r n i g h t .  T h e  e t h e r  s o l u t i o n  w a s  
c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  1 5  m l  
a n d  a l i q u o t s  o f  1 0 0  t o  5 0 0  A w e r e  
a s c e n d i n g l y  c h r o m a t o g r a p h e d  o n  a 
s h e e t  o f  Whatman No. 1 f i l t e r  p a p e r  
w i t h  a s o l v e n t  c o m p o s e d  o f  93 p a r t s  
o f  e t h a n o l ,  5 p a r t s  o f  1 5  N ammonium 
h y d r o x i d e ,  a n d  2 p a r t s  o f  w a t e r .  
B e n z o i c - 7 - C 1 4  a c i d ,  b e n z o i c  a c i d ,  
s a l i c y l i c  a c i d ,  m-hydroxybenzo ic  a c i d ,  
p - h y d r o x y b e n z o i c  a c i d ,  p - p h e n y l b e n z o i c  
a c i d ,  p - b e n z o y l  a c i d ,  and a m i x t u r e  o f  
t h e  n o n r a d i o a c t i v e  a c i d s  were s i m i l a r l y  
c h r o m a t o g r a p h e d  on t h e  same s h e e t  o f  
p a p e r  a t  t h e  s a m e  t i m e  a s  t h e  i r -  
r a d i a t e d  m a t e r i a l .  T h e  p a p e r  w a s  
d r i e d  o v e r n i g h t  and s e c t i o n e d  v e r t i -  
c a l l y  t o  s e p a r a t e  t h e  c h r o m a t o g r a m s  
d u e  t o  e a c h  s t a r t i n g  s p o t .  The i n e r t  
c h r o m a t o g r a m s  a n d  o n e  o f  t h e  r a d i o -  
a c t i v e  c h r o m a t o g r a m s  w e r e  s p r a y e d  

w i t h  c h l o r o p h e n o l  r e d  i n d i c a t o r  s o l u -  
t i o n  ( 4 0  mg p e r  1 0 0  m l ,  made b a s i c ) .  
The  n o n r a d i o a c t i v e  a c i d s  g a v e  c l e a r l y  
d e f i n e d  s p o t s  s e p a r a t e l y  and t o g e t h e r .  
However ,  t h e  i r r a d i a t e d  s o l u t i o n  g a v e  
a smear  o f  a c i d i c  c o l o r .  

A r a d i o g r a p h  ( F i g .  3 . 2 )  o f  t h e  
c h r o m a t o g r a m  o f  t h e  i r r a d i a t e d  s o l u -  
t i o n  s h o w e d  f i v e  c l e a r l y  d e f i n e d  
p e a k s  t o g e t h e r  w i t h  a v e r y  r a d i o a c t i v e  
s t a r t i n g  s p o t .  S i n c e  t h e  s t a r t i n g  
s p o t  f o r  t h e  b e n z o i c - 7 - C 1 4  a c i d  w a s  
n o  l o n g e r  r a d i o a c t i v e ,  t h i s  i s  n o t  
a c h a r a c t e r i s t i c  o f  r a d i o a c t i v e  
c h r o m a t o g r a m s ,  a n d  e v i d e n t l y  s o m e  
s u b s t a n c e  i s  f o r m e d  b y  i r r a d i a t i o n  
w h i c h i s  n o t  moved by t h e  s o l v e n t  u s e d .  

T h e  a b s e n c e  o f  c a r b o n y l  compounds 
a s  m a j o r  p r o d u c t s  was i n d i c a t e d  by t h e  
l a c k  o f  s p o t  f o r m a t i o n  when a r a d i o -  
a c t i v e  c h r o m a t o g r a m  was s p r a y e d  w i t h  
2,4-dinitrophenylhydrazine s o l u t i o n .  
However ,  a 1-cm2 s p o t  f o r m e d  by 8 0 0  A 
o f  t h e  e t h e r  s o l u t i o n  g a v e  a d e f i n i t e  
i n d i c a t i o n o f  t h e  p r e s e n c e  o f  c a r b o n y l -  
c o n t a i n i n g  m a t e r i a l .  

The  r e s p r a y i n g  o f  t h e  c h l o r o p h e n o l  
r e d - s p r a y e d  r a d i o a c t i v e  c h r o m a t o g r a m  
c o n f i r m e d  t h e  p r e s e n c e  o f  s a l i c y l i c  
a c i d  a s  t h e  c a u s e  o f  t h e  s m a l l  p e a k  
j u s t  a h e a d  o f  t h e  b e n z o i c  a c i d  peak .  

I r r a d  i a t  i o n  o f  Aqueous  A c e  t i c -  1 -C' 
A c i d .  I n  a t y p i c a l  r u n  a 2 4 . 5 8 - g  
a l i q u o t  o f  a p u r e  w a t e r  s o l u t i o n  o f  
a c e t i c - l - C 1 4  a c i d  ( 0 . 0 9 8 4  m m o l e s ,  
1 4 . 2  p c ) ,  p r e p u r g e d  w i t h  o x y g e n - f r e e  
h y d r o g e n  g a s  f o r  2 0  min  a t  23OC, was 
p l a c e d  i n  a p y r e x  t u b e  s e a l e d  a t  b o t h  
e n d s .  O n l y  a t i n y  b u b b l e  o f  g a s  s p a c e  
r e m a i n e d .  T h e  s a m p l e  was i r r a d i a t e d  
w i t h  gamma r a y s  f r o m  a C o 6 0  s o u r c e  
( d o s e  a p p r o x i m a t e l y  l o 7  r ) .  

The  i r r a d i a t e d  s o l u t i o n  was p u r g e d  
w i t h  o x y g e n  c o n t a i n i n g  s o m e  c a r b o n  
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d i o x i d e ,  a n d  t h e  e x i t  g a s ,  a f t e r  
p a s s i n g  t h r o u g h  a d r y  i c e  t r a p ,  was 
w a s h e d  w i t h  d i l u t e  s o d i u m  h y d r o x i d e  
s o l u t i o n  t o  remove t h e  c a r b o n  d i o x i d e .  
T h e  r e m a i n i n g  g a s  w a s  b u r n e d  o v e r  
c o p p e r  o x i d e  a t  750"C,  and t h e  c a r b o n  
d i o x i d e  f o r m e d  by t h i s  c o m b u s t i o n  was 
r e m o v e d  b y  a s e c o n d  s c r u b b i n g  w i t h  
d i l u t e  sod ium h y d r o x i d e .  

A c i d i f i c a t i o n  o f  a l i q u o t s  f rom t h e  
b u b b l e r s  a n d  r a d i o a s s a y  o f  t h e  g a s  
e v o l v e d  and  s w e p t  i n t o  i o n  c h a m b e r s  
w i t h  i n e r t  c a r b o n  d i o x i d e  s h o w e d  
31 .2% ( 4 . 4 3  p c ) o f  t h e  i n i t i a l  a c t i v i t y  
i n  t h e  f i r s t  s c r u b b i n g  s o l u t i o n .  
T h u s  3 1 . 2 %  o f  t h e  a c e t i c  a c i d  w a s  
d e c a r b o x y l a t e d .  O n l y  0 . 0 7 5 %  ( 0 . 0 1 0 8  
p c )  o f  t h e  i n i t i a l  a c t i v i t y  was f o u n d  
i n  t h e  s e c o n d  s c r u b b i n g  s o l u t i o n .  

T h e  d e g a s s e d  i r r a d i a t e d  s o l u t i o n  
a n d  t h e  c o n t e n t s  o f  t h e  d r y  i c e  t r a p  
were  e t h e r - e x t r a c t e d  c o n t i n u o u s l y  
o v e r n i g h t .  T h e  e t h e r  s o l u t i o n  was  
c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  1 5  m l  
a n d  s m a l l  a l i q u o t s  ( 1 0 0  t o  5 0 0  A )  
were a s c e n d i n g l y  c h r o m a t o g r a p h e d  on  a 
s h e e t  o f  Whatman f i l t e r  p a p e r  w i t h  
e t h e r  s a t u r a t e d  w i t h  a m i x t u r e  o f  
a c e t i c  a c i d  a n d  w a t e r  ( 7 5 : 2 5  b y  
v o l u m e ) .  G l y c o l i c  and s u c c i n i c  a c i d s  
w e r e  s i m i l a r l y  c h r o m a t o g r a p h e d  s e p -  
a r a t e l y  a n d  t o g e t h e r  o n  t h e  s a m e  
s h e e t  o f  p a p e r  a t  t h e  same t i m e  a s  t h e  
r a d i o a c t i v e  m a t e r i a l .  T h e  p a p e r  was 
d r i e d  o v e r n i g h t  a n d  s e c t i o n e d  v e r -  
t i c a l l y  t o  s e p a r a t e  t h e  c h r o m a t o g r a m s  
d u e  t o  e a c h  s t a r t i n g  s p o t .  T h o s e  o f  
i n e r t  m a t e r i a l s  were  s p r a y e d  w i t h  
b r o m c r e s o l  g r e e n  i n d i c a t o r  s o l u t i o n  
( 4 0  mg p e r  1 0 0  m l ,  made  b a s i c ) ,  a s  
was a l s o  o n e  o f  s e v e r a l  r a d i o a c t i v e  
c h r o m a t o g r a m s .  Two a c i d i c  s p o t s  a p -  
p e a r e d  o n  t h e  l a t t e r  a t  R v a l u e s  
i d e n t i c a l  w i t h  t h e  s p o t s  fformed b y  

g l y c o l i c  a n d  s u c c i n i c  a c i d s  w h e n  
c h r o m a t o g r a p h e d  s e p a r a t e l y  o r  t o -  
g e t h e r .  The  r a d i o a c t i v e  c h r o m a t o g r a m  
f r o m  i r r a d i a t e d  a c e t i c - l - C 1 4  a c i d  
s o l u t i o n  was drawn t h r o u g h  t h e  b e t a -  
r a y  s c a n n e r  d e s c r i b e d  b e l o w .  T h e  
r a d i o g r a p h  ( F i g .  3 . 3 )  h a d  t h r e e  
p e a k s ,  two o f  which c o r r e s p o n d  e x a c t l y  
w i t h  t h e  a c i d i c  s p o t s  f o u n d  f o r  
g l y c o l i c  a n d  s u c c i n i c  a c i d s .  T h e  
s u b s t a n c e  c a u s i n g  t h e  t h i r d  p e a k  was 
n o t  a c i d i c  a n d  d i d  n o t  f o r m  a s p o t  
w i t h  2,4-dinitrophenylhydrazine s o l u -  
t i o n .  H o w e v e r ,  a 1 - c m 2  s p o t  f o r m e d  
b y  8 0 0  A o f  t h e  e t h e r  s o l u t i o n  g a v e  
a d e f i n i t e  i n d i c a t i o n  o f  t h e  p r e s e n c e  
o f  c a r b o n y l - c o n t a i n i n g  m a t e r i a l .  

Irradiation of Aqueous Acetic-2-C14 
A c i d .  I n  a t y p i c a l  r u n  a 2 6 . 8 2 - g  
a l i q u o t  o f  a p u r e  w a t e r  s o l u t i o n  o f  
a c e t i c - 2 - C 1 4  a c i d  ( 0 . 2 7 8  m m o l e ,  
3 . 9 4  p c ) ,  p r e p u r g e d  w i t h  o x y g e n - f r e e  
h y d r o g e n  g a s  f o r  1 5  min a t  23°C  was 
p l a c e d  i n  a p y r e x  t u b e  a n d  s e a l e d  a t  
b o t h  e n d s .  O n l y  a t i n y  b u b b l e  o f  g a s  
s p a c e  r e m a i n e d .  T h e  s a m p l e  was i r -  
r a d i a t e d  w i t h  gamma r a y s  f rom a Co60 
s o u r c e  ( d o s e  l o 6  r ) .  

T h e  c a r b o n  d i o x i d e  f o r m e d  w a s  
d e t e r m i n e d  b y  o x y g e n  p u r g e  a s  d e -  
s c r i b e d  a b o v e ,  and  a v a l u e  o f  0 . 0 1 6 9  
p c ,  0 . 4 3 %  o f  t h e  i n i t i a l  a c t i v i t y ,  
w a s  o b t a i n e d .  S i m i l a r l y ,  t h e  c o n t e n t s  
o f  t h e  s e c o n d  b u b b l e r  c o n t a i n e d  o n l y  
0 . 0 0 2 5  p c ,  0 . 0 6 %  o f  t h e  o r i g i n a l  
a c t i v i t y .  

Analytical Chemistry (E. J . D o w l i n g ,  
A .  R .  J o n e s ,  a n d  W .  J .  S k r a b a ) .  U s e  
o f  B e t a - R a y  D e n s i t o m e t r y  i n  P a p e r  
Chromatography. F o r  some t i m e  i t  h a s  
b e e n  c u s t o m a r y  t o  d e t e c t  c o l o r l e s s  
c h r o m a t o g r a p h i c  z o n e s  by p l a c i n g  t h e  
f i n i s h e d  c h r o m a t o g r a m  i n  c o n t a c t  w i t h  
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p h o t o g r a p h i c  f i l m . ( ' )  W h e n e v e r  a 
z o n e  c o n t a i n s  a r a d i o a c t i v e  t r a c e r  
s u c h  a s  1 1 3 '  o r  C 1 4  a d e v e l o p a b l e  
image w i l l  r e s u l t .  S i n c e  l o n g  p e r i o d s  
o f  t i m e ,  up  t o  a m o n t h ,  a r e  r e q u i r e d  
f o r  t h i s  p r o c e d u r e  a m e t h o d  f o r  
d i r e c t  s c a n n i n g  a n d  r e c o r d i n g  w a s  
u r g e n t l y  n e e d e d .  S u c h  a m e t h o d  f o r  
t h e  r e c o r d i n g  o f  t h e  p o s i t i o n  o f  
a c t i v i t y  on  p a p e r  c h r o m a t o g r a m s  h a s  
b e e n  d e s ~ r i b e d . ~ ~ )  T h e  s e t u p  c o n -  
s i s t e d  o f  a m e t h a n e  t y p e  i o n i z a t i o n  
c h a m b e r  a n d  a p u l s e - i n t e g r a t i n g  
c o u n t e r  d r i v i n g  a Brown r e c o r d e r .  

An improvement  upon t h i s  s y s t e m  h a s  
b e e n  d e v e l o p e d  e m p l o y i n g  a 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  and  a n o v e l  p i c k u p  
w h i c h  i s  d e s c r i b e d  b e l o w .  A 5 - m m  
s l i t  was m i l l e d  l e n g t h w i s e  i n t o  e a c h  
o f  two i o n  chambers .  The chambers  were 
m o u n t e d  w i t h  t h e  s l i t s  o p p o s e d  a n d  
a p p r o x i m a t e l y  0 . 5  m m  a p a r t .  T h e  
c h a m b e r s  were  m o u n t e d  h o r i z o n t a l l y ,  
a n d  t h e  p a p e r  s t r i p  w a s  i n s e r t e d  
b e t w e e n  them and  a t t a c h e d  w i t h  S c o t c h  
t a p e  t o  t h e  e n d  o f  t h e  r e c o r d i n g  
c h a r t  o f  t h e  Brown  r e c o r d e r .  T h i s  
p e r m i t t e d  t h e  c h r o m a t o g r a m  t o  b e  
d r a w n  a c r o s s  t h e  s l i t s  o f  t h e  i o n  
c h a m b e r s  a t  a u n i f o r m  r a t e  a n d  i n  
e x a c t  s y n c h r o n i z a t i o n  w i t h  t h e  c h a r t  
m o t i o n .  A p h o t o g r a p h  o f  t h i s  d e v i c e  
i s  shown i n  F i g .  3.4. 

A t y p i c a l  r e c o r d  i s  s h o w n  i n  
F i g .  3 . 2 .  T h e  p e a k s  r e p r e s e n t  t h e  
c o u n t i n g  o f  C 1 4  b e t a  p a r t i c l e s ,  a n d  
by  v i r t u e  o f  t h e  s c a n n i n g  m e c h a n i s m  
t h e y  g i v e  t h e  e x a c t  l i n e a l  d i s p l a c e -  
rnentof  a c t i v i t y  a l o n g t h e  ch romatogram.  
A peak  h e i g h t  o f  h a l f  t h e  c h a r t  w i d t h  
i s  shown  by  0 . 0 0 1  p c  o f  C14. A f t e r  
t h e  p o s i t i o n s  o f  t h e  r a d i o a c t i v e  

("D. L. Cleg " Paper Chromatography," Anal .  
Chern. 22, 48 (19.86). 

("R. H. Miiller and E. N. Wise, " Use of Beta- 
Ray Densitometry in Paper Chromatography, Anal .  
Chern. 23, 207 (1951). 

m a t e r i a l s  a l o n g  t h e  p a p e r  s t r i p  h a v e  
b e e n  d e t e r m i n e d ,  t h e  a c t i v e  p o r t i o n s  
c a n  b e  e x c i s e d  a n d  b u r n e d  t o  g i v e  
a r a d i o a s s a y .  

Application of Paper Chromatography 
to N o n v o l a t i l e  Ketones. I t  h a s  b e e n  
s h o w n  t h a t  t h e  2 , 4 - d i n i t r o p h e n y l -  
h y d r a z o n e s  o f  a l d e h y d e s  a n d  k e t o n e s  
c a n  b e  s e p a r a t e d  b y  p a p e r  c h r o m a -  
t o g r a p h y . ( 3 )  I t  i s  i n t e r e s t i n g  t h a t  
a l t h o u g h  t h e  d e t e r m i n a t i o n s  o f  t h e  
p o s i t i o n s  o f  c a r b o n y l  c o m p o u n d s  i n  
a d s o r p t i o n  c h r o m a t o g r a p h y  h a v e  b e e n  
s h o w n  b y  s t r e a k i n g  t h e  e x p e l l e d  
c y l i n d e r  o f  a d s o r b e n t  m a t e r i a l  w i t h  a 
s o l u t i o n  o f  2 , 4 - d i n i t r o p h e n y l h y -  
d r a z i n e ,  t h e  t e c h n i q u e  o f  s p r a y i n g  
a p a p e r  c h r o m a t o g r a m  o f  c o l o r l e s s  
c a r b o n y l  compounds  w i t h  t h e  r e a g e n t  
h a s  n o t  b e e n  e x p l o i t e d .  

I n  t h e  c o u r s e  o f  o u r  i n v e s t i g a t i o n s  
o f  t h e  p r o d u c t s  o f  r a d i a t i o n - d e g r a -  
d a t i o n  o f  o r g a n i c  c o m p o u n d s  w e  h a v e  
f o u n d  i t  p o s s i b l e  t o  i n d i c a t e  t h e  
f o r m a t i o n  o f  c e r t a i n  c a r b o n y l  com-  
p o u n d s  f r o m  t h e i r  p o s i t i o n s  o n  a 
p a p e r  c h r o m a t o g r a m .  I t  w a s  n o t  
n e c e s s a r y  t o  p r e p a r e  and t h e n  ch roma-  
t o g r a p h  t h e  2 , 4 - d i n i t r o p h e n y l h y -  
d r a z o n e s ,  s i n c e  s p o t  f o r m a t i o n  o c c u r r e d  
when t h e  ch romatogram was s p r a y e d  w i t h  
a s a t u r a t e d  s o l u t i o n  o f  2 , 4 - d i n i t r o -  
p h e n y l h y d r a z i n e  i n  6 N h y d r o c h l o r i c  
a c i d .  T h e  Rf v a l u e s  o f  a n u m b e r  o f  
a n u m b e r  o f  a l d e h y d e s ,  k e t o n e s ,  a n d  
k e t o  a c i d s  a r e  b e i n g  d e t e r m i n e d .  

Application of Paper Chromatography 
t o  C a r b o x y l i c  A c i d s .  I t  h a s  b e e n  
f o u n d  t h a t  t h e  a c i d i c  d e g r a d a t i o n  
p r o d u c t s  f r o m  t h e  i r r a d i a t i o n  o f  
a q u e o u s  b e n z o i c  a c i d  s o l u t i o n s  c a n  be  

(3)R. G. Rice, G. J :  Keller, and J. G. Kirch, 
" Separation and Identification of 2,I-Dinitro- 
phenylhydrazones of Aldehydes and Ketones, and 
3,5-Dinitrobenzo:tes of Alcohols by Filter Paper 
Chromatography, A n a l .  Chern. 23, 194 (1951). 
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F i g .  3 . 4  - Improved Device f o r  D i r e c t  S c a n n i n g  and R e c o r d i n g  o f  Paper  
Chromatograms o f  R a d i o a c t i v e  Compounds. 
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BATCH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Combined 
r e s i d u e s  

TABLE 3.1 

R a d i o c h e m i c a l  Y i e l d s  of  Sodium A c e t a t e - 2 - C 1 4  

METHANOL USED 
( m c )  

50.6 

93 .4  

96.2 

1 3 0 . 5  

4 8 . 4  

62.2 

81 .6  

6 3 . 1  

91 .0  

METHANOL USED 
( m m o  1 e s )  

10.7  

11.1 

1 1 . 4  

1 5 . 9  

17 .2  

1 4 . 9  

2 5 . 0  

18 .3  

2 9 . 6  

r e a d i l y  s e p a r a t e d  by c h r o m a t o g r a p h i n g  
t h e i r  ammonium s a l t s  w i t h  a n  e l u t i o n  
s o l v e n t  c o m p o s e d o f  v a r i o u s  p r o p o r t i o n s  
o f  9 5 %  a l c o h o l ,  1 5  N ammonium h y -  
d r o x i d e ,  a n d  w a t e r c 4 )  ( u s u a l l y  9 5  
p a r t s  o f  a l c o h o l ,  5 p a r t s  o f  ammonium 
h y d r o x i d e ) .  The  a c i d i c  p r o d u c t s  f rom 
t h e  r a d i a t i o n  d e g r a d a t i o n  o f  a c e t i c  
a c i d  were d e t e r m i n e d  by p a p e r  ch roma-  
t o g r a p h y  u s i n g  a s  a n  e l u t i o n  s o l v e n t  
d i e t h y l  e t h e r  s a t u r a t e d  w i t h  a m i x t u r e  
o f  7 5 %  g l a c i a l  a c e t i c  a c i d  a n d  25% 
w a t e r .  

P r e p a r a t i v e  C h e ' m i s t r y  ( 0 .  K .  
N e v i l l e ,  V .  F .  R a a e n ,  G .  A .  R o p p ,  
A .  J .  W e i n b e r g e r ,  a n d  D .  N .  H e s s ) .  
M e t h a n o l - C 1 4  ( A .  J .  W e i n b e r g e r ) .  A 

(4)F. Brown, " Appl i ca t ion  o f  Paper Chromatog- 
raphy !o t h e  Sepa ra t ion  o f  Nonvo la t i l e  Carboxyl ic  
Acids, Nature 167, 441 (1951). 

SODIUM ACETATE- 2 - C 1 4  
( m c )  

24 

59 

56 

94 

40 

4 5 . 5  

64  

5 1  

7 0  

70 

YIELD 
( s o )  

48 

63 

58  

72 

8 4  

7 3  

7 8  

8 1  

77 

t o t a l  o f  600  mc o f  m e t h a n o l - C 1 4  was 
p r o d u c e d  f r o m  c a t a l y t i c  r e d u c t i o n  
o f  ~ a r b 0 n - C ' ~  d i o x i d e  by a p r e v i o u s l y  
d e s c r i b e d  p r o c e d u r e . ( '  ) 

Sodium A c e t a t e - 2 - C 1 4  ( V .  F. R a a e n ,  
D .  N .  Hess ,  a n d  G .  A .  R o p p ) .  By t h e  
m e t h o d  d e v e l o p e d  by  H e s s ( 6 )  5 7 4 . 5  m c  
o f  h i g h - s p e c i f i c - a c t i v i t y  s o d i u m  
a c e t a t e - 2 - C 1 4  w a s  p r e p a r e d  f r o m  
m e t h a n o l - C 1 4  i n  8 0 %  o v e r a l l  r a d i o -  
c h e m i c a l  y i e l d .  T h e  y i e l d s  f r o m  t h e  
v a r i o u s  b a t c h e s  a r e  l i s t e d  i n  T a b l e  3.1. 

S o d i u m - 2 - C 1 4  a c e t a t e  a l i q u o t s  o f  
t h e  f o l l o w i n g  s i z e s  w e r e  p r e p a r e d  i n  

("B. M. T o l b e r t ,  " S y n t h e s i s  o f  C a r b o n  
Radioact ive Methyl I o d i d e  a n d  M e t h a n o l  f r o m  
Carbon Dioxide,  J. A m .  C h e m .  S O C .  6 9 ,  1 5 2 9  
( 1947). 

" P r e p a r a t i o n  o f  A c e t i c - 2 - C  14 
Acid," J. Am.  Chern. SOC. 7 3 ,  4038 (1951). 

(6 )D .  N. Hess, 
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f l a s k  f r o m  w h i c h  a c e t i c  a c i d  may b e  
r e a d i l y  d i s t i l l e d  a f t e r  a d d i t i o n  o f  
p h o s p h o r i c  a c i d :  s i x t e e n  1-mc b a t c h e s ,  
s i x  1 0 - m c  b a t c h e s ,  o n e  9 - m c  b a t c h ,  
and one  28-mc b a t c h .  

A c e t i c - 2 - C 1 4  A c i d .  A t o t a l  o f  
4 2 1  mc o f  s o d i u m  a c e t a t e - 2 - C 1 4  w a s  
h e a t e d  i n  h i g h  v a c u u m  w i t h  e x c e s s  
p h o s p h o r i c  a c i d  s a t u r a t e d  w i t h  p h o s -  
p h o r u s  p e n t o x i d e ,  a n d  380  mc ( e s t i -  
m a t e d  on  t h e  b a s i s  o f  t h e  m e a s u r e d  
v o l u m e  o f  a c e t i c  a c i d )  o f  t r i p l e -  
d i s t i l l e d  a c e t i c  a c i d  was c o l l e c t e d .  

C h 1 o r o a c e t i c - 2 - C l 4  A c i d  ( V .  F .  
R a a e n  and  G.  A .  R o p p ) .  By t h e  p r o c e -  
d u r e  p r e v i o u s l y  d e s c r i b e d ( 7 )  3 8 0  m c  
o f  a c e t i c - 2 - C 1 4  a c i d  was c h l o r i n a t e d  
i n  s e a l e d  t u b e s  a t  1 4 0 ° C  i n  t h e  
p r e s e n c e  o f  a d d e d  a c e t y l  c h l o r i d e ,  
r e d  p h o s p h o r u s ,  and i o d i n e .  

M a l o n i c - 2 - C ' 4  A c i d  ( G .  A .  Ropp and 
V .  F .  R a a e n ) .  By t h e  p r o c e d u r e  
d e v e l o p e d  by G a l  a n d  S h u l g i n ( ' )  a n d  
m o d i f i e d  b y  A .  R .  J o n e s  a n d  T .  C .  
W e e k s C 7 )  92  mc o f  m a l o n i c - 2 - C 1 4  a c i d  
was p r e p a r e d  from sod ium a ~ e t a t e - 2 - C ~ ~  
v i a  c h l o r o a c e t i c - 2 - C 1 4  a c i d .  

SYNTHESIS OF H I G H - M O L E C U L A R - W E I G H T  
COMPOUNDS C O N T A I N I N G  C ' 

S y n t h e s i s  a n d  D e t e r m i n a t i o n  o f  
S t r u c t u r e  o f  C 1 4 - L a b e l e d  1 - M e t h y l -  
p h e n a n t h r e n e  ( B .  M. % e n j a m i n *  a n d  
C .  J .  C o l l i n s ) .  T h e  s y n t h e s i s  o f  
1 - m e t h y l p h e n a n t h r e n e  b y  t h e  W a g n e r  
r e a r r a n g e m e n t  o f  1 - m e t h y l - 9 - f l u o r e n e -  
me thano l  was p r e v i o u s l y  r e p o r t e d . ( g )  

( 7 ) E .  J .  Dowling,,, A. R .  Jones ,  W. J .  Skraba, 
and T .  C. Weeks, R a d i a t i o n ,  A n a l y t i c a l ,  and 
P r e p a r a t i v e  C h e m i s t r y , "  C h e m i s t r y  D i v i s i o n  
Q u a r t e r l y  P r o g r e s s  R e  o r t  f o r  P e r i o d  E n d i n g  
March 31, 1951,  ORNL-105!, (Oct. 5 ,  1951). 

( ' )E .  M .  G a l  and A. T. S h u l g i n ,  " Improved 
S y n t h e s e s  :,f C 1 4 - L a b e l e d  M a l o n i c  A c l d  and 
Malon i tr i l e ,  J .  An. Chem. S O C .  7 3 ,  2938 (1951) .  

*Oak R i d g e  I n s t i t u t e  o f  N u c l e a r  S t u d i e s  
raduate fe l low from the  U n i v e r s i t y  o f  F lor ida ,  

Eainesvi l l e  . 

With t h e  p u r p o s e  o f  d e t e r m i n i n g  t h e  ' 

p o s i t i o n  o f  C14 i n  t h e  c o r r e s p o n d i n 6  
l a b e l e d  h y d r o c a r b o n ,  a m e a n s  f o r  
d e g r a d i n g  t h e  s u b s t a n c e  h a s  b e e n  
d e v e l o p e d .  T h e  c o u r s e  o f  t h e  d e g r a -  
d a t i o n  r e a c t i o n s  w h i c h  h a v e  b e e n  
c a r r i e d  o u t  a r e  i n d i c a t e d  i n  t h e  
f o l l o w i n g  f l o w  d i a g r a m :  

C r , 0 7  + CH,COOH 
, 

r e f  l u x  

8 H ;  

/ 

I 

O C O O H  
I 1  

0 
II 

0 CH, 
II I 

I 
COOH 

I11 

I 
COOH 

IV 

(')B. M. Benjamin and C. J .  C o l l i n s ,  " Model 
Runs wi th  Nonradioactive M a t e r i a l ,  OWL-1053, 
o p .  c i t . .  p.  7 6 .  
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I-Methylphenanthrenequinone (I). A 
m i x t u r e  o f  0 . 9 5 7  g o f  l - m e t h y l p h e n a n -  
t h r e n e  and 5 . 2 9  g o f  p o t a s s i u m  d i c h r o -  
m a t e  i n  2 0  m l  o f  a c e t i c  a c i d  w a s  
r e f l u x e d  f o r  5 h r  w i t h  a m a g n e t i c  
s t i r r i n g  b a r .  T h e  c o o l e d  s o l u t i o n  
was d i l u t e d  w i t h  w a t e r  and  e x t r a c t e d  
c o n t i n u o u s l y  w i t h  e t h e r  f o r  4 h r .  
T h e  r e s i d u e  f r o m  t h e  e t h e r  e x t r a c t  
w a s  t r e a t e d  w i t h  e x c e s s  s o d i u m  b i -  
c a r b o n a t e  t o  remove a c i d i c  compounds.  
A s e c o n d  c o n t i n u o u s  e t h e r  e x t r a c t i o n  
g a v e  0 . 7 8 2 7  g ,  59% y i e l d  o f  i m p u r e  
1 - m e t h y l p h e n a n t h r e n e q u i n o n e .  R e -  
c r y s t a l l i z a t i o n  f r o m  e t h a n o l  g a v e  an 
o r a n g e  p r o d u c t  m e l t i n g  a t  1 8 6  t o  
1 9 6 ° C ;  P s c h o r r (  l o )  g i v e s  a m e l t i n g  
p o i n t  o f  196°C. 

T h e  b i c a r b o n a t e  s o l u t i o n  w a s  
a c i d i f i e d  a n d  e x t r a c t e d  w i t h  e t h e r  
t o  g i v e  0 . 1 6 2 3  g o f  a n  a c i d  m e l t i n g  
a t  1 9 1  t o  1 9 2 ° C  a f t e r  w a s h i n g  w i t h  
b e n z e n e .  The a c i d  h a s  a n e u t r a l i z a t i o n  
e q u i v a l e n t  o f  9 4 . 7  a n d  i s  p r o b a b l y  
3 - c a r b o x y d i p h e n i c  a c i d  w h i c h  h a s  a 
t h e o r e t i c a l  n e u t r a l i z a t i o n  e q u i v a l e n t  
o f  9 5 . 4 .  

3 - M e t h y l d i p h e n i c  A c i d  (II). A 
s o l u t i o n  o f  0 . 2 8 4 6  g o f  l - m e t h y l -  
p h e n a n t h r e n e q u i n o n e  i n  2 0  r n l  o f  
a c e t i c  a c i d  c o n t a i n i n g  0 . 2  m l  o f  30% 
h y d r o g e n  p e r o x i d e  w a s  h e a t e d  u n d e r  
r e f l u x .  A f t e r  % h r  1 m l  more o f  h y -  
d r o g e n  p e r o x i d e  w a s  a d d e d .  R e f l u x i n g  
w a s  c o n t i n u e d  f o r  1% h r ,  and t h e n  t h e  
r e a c t i o n  m i x t u r e  was a l l o w e d  t o  s t a n d  
a t  room t e m p e r a t u r e  f o r  1 4  h r .  T h e  
a c e t i c  a c i d  w a s  e v a p o r a t e d  a n d  t h e  
r e s i d u e  was  t a k e n  u p  i n  s o d i u m  b i -  
c a r b o n a t e  a n d  e x t r a c t e d  w i t h  e t h e r .  
A c i d i f i c a t i o n  o f  t h e  s o l u t i o n  a n d  
e t h e r  e x t r a c t i o n  o f  t h i s  p r o d u c e d  

('O'R. P s c h o r r ,  " S y n t h e s e n  u n d , , V e r h a l t e n  
e i n i g e r  n e u e r  P h e n a n t h r e n d e r i v a t e ,  B e r .  3 9 ,  
3106, esp. p. 3111 (1906). 

0 . 2 6 7 4  g ,  85% y i e l d ,  o f  a l i g h t  y e l l o w  
s o l i d .  R e c r y s t a l l i z a t i o n  f r o m  e t h e r  
g a v e  a n  a l m o s t  w h i t e  p r o d u c t  m e l t i n g  
a t  1 8 0  t o  1 8 1 ° C .  I t s  n e u t r a l i z a t i o n  
e q u i v a l e n t  was 1 3 3  ( t h e o r e t i c a l  f o r  
3 - m e t h y l d i p h e n i c  a c i d  i s  1 2 8 ) .  

3-Me t h y l f  l u o r e n o n e - 4 - c a r b o x y l  ic 
A c i d  (III) o r  l - M e t h y l f l u o r e n o n e - 5 -  
c a r b o x y l i c  A c i d  (IV). T o  a f l a s k  
c o n t a i n i n g  15 m l  o f  96% s u l f u r i c  a c i d  
a n d  1 g o f  p h o s p h o r u s  p e n t o x i d e  was 
a d d e d  0 . 1 0 5 8  g o f  3 - m e t h y l d i p h e n i c  
a c i d .  T h e  f l a s k  w a s  s t o p p e r e d  a n d  
s t i r r e d  w i t h  a m a g n e t i c  b a r  f o r  2 1  h r .  
A d d i t i o n  o f  3 0 0  m l  o f  i c e  a n d  w a t e r  
c a u s e d  s e p a r a t i o n  o f  a y e l l o w  p r e c i p -  
i t a t e .  T h i s  s u s p e n s i o n  w a s  c o n -  
t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  u n t i l  
n o  more  y e l l o w  c o l o r  a p p e a r e d  i n  t h e  
e t h e r  l a y e r .  A f t e r  e v a p o r a t i o n  of t h e  
e t h e r ,  w a s h i n g  w i t h  w a t e r ,  and d r y i n g ,  
0 . 0 7 5 6  g ,  7 6 . 8 %  o f  t h e o r e t i c a l  y i e l d ,  
o f  p r o d u c t  m e l t i n g  a t  1 9 7  t o  2 2 5 ° C  
was o b t a i n e d .  R e c r y s t a l l i z a t i o n  f rom 
b e n z e n e  gave  0 . 0 6 2 g  o f  y e l l o w  c r y s t a l s  
m e l t i n g  a t  1 9 8 . 4  t o  2 0 0 ° C .  D e -  
c a r b o x y l a t i o n  o f  t h i s  a c i d  w i t h  b a s i c  
c o p p e r  c a r b o n a t e  and q u i n o l i n e  g a v e  a 
p r o d u c t  ( p r e s u m a b l y  a c r u d e  r n e t h y l -  
f l u o r e n e )  w h i c h  h a s  n o t  y e t  b e e n  
i d e n t i f i e d .  

MECHANISM STUDIES OF O R G A N I C  REACTIONS 

I s o t o p e  E x c h a n g e  R e a c t i o n s  I n -  
v o l v i n g  t h e  Carbon-Carbon Bond ( C .  D .  
D o u g l a s s  a n d  0 .  K .  N e v i l l e ) .  T h e  
r e v e r s i b i l i t y  o f  t h e  F r i e d e l - C r a f t s  
a l k y l a t i o n  r e a c t i o n  i s  w e l l  k n o w n .  
T h o u g h  n o t  d e f i n i t e l y  p r o v e d ,  t h e  
a c y l a t i o n  r e a c t i o n  h a s  been  c o n s i d e r e d  
t o  be i r r e v e r s i b l e .  A d e t e r m i n a t i o n  
o f  t h e  r e v e r s i b i l i t y  i s  b e i n g  made by 
s t u d y i n g  t h e  e x t e n t  o f  i n t e r a c t i o n  
b e t w e e n  a r o m a t i c  k e t o n e s  a n d  l a b e l e d  
a c i d  c h l o r i d e  i n  t h e  p r e s e n c e  o f  
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s t r o n g  L e w i s  a c i d s ,  s u c h  a s  a luminum 
c h l o r i d e  : 

AlC1, 
___j R’COR + RC*OCl < R‘C*OR + ROC1 

I s o l a t i o n  o f  t h e  o r i g i n a l  k e t o n e  
and d e t e r m i n a t i o n  o f  i t s  r a d i o a c t i v i t y  
w i l l  i n d i c a t e  t h e  d e g r e e  of  e x c h a n g e .  

U n d e r  a n u m b e r  o f  c a t a l y t i c  c o n -  
d i t i o n s ,  i n  a v a r i e t y  o f  s o l v e n t s ,  
a c e t o p h e n o n e  w a s  f o u n d  n o t  t o  e x -  
c h a n g e  w i t h  a c e t y l  c h l o r i d e .  S i m i l a r  

r e s u l t s  were o b t a i n e d  w i t h  t h e  b e n -  
z o p h e n o n e - b e n z o y l  c h l o r i d e  p a i r .  
A c t i v a t i o n  b y  r i n g  s u b s t i t u t i o n  o f  
h y d r o x y  or m e t h o x y  g r o u p s  h a s  f a i l e d  
t o  c a u s e  e x c h a n g e .  T a b l e  3 . 2  s h o w s  
t h e  c o m p o u n d s  a n d  c o n d i t i o n s  w h i c h  
have  been  u s e d  i n  t h i s  s t u d y .  

P r e l i m i n a r y  e x p e r i m e n t s  h a v e  b e e n  
c a r r i e d  o u t  on t h e  r e v e r s i b i l i t y  o f  
t h e  K o l b e  r e a c t i o n ,  i n  w h i c h  c a r b o n  
d i o x i d e  r e a c t s  w i t h  a p h e n o l  s a l t  t o  
p r o d u c e  t h e  c o r r e s p o n d i n g  o - p h e n o l i c  

TABLE 3 . 2  
Exchange of K e t o n e s  w i t h  Acid  C h l o r i d e s  

ACID 
CHLORIDE 

CH3CUC1 

cH,CoCl 

cH,OCl 

C€I,CoCl 

CH3COC1 

CH,CoC1 

cH,CoCl 

CH,CoCl 

CH,CQCl 

0 

CH,COCl 

C6H5COC1 

C,H,COCl 

C,H,COCl 

CH,cOCl 

C6H5COCl 

C6H5COC1 

CATALYST 

AlC1, 

AlC1, 

HC1 

AlBr, 

AlC1, 

H3W4 

H 3 p o I  

H3 Po, 
AlC1, 

SnC1, 

AlCl, 

AlC1, 

H3W4 

AlC1, 

AlC1, 

AlC1, 

MOLAR 
PROPORTION 

OF CATALYST 

2 

2 

2 

4 

C a t a l y t i c  amount 

C a t a l y t i c  amount 

C a t a l y t i c  amount 

3 

4 

3 

3 

C a t a l y t i c  amount 

3 

3 

3 

SOLVENT 

‘6”SM)2 

( 3 2  

cs2 
( 3 2  

None 

None 

None 

None 

cs2 
a 2  

C6H5N02 

cs2 
None 

cs2 
‘6 H5 

C6H5N02 

TEMPERATURE 

Room 

Room 

110 OC 

Room 

Room 

50 OC 

Room 

50 OC 

40 OC 

Room 

Room 

Room 

l0O0C 

Room 

Room 

l0O0C 

TIME 
FOR REACTION 

9 2  h r  

9 2  h r  

3 1  h r  

16 h r  

44  h r  

3 h r  

16 hr 

2 h r  

5 d a y s  

3 d a y s  

16  h r  

16 h r  

45 min 

16 h r  

16 h r  

1 h r  
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c a r b o x y l i c  a c i d .  T h i s  r e a c t i o n  i s  
b e i n g  s t u d i e d  b y  d e t e r m i n a t i o n  o f  
t h e  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
a c i d  p r o d u c t  a f t e r  e q u i l i b r a t i o n  w i t h  
~ a r b 0 n - C ' ~  d i o x i d e :  

+ C'02 + e- + C*O2 
/ -C*OOH 

R e s u l t s  t o  d a t e  a r e  i n c o n c l u s i v e .  

Acetyl- l-C14 Chloride. T h e  me thod  
o f  F i e s e r ( " )  w a s  u s e d  t o  c o n v e r t  
a c e t i c - l - C 1 4  a c i d  ( 2  p c / m m o l e )  t o  
a c e t y l  c h l o r i d e .  The c r u d e  a c e t y l - l - C 1 4  
c h l o r i d e  was p u r i f i e d  by  t h e  a d d i t i o n  
o f  a s m a l l  amoun t  o f  d i m e t h y l a n i l i n e  
and d i s  t i 1 l a  t i on. 

Benzoyl  -7-C14 C h l o r i d e .  A t w o f o l d  
e x c e s s  o f  t h i o n y l  c h l o r i d e  was a d d e d  
t o  benzo ic -7 -C14  a c i d  o f  a p p r o x i m a t e l y  
2 pc /mmole  a c t i v i t y ,  a n d  t h e  m i x t u r e  
w a s  a l l o w e d  t o  s t a n d  o v e r n i g h t .  T h e  
m i x t u r e  was h e a t e d  f o r  1 h r  a t  1 0 0 ° C  
u n d e r  r e f l u x .  T h e  e x c e s s  t h i o n y l  
c h l o r i d e  w a s  d i s t i l l e d  o f f  a n d  t h e  
b e n z o y l - 7 - C 1 4  c h l o r i d e  was d i s t i l l e d  
i n  vacuo  a t  1 2 5  t o  126°C.  

Attempted Exchange Reactions. T h e  
c o n d i t i o n s  a n d  r e s u l t s  o f  t h e  a t -  
t e m p t e d e x c h a n g e  r e a c t i o n s a r e  p r e s e n t e d  
i n  T a b l e  3 . 2 .  I n  e v e r y  c a s e  t h e  
r e a c t i o n  m i x t u r e s  were decomposed  b y  
a d d i n g  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  
i c e .  T h e  k e t o n e s  were e x t r a c t e d  w i t h  
e t h e r .  I n  t h e  c a s e s  o f  t h e  k e t o n e s  
t h a t  a r e  l i q u i d  a t  room t e m p e r a t u r e ,  
s o l i d  d e r i v a t i v e s  w e r e  p r e p a r e d  
( u s u a l l y  t h e  2 , 4 - d i n i t r o p h e n y l h y -  
d r a z o n e s ) .  T h e  k e t o n e  d e r i v a t i v e  
was p u r i f i e d  by r e c r y s t a l l i z a t i o n  a n d  
d e c o l o r i z a t i o n  w i t h  c h a r c o a l  a n d  was 
t h e n  a s s a y e d  f o r  r a d i o a c t i v i t y .  

(" )L .  F. F i e s e r ,  E x p e r i m e n t s  i n  O r g a n i c  
C h e m i s t r y ,  p. 76, Heath,  New York, 1941. 

The  compounds i s o l a t e d w e r e  examined  
c r i t i c a l l y  a s  t o  i d e n t i t y  a n d  p u r i t y  
b y  u s e  o f  p a p e r  c h r o m a t o g r a p h y ,  
i n f r a r e d  a n d  u l t r a v i o l e t  s p e c t r a ,  a n d  
c o n v e n t i o n a l  c h e m i c a l  me thods .  

E x c h a n g e  h a s  n o t  b e e n  d e m o n s t r a t e d  
i n  any o f  t h e  r e a c t i o n s  s t u d i e d .  

R e a r r a n g e m e n t  o f  a ,  a - D i b r o m o -  
prop iophenone  ( K .  S .  Warren  and  0. K .  
N e v i l l e ) .  ala-Dibromopropiophenone 
( I )  r e a r r a n g e s  t o  a t r o l a c t i c  a c i d  
( V I 1  o r  VIII) i n  c o n c e n t r a t e d  a l k a l i n e  
s o l u t i o n .  T h e  r e a c t i o n  h a s  b e e n  
p o s t u l a t e d ( 1 2 )  t o  o c c u r  by  t h e  i n t e r -  
m e d i a t e  f o r m a t i o n  o f  t h e  d i k e t o n e  
a c e t y l b e n z o y l  ( I V )  w h i c h  t h e n  u n d e r -  
g o e s  a b e n z i l i c  a c i d  t y p e  o f  r e -  
a r r a n g e m e n t  ( p a t h s  2 or 3 b e l o w ) :  

C6HSC*OCBr2CH, -+ C6HSC*OCOCH, + C6HsC*OCCH, m 
I 

C H C'CBr,CH, C H C*COCH, C H C*COO- 

OH OH 
5~ 

OH 

I I1 
VI11 I v  

7sH5 7 6 %  

c *  CCH, 
I I  

-0 CH, -0 OH 

I11 VI I 

P a t h  1: I __j I1 + 111- VI1 

P a t h  2: I --> IV +V VI1 

P a t h  3: I d  IV +VI VI11 

(12)R. L e v i n e  a n d  J .  R .  S t e p h e n s ,  " T h e  
C o u r s e  o f  t h e  O x i d a t i o n  o f  Pro i o p h e n o n e  w i t h  
A l k a l i n e  H p o b r o m i t e  S o l u t i o n  a n 8  C e r t a i n  R e l a t e d  
R e a c t i o n s ,  J .  An. Chem. SOC. 72, 1642 (1950). 

52 



FOR PERIOD ENDING JUNE 3 0 ,  1 9 5 1  

An a l t e r n a t e  r e a c t i o n  s e q u e n c e  w h i c h  
d o e s  n o t  i n v o l v e  t h e  f o r m a t i o n  o f  t h e  
i n t e r m e d i a t e  d i k e t o n e  ( I V )  i s  t h a t  
shown i n  p a t h  I .  

By c a r r y i n g  o u t  t h e  r e a r r a n g e m e n t  
w i t h  t h e  d i b r o m i d e  a n d  w i t h  t h e  
d i k e t o n e s ,  e a c h  l a b e l e d  i n  a c a r b o n y l  
g r o u p ,  a n d  d e t e r m i n i n g  t h e  p o s i t i o n  
o f  t h e  C 1 4  i n  t h e  a c i d  p r o d u c t  t h e  
i d e n t i t y  o f  t h e  m i g r a t i n g  g r o u p  
( p h e n y l  o r  m e t h y l )  may b e  d e t e r m i n e d .  
By t h i s  a t  l e a s t  o n e  and  p e r h a p s  two  
o f  t h e  r e a c t i o n  p a t h s  a b o v e  may b e  
e x c l u d e d .  T h e  e x p e r i m e n t s  w i t h  
l a b e l e d  a,a-dibromopropiophenone ( I ) ,  
l a b e l e d  i n  t h e  c a r b o n y l  g r o u p ,  a r e  
c o m p l e t e .  D e g r a d a t i o n o f  t h e  a t r o l a c t i c  
a c i d  f o r m e d  f r o m  t h i s  compound  h a s  
s h o w n  t h e  r e a r r a n g e m e n t  t o  i n v o l v e  
o n l y  p h e n y l  g r o u p  m i g r a t i o n ,  t h u s  
e l i m i n a t i n g  p a t h  3 a s  a r e a c t i o n  
s e q u e n c e .  T h e  w o r k  on m e t h y l  p h e n y l  
d i k e t o n e  i s  i n  p r o g r e s s .  

C a r b o n y l - l a b e l e d  p r o p i o p h e n o n e  
was p r e p a r e d  by t r e a t m e n t  o f  c a r b o n y l -  
l a b e l e d  benzamide  w i t h  e t h y l  magnesium 
b r o m i d e .  The  k e t o n e  was c o n v e r t e d  by 
d i r e c t  b r o m i n a t i o n .  

( a ,  a-Di brornop rop  i o - I - C '  4, - p h e n o n e .  
T o  9 . 7  g (0.4 m o l e )  o f  m a g n e s i u m  
t u r n i n g s  c o n t a i n e d  i n  a 250-1111 r o u n d -  
b o t t o m e d  t h r e e - n e c k e d  f l a s k  was a d d e d  
s l o w l y  a s o l u t i o n  o f  5 3 . 6  g ( 0 . 5  mole)  
o f  e t h y l  b r o m i d e  i n  9 5  m l  o f  e t h e r .  
W h i l e  t h e  f l a s k  was  c o o l e d  i n  i c e ,  
12.1 g (0.1 m o l e )  o f  c a r b o n y l - l a b e l e d  
b e n z a m i d e  was s l o w l y  a d d e d  u n d e r  d r y  
n i t r o g e n .  A f t e r  a r e f l u x  p e r i o d  o f  
24 h r  t h e  r e a c t i o n  m i x t u r e  was h y -  
d r o l y z e d  w i t h  i c e  a n d  s u l f u r i c  a c i d  
a n d  e x t r a c t e d  w i t h  e t h e r .  From t h e  
e x t r a c t  was o b t a i n e d  7 . 5  g (56% y i e l d )  
o f  p r o p i o p h e n o n e  ( 1 1 ) .  

One gram o f  t h e  u n p u r i f i e d  p r o p i o -  
p h e n o n e  was  t r e a t e d  w i t h  a s o l u t i o n  

o f  2 . 5 0  g o f  b r o m i n e  i n  7 . 5  m l  o f  
c h l o r o f o r m  a n d  a l l o w e d  t o  s t a n d  a t  
2 5 . 5 " C  f o r  % h r  b e f o r e  i t  w a s  r e -  
f l u x e d  f o r  4 h r .  T h e  s o l v e n t  w a s  
c a r e f u l l y  r e m o v e d  t o  g i v e  2 . 1 3  g 
( 9 7 %  t h e o r e t i c a l  y i e l d )  o f  c r u d e  
ala-dibromopropiophenone. 

H y d r o  l y s i s  a n d  R e a r r a n g e m e n t  of 
a,a-Dibromopropiophenone (III). T h e  
c r u d e  d i b r o m i d e  was v i g o r o u s l y  s t i r r e d  
w i t h  4 2 . 6  g o f  2 0 %  a q u e o u s  s o d i u m  
h y d r o x i d e  f o r  3% h r .  T h e  a q u e o u s  
p h a s e  w a s  e x t r a c t e d  w i t h  e t h e r  a n d  
a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y -  
d r o c h l o r i c  a c i d .  T h e  p r e c i p i t a t e d  
c r y s t a l l i n e  a t r o l a c t i c  a c i d  w a s  r e -  
moved by  f i l t r a t i o n  a n d  s u b l i m e d  a t  
7 0  t o  75°C; m.p. 9 1  t o  9 2 0 C . ( 1 3 )  

O x i d a t i o n  o f  A t r o l a c t i c  A c i d  a n d  
R a d i o a s s a y  o f  t h e  P r o d u c t s .  A s m a l l  
p o r t i o n  ( 8 3  mg) o f  I V w a s d e c a r b o x y l a t e d  
a t  room t e m p e r a t u r e  by  t r e a t i n g  w i t h  
a m i x t u r e  o f  44 mg o f  c h r o m i u m  t r i -  
o x i d e  a n d  2.0 m l  o f  g l a c i a l  a c e t i c  
a c i d  i n  a s m a l l  f l a s k  c o n n e c t e d  t o  a 
b a r i u m  h y d r o x i d e  a b s o r p t i o n  t r a i n .  
T h e  a p p a r a t u s  was s w e p t  w i t h  n i t r o g e n  
g a s ,  a n d  t h e  e v o l v e d  c a r b o n  d i o x i d e  
w a s  c o n v e r t e d  t o  b a r i u m  c a r b o n a t e .  
T h e  r e s i d u e  i n  t h e  f l a s k  w a s  e x -  
t r a c t e d  w i t h  e t h e r ,  a n d  t h e  e t h e r  
e x t r a c t  was w a s h e d  w i t h  s o d i u m  b i -  
c a r b o n a t e  a n d  t h e n  e v a p o r a t e d .  T h e  
r e s i d u a l  a c e t o p h e n o n e  was c o n v e r t e d  
t o  t h e  s e m i c a r b a z o n e ,  w h i c h  a f t e r  two 
c r y s t a l l i z a t i o n s  f r o m  25% a l c o h o l  
m e l t e d  a t  198"C.( l 4  ) 

T h e  r a d i o a s s a y s  were c o n d u c t e d  by 
t h e  w e t  c o m b u s t i o n  o f  s m a l l  s a m p l e s  

( 1 3 ) C f .  M. V. Grignard,  " A c t i o n  d e s  com- 
b i n a i s o n s  o r g a n o m a g n i s i e , y e s  m i x t e s  sur l e s  

t e r s  d 'ac ides  cCtoni ues  Ann. chim. e t  p h y s .  
f7f 27, 548, esp. p. 557 (1502). 

(14'Cf. R. L. Shriner and R. C. Fuson, S y s t e m a t i c  
I d e n t i  i c a t i o n  o O r g a n i c  Compounds ,  p.  110, 
Wiley, I f e w  York, 1635. 
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t o  c a r b o n  d i o x i d e  a n d  i o n  c h a m b e r  
a s s a y  o f  t h e  c a r b o n  d i o x i d e  o n  t h e  
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 .  T h e  
a c e t o p h e n o n e  c o n t a i n e d  0 . 0 0 5 7 9  pc o f  
C14 p e r  m i l l i m o l e ,  and  t h e  BaCO, f rom 
t h e  a b s o r p t i o n  t r a i n  g a v e ,  on  a c i d i -  
f i c a t i o n ,  c a r b o n  d i o x i d e  w i t h  0 .909  pc 
o f  CI4 p e r  m i l l i m o l e .  T h e  s t a r t i n g  
m a t e r i a l  , b e n z a m i d e  , c o n t a i n e d  1 . 0 2 8  
p c  o f  c', p e r  m i l l i m o l e .  

R e a r r a n g e m e n t  of p - M e t h o x y b e n z i l  
( E .  C. H e n d l e y ( ' )  a n d  0. K .  N e v i l l e ) .  
T h e  a l k a l i n e  r e a r r a n g e m e n t  o f  C 1 4  - 
l a b e l e d  p - m e t h o x y b e n z i l  (I) h a s  b e e n  
f o u n d  t o  g i v e  p - m e t h o x y b e n z o p h e n o n e  
( 1 1 1 )  c o n t a i n i n g  35% o f  t h e  i n i t i a l  
a c t i v i t y .  S i n c e  t h e  C14 c o n t e n t  o f  
t h e  c a r b o n y l  g r o u p  i n  compound ( 1 1 1 )  
i s  a m e a s u r e o f  t h e  d e g r e e  o f  m i g r a t i o n  
of  t h e  p - m e t h o x y p h e n y l  g r o u p ,  t h e  
p e r c e n t  m i g r a t i o n  o f  t h e  p h e n y l  g r o u p  
was 65%. 

N aOH 

C,H,OH 
C,H,C*OCOC,H, -p-OCH, - 

I 

CrO, . 
CH,COOH 

I 1  

C,H,C*OC,H, -p-OCH, -t c*02 

0.1895 pc/mmole 

I11 

p - M e t h o x y b e n z i l .  A m i x t u r e  o f  
1 2 8  mg o f  s e l e n i u m  d i o x i d e ,  260 mg o f  

(')Member of  t h e  R e s e a r c h  P a r t i c i p a t i o n  
Program s p o n s o r e d  j o i n t l y  by  t h e  Oak Ridge  
I n s t i t u t e  of  N u c l e a r  S t u d i e s  and Oak Ridge  
Nat ional  Laboratory; ermanent address,  Missis- 
s i p p i  S t a t e  College, {tat, Co l l ege ,  Miss i s s ipp i .  

p - m e t h o x y b e n z y l  p h e n y l  k e t o n e ,  5 ml 
o f  d i o x a n e ,  a n d  2 d r o p s  o f  w a t e r  was 
r e f l u x e d  f o r  2 4  h r ,  a f t e r  w h i c h  t h e  
s e l e n i u m  was r e m o v e d  by  f i l t r a t i o n .  
Mos t  o f  t h e  d i o x a n e  w a s  r e m o v e d  b y  
e v a p o r a t i o n ,  5 m l  o f  w a t e r  was a d d e d ,  
and  t h e  b e n z i l  w a s  e x t r a c t e d  w i t h  
e t h e r .  A f t e r  t h e  e t h e r  was  r e m o v e d ,  
r e c r y s t a l l i z a t i o n  o f  t h e  b e n z i l  f r o m  
an e t h a n o l - w a t e r  m i x t u r e  y i e l d e d  
132  mg ( 4 7 . 8 %  o f  t h e  t h e o r e t i c a l  
y i e l d )  o f  t h e  b e n z i l ,  m.p. 6 1  t o  62OC. 

R e a r r a n g e m e n t  o f  p - M e t h o x y b e n z i  I .  
A s o l u t i o n  c o n t a i n i n g  5 m l  o f  a l c o h o l ,  
1 0  m l  o f  w a t e r ,  2 . 2  g o f  s o d i u m  h y -  
d r o x i d e ,  and 132 mg o f  p - m e t h o x y b e n z i l  
was s t i r r e d  f o r  2 4  h r  a t  r o o m  t e m -  
p e r a t u r e ,  a f t e r  w h i c h  i t  w a s  d e -  
c o l o r i z e d  w i t h  D a r c o  a n d  f i l t e r e d .  
When t h e  a c i d i f i e d  s o l u t i o n w a s  c o o l e d ,  
p - m e t h o x y b e n z i l i c  a c i d  p r e c i p i t a t e d .  
R e c r y s t a l l i z a t i o n  o f  t h i s  a c i d  f rom a 
p e t r o l e u m  e t h e r - c h l o r o f o r m  m i x t u r e  
g a v e  68  mg o f  w h i t e  s o l i d ,  m.p. 1 4 7  
t o  148OC. 

D e c a r b o x y l a t i o n  o f  t h e  p -Methoxy-  
b e n z i l i c  A c i d .  A m i x t u r e  o f  6 0  mg o f  
t h e  a c i d ,  1 6  mg o f  c h r o m i c  o x i d e ,  and  
3 m g o f g l a c i a l  a c e t i c  a c i d  was s t i r r e d  
f o r  1% h r .  T h e  c a r b o n  d i o x i d e  f r o m  
t h e  d e c a r b o x y l a t i o n  w a s  s w e p t  i n t o  
h a l f - s a t u r a t e d  b a r i u m  h y d r o x i d e  s o l u -  
t i o n ,  c o n t a i n e d  i n  t w o  c e n t r i f u g e  
t u b e s  a r r a n g e d  i n  se r ies .  The  p r e c i p -  
i t a t e d  b a r i u m  c a r b o n a t e  w a s  c e n t r i -  
f u g e d ,  w a s h e d  c a r e f u l l y  w i t h  w a t e r ,  
and d r i e d .  

A f t e r  d e c a r b o x y l a t i o n  t h e  m i x t u r e  
w h i c h  r e m a i n e d  i n  t h e  r e a c t i o n  f l a s k  
was a d d e d  t o  1 0  m l  o f  w a t e r ,  n e u t r a l -  
i z e d  w i t h  s o d i u m  b i c a r b o n a t e ,  a n d  
e x t r a c t e d  w i t h  e t h e r .  R e m o v a l  o f  
t h e  e t h e r  l e f t  a c l e a r  g l a s s ,  w h i c h  
when c r y s t a l l i z e d  f r o m  a m e t h a n o l -  
w a t e r  s o l u t i o n  y i e l d e d  3 0 . 1  mg o f  
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c r y s t a l s  o f  t h e  p -me thoxybenzophenone ,  
m.p. 6 1  t o  62°C.  

Rearrangement o f  P,P-Disubstituted 
E t h a n o l s  ( J o h n  G. B u r r ,  J r . ) . T h e  
a c i d - c a t a l y z e d  r e a r r a n g e m e n t  o f  P,p- 
d i s u b s t i t u t e d  e t h a n o l s  ( I )  i s  known(") 
t o  g i v e  i n  p a r t  or e n t i r e l y  ( d e p e n d i n g  
u p o n  t h e  n a t u r e  o f  t h e  s u b s t i t u e n t  
g r o u p s )  s y m m e t r i c a l  e t h y l e n e s  ( 1 1 ) .  

Rl 
\ H+ 

CH-C'4H,0H - R,C'4H=C'4HR, - H,O / 
R2 

I 

Rl 

I1 

H+ 

\ 
RiC 14 H, /"' 

Ib 

R2 

\ 

I C  

T h e s e  r e a r  r a n g e m e n  t s p r e s u m a b l y  
p r o c e e d  t h r o u g h  t h e  c a r b o n i u m  i o n  
i n t e r m e d i a t e ,  Ia. T h e  e t h y l e n e  ( 1 1 )  
i s  p o s t u l a t e d  t o  be formed t h r o u g h  one  
o r  b o t h  o f  t h e  i n t e r m e d i a t e s ,  Ib or IC, 

('"P. Remart and P. Amagat, " Sur que1 ue 
trans ositions molkculaires, " Ann. c h i r .  el07 
8, 26f (1927); M. S. Kharasch and R. Clapp, " The 
Reactions of Epoxy Compounds with Reagents. I. 
The Interaction of Pheny1epoxye;hane (Styrene 
Oxide) and Arylmagnesium Halides, J .  Org. Chen. 
3, 355 (1938-39). 

a r i s i n g  b y  m i g r a t i o n  o f  R ,  a n d  R , ,  
r e s p e c t i v e l y .  T h e  r e l a t i v e  a m o u n t s  
o f  m i g r a t i o n  o f  t h e s e  two g r o u p s  c a n  
be d e t e r m i n e d  b y  s t u d y i n g  t h e  r e -  
a r r a n g e m e n t  w i t h  a P , P - d i s u b s t i t u t e d  
e t h a n o l  c o n t a i n i n g  a l a b e l e d  c a r b o n  
atom i n  e i t h e r  t h e  a o r  p p o s i t i o n .  

E f f o r t s  t h u s  f a r  have  b e e n  d e v o t e d  
t o  t h e  a t t e m p t  t o  o b t a i n  a me thod  o f  
p r e p a r a t i o n  w h i c h  w o u l d  b e  b r o a d l y  
a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  o f  
e t h a n o l s  s u c h  a s  I w i t h  a number  o f  
d i f f e r e n t  t y p e s  o f  R '  and R".  

Reactionof Hydroxymethylene Ketones 
with A l k a l i n e  F o r m a l i n  S o l u t i o n s  
( J o h n  G. B u r r ,  J r . ) .  I n  an e x t e n s i o n  
o f  t h e  p r e v i o u s l y  r e p o r t e d  r e a c t i o n ( 1 6 )  
o f  a l k a l i n e  f o r m a l i n  s o l u t i o n s  w i t h  
h y d r o x y m e t h y  l e n e  d e s  o x y b e n  z o i n  , t h e  
p r e p a r a t i o n  o f  s e v e r a l  n o v e l  h y -  
droxym e t h y  1 e n  e k e  t o n  e s h a  s b e e n  
i n v e s t i g a t e d .  

I t  h a s  b e e n  s h o w n  t h a t  t h e  r e -  
a c t i o n  o f  p h e n y l a c e t a l d e h y d e  a n d  
a n t h r o n e  w i t h  e t h y l  f o r m a t e  i n  t h e  
p r e s e n c e  o f  s o d i u m  m e t h o x i d e  g i v e s  
o n l y  t h o s e  p r o d u c t s  w h i c h  a r e  known 
t o  r e s u l t  from t h e  a c t i o n  o f  a l k o x i d e s  
upon t h e s e  compounds. 

Effect o f  A l u m i n u m  C h l o r i d e  o n  
E thylbenzene-8-C' (Roys  t o n  R o b e r t s  fa '  

G u s  A .  R o p p ,  a n d  0 .  K .  N e v i l l e ) .  
( E t h y l - 2 - C 1 4 ) - b e n z e n e  h a s  b e e n  p r e -  
p a r e d  i n  85% r a d i o c h e m i c a l  y i e l d  by 
c a t a l y t i c  r e d u c t i o n  o f  a c e t o - 2 - C 1 4 -  
p h e n o n e .  A s t u d y  i s  b e i n g  made o f  
t h e  i s o m e r i z a t i o n  o f  t h i s  compound on 
t r e a t m e n t  w i t h  a l u m i n u m  c h l o r i d e .  
T h e  i s o m e r i z a t i o n  i n v o l v e s  t h e  s h i f t  
o f  t h e  l a ' b e l e d  c a r b o n  f r o m  t h e  p t o  
t h e  a p o s i t i o n .  

( I 6 ) J .  G. B u r r ,  J r . ,  " The Reactio: of 9 -  
Formylfluorene-lO-C14 with Formaldehyde, J .  Am. 
Chem. SOC. 73, 823 (1951). 

( a )Resea rch  Participant, University of Texas, 
Austin. 
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P r e p a r a t i o n  o f  ( E t h y l -  2-C14) - 
b e n z e n e .  A c e t 0 - 2 - C ' ~ - p h e n o n e  ( 2 . 1  m l ,  
18  m m o l e s ,  1 . 7 4  p c / m m o l e )  d i s s o l v e d  
i n  6 m l  o f  g l a c i a l  a c e t i c  a c i d  c o n -  
t a i n i n g  5 d r o p s  o f  7 0 %  p e r c h l o r i c  
a c i d  was s t i r r e d  f o r  7 2  h r  w i t h  2 g 
o f  5% p a l l a d i u m  on c h a r c o a l  c a t a l y s t  
i n  h y d r o g e n  a t  2 5  p s i  p r e s s u r e .  One 
h u n d r e d  m i l l i l i t e r s  o f  c . p .  e t h y l -  
b e n z e n e  w a s  a d d e d  t o  t h e  r e a c t i o n  
m i x t u r e ,  a n d  c h e m i c a l l y  p u r e  ( e t h y l -  
2 - C 1 4 - b e n z e n e  w a s  i s o l a t e d .  Two 
s u c c e s s i v e  d i s t i l l a t i o n s  t h r o u g h  a 
3 6 - i n .  10-mm V i g r e u x  c o l u m n  d i d  n o t .  
c h a n g e  i t s  s p e c i f i c  a c t i v i t y  ( 1 . 7 1  
pc/mmole,  b . p .  1 3 2  t o  134°C a t  7 4 3  m m  
H g ) .  T h e  r a d i o c h e m i c a l  y i e l d  f r o m  
ace to -2 -C14  -phenone  was 85%. 

D e g r a d a t i o n  o f  ( E t h y l - 2 - C I 4 ) -  
b e n z e n e .  T o  d e m o n s t r a t e  t h a t  t h e  
C 1 4  a c t i v i t y  o f  t h e  ( e t h y l - 2 - C 1 4 ) -  

b e n z e n e  w a s  p r e s e n t  o n l y  i n  t h e  
p o s i t i o n  ,8 t o  t h e  r i n g ,  a s a m p l e  
w a s  o x i d i z e d  b y  n i t r i c  a c i d  t o  p -  
n i t r o b e n z o i c  a c i d  w h i c h  was shown t o  
be  n o n r a d i o a c t i v e .  T h r e e  m i l l i l i t e r s  
o f  ( e t h y l - 2 - C I 4 ) - b e n z e n e  was  h e a t e d  
f o r  40 h r  a t  125°C w i t h  3 0  m l  o f  c . p .  
n i t r i c  a c i d .  E x c e s s  w a t e r  was a d d e d ,  
a n d  t h e  p r e c i p i t a t e d  y e l l o w  s o l i d  
w a s  f i l t e r e d  a n d  w a s h e d  t h o r o u g h l y  
w i t h  w a t e r .  T h e  c o l l e c t e d  p r o d u c t  
was  d i s s o l v e d  i n  s o d i u m  b i c a r b o n a t e  
s o l u t i o n  a n d  e x t r a c t e d  w i t h  e t h e r  
t o  r e m o v e  n o n a c i d i c  b y - p r o d u c t s  o f  
t h e  o x i d a t i o n .  T h e  p r o d u c t  w a s  
r e p r e c i p i t a t e d  f r o m  t h e  b i c a r b o n a t e  
s o l u t i o n  w i t h  s u l f u r i c  a c i d .  I t  was 
r e c r y s t a l l i z e d  f r o m  b o i l i n g  w a t e r  
a n d  d r i e d  a t  7 0 ° C  t o  g i v e  1 0 0  mg 
( 2 4 %  y i e l d )  o f  p - n i t r o b e n z o i c  a c i d ,  
m.p. 2 3 1  t o  236"C, wh ich  was f o u n d  t o  
c o n t a i n  o n l y  background  a c t i v i t y .  
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4. CHEMISTRY OF SEPARATION PROCESSES 

FLUORIDE STUDIES 

P.  A. Agron 

Removal of P a 2 3 3  from Neutron-Ir- 
radiated ThF,. The  work p r o p o s e d  i n  
t h e  l a s t  q u a r t e r l y  r e p o r t ( ' )  o n  t h e  
r e m o v a l  o f  p r o t a c t i n i u m  f r o m  t h e  
p e l l e t e d  s a m p l e  o f  t h o r i u m  f l u o r i d e  
( s u r f a c e  a r e a  = 0 . 4 8  m 2 / g )  i s  i n  
p r o g r e s s .  

Fluoride Solubility Studies. Ex- 
p e r i m e n t a l  p r o c e d u r e s  a r e  b e i n g  c o n -  
s i d e r e d  f o r  d e t e r m i n i n g  t h e  s o l u -  
b i l i t i e s  o f  m e t a l  f l u o r i d e s  i n  a n -  
h y d r o u s  HF; i n  p a r t i c u l a r ,  t h i s  s t u d y  
w i l l  c o n c e r n  t h e  f l u o r i d e s  o f  u r a n i u m  
and  f i s s i o n  p r o d u c t s .  

The p h a s e  s t u d y  o f  U0,F2-HF-H,O h a s  
b e e n  c a r r i e d  o u t  u p  t o  a 4 2 %  c o n -  
c e n t r a t i o n  o f  H F ( , )  a t  25°C.  I t  i s  
p r o p o s e d  t o  c o m p l e t e  t h i s  p h a s e  s t u d y  
by  e x t e n d i n g  t h e  r a n g e  t o  h i g h e r  c o n -  
c e n t r a t i o n s  o f  HF. The  s o l u b i l i t y  o f  
UO,F, i n  a n h y d r o u s  HF a s  a f u n c t i o n  o f  
t e m p e r a t u r e  w i l l  a l s o  b e  s t u d i e d .  

ORGANIC CHEMISTRY OF SOLVENTS 

W. H. Ba ldwin  and C. E. H i g g i n s  

Abstract. T h e  k e r o s e n e  d i l u e n t  
c u r r e n t l y  u s e d  i n  t h e  P u r e x  p r o c e s s  
r e a c t s  w i t h  5 M HNO, a b o v e  1 0 0 ° C  t o  
g i v e  n i t r a t i o n  p r o d u c t s  and c a r b o x y l i c  
a c i d s .  T h e s e  p r o d u c t s  c o u l d  a d v e r s e l y  
a f f e c t  t h e  p r o c e s s  i f  e l e v a t e d  t e m -  
p e r a t u r e s  were u s e d .  

(')P. A. A ron '' Removal of Pa233 from Neutron- 
I r r a d i a t e d  fhF4', " C h e m i s t r y  D i v i s i o n  Q u a r t e r l y  
P r o g r e s s  R e p o r t  for P e r i o d  E n d i n g  March  3 1 ,  
1951, ORNL-1053, p. 78 (Oct. 5 ,  1951). 

(')R. Kunin, The S y s t e m  TO2!2-HF-H20, Carbide 
and Carbon S.A.M. Laborator ie s ,  r e p o r t  A-3255 
(May 8 ,  1 9 4 i ) .  

A c o u n t i n g  t e c h n i q u e  f o r  s o l u t i o n s  
c o n t a i n i n g  P 3 ,  h a s  s p e e d e d  t h e  e s t i -  
m a t i o n  o f  t h e  o r g a n i c  p h o s p h a t e s  b e i n g  
s t u d i  e d. 

The s o l u b i l i t y o f  t r i b u t y l  p h o s p h a t e  
i s  l o w  i n  m o s t  o f  t h e  a q u e o u s  s o l u -  
t i o n s  t e s t e d ,  b u t  t h e  a p p a r e n t  s o l u -  
b i l i t y  may a p p e a r  h i g h e r  b e c a u s e  o f  
e m u l s i f i c a t i o n  by p r o c e s s e s  t h a t  a r e  
n o t  y e t  c o n t r o l l e d .  

T h e  r a t e  o f  h y d r o l y s i s  o f  TBP i s  
s l o w  a t  2 5 ° C  b u t  i s  much f a s t e r  a t  
75°C.  H y d r o c h l o r i c  a c i d  h y d r o l y z e d  
TBP f a s t e r  t h a n  d i d  n i t r i c  a c i d  a t  
75OC. 

Acid. T r i b u t y l  p h o s p h a t e ,  t h e  s o l v e n t  
u s e d  i n  t h e  P u r e x  p u r i f i c a t i o n  p r o c e s s ,  
i s  d i l u t e d  w i t h  k e r o s e n e  t o  e x t r a c t  
u r a n i u m  a n d  p l u t o n i u m .  D u r i n g  h y -  
d r o l y s i s  r a t e  s t u d i e s  a t  e l e v a t e d  t e m -  
p e r a t u r e s ,  i t  was  o b s e r v e d  t h a t  t h e  
k e r o s e n e  r e a c t e d  w i t h  n i t r i c  a c i d .  A 
t e s t  was made t o  d e t e r m i n e  t h e  e x t e n t  
o f  t h i s  r e a c t i o n .  

K e r o s e n e  ( 5 0 0  m l  o f  Amsco 1 2 3 - 1 5 )  
w a s  a l l o w e d  t o  r e a c t  w i t h  5 0 0  m l  o f  
6 . 1  M HNO, a t  r e f l u x  t e m p e r a t u r e  for 
6 h r .  The  a q u e o u s  p h a s e  was r emoved ,  
a n d  a f r e s h  p o r t i o n  o f  n i t r i c  a c i d  
was  a d d e d .  T h i s  was  r e p e a t e d  u n t i l  
1 0  p o r t i o n s  o f  6 . 1  M HNO, h a d  b e e n  
u s e d .  C o p i o u s  q u a n t i t i e s  o f  t h e  brown 
fumes o f  n i t r o g e n  d i o x i d e  were l i b e r -  
a t e d  d u r i n g  t h e  r e a c t i o n ,  a n d  b o t h  
p h a s e s  had a y e l l o w  c o l o r .  T i t r a t i o n  
o f  t h e  a q u e o u s  p h a s e s  r e v e a l e d  t h a t  a 
t o t a l  o f  1 3 . 3  moles  o f  n i t r i c  a c i d  had  
d i s a p p e a r e d  ( 4 3 %  o f  t h e  t o t a l  n i t r i c  
a c i d  employed) .  

T h e  a q u e o u s  p h a s e  on c o o l i n g  d e -  
p o s i t e d  a w h i t e  powder t h a t  we ighed  a 
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t o t a l  o f  2 8  g when combined  w i t h  t h e  
m a t e r i a l  t h a t  w a s  o b t a i n e d  by c o n -  
c e n t r a t i o n  o f  t h e  m o t h e r  l i q u o r s .  
T h i s  powder  i s  a m i x t u r e  o f  a r o m a t i c  
c a r b o x y l i c  a c i d s  w h i c h  r e s u l t  f r o m  
t h e  o x i d a t i o n  o f  t h e  m e t h y l  g r o u p s  
t h a t  a r e  a t t a c h e d  t o  a r o m a t i c  r i n g s .  

From t h e  w h i t e  powder i t  was p o s s i b l e  
t o  p i c k  o u t  by hand s e v e r a l  l a r g e  s u g a r -  
l i k e  c r y s t a l s  ( 0 . 1  g ) .  A f t e r  c r y s -  
t a l l i z a t i o n  from w a t e r ,  t h e s e  c r y s t a l s  
w e r e  i d e n t i f i e d  a s  o x a l i c  a c i d .  

The k e r o s e n e  f r a c t i o n  t h a t  r e m a i n e d  
a f t e r  t r e a t m e n t  w i t h  9 p o r t i o n s  o f  
6 . 1  M HNO, c o n t a i n e d  6 5  mg o f  n i t r o g e n  
p e r  m i l l i l i t e r .  T h i s  c o r r e s p o n d s  t o  
4 . 6  m o l e s  o f  n i t r o g e n  p e r  l i t e r ,  or 
n e a r l y  1 mole o f  n i t r o g e n  ( a s  n i t r a t e )  
p e r  mole o f  r e a c t e d  k e r o s e n e  ( a v e r a g e  
m o l e c u l a r  w e i g h t  assumed t o  be 2 0 0 ) .  

The r a t e  o f  r e a c t i o n  seemed  t o  be 
a s  g r e a t a t  t h e  end o f  t h e s e  t r e a t m e n t s  
a s  a t  t h e  b e g i n n i n g .  S e v e r a l  p r e -  
c a u t i o n s  m i g h t  be t a k e n  i n  t h e  u s e  o f  
k e  r o s e  n e -d i 1 u t e d TBP : 

1. O p e r a t e  a t  t e m p e r a t u r e s  n e a r  
25°C. 

2. Use p u r i f i e d  k e r o s e n e s  f r o m  
w h i c h  m o s t  a r o m a t i c  c o m p o u n d s  
have  been removed. 

3 .  Make c e r t a i n  t h a t  t h e  p r o d u c t s  
fo rmed  i n  t h e  r e a c t i o n  b e t w e e n  
n i t r i c  a c i d  and k e r o s e n e  d o  n o t  
i n t e r f e r e  i n  t h e  p r o p o s e d  
p r  oc es s . 

Counting Techniques f o r  Use with 
TBP32 and Its Decomposition Products. 
P r e v i o u s  e n c o u r a g i n g  r e s u l t s  w i t h  t h e  
c o u n t i n g  o f  P~~ i n  s o l u t i o n  u s i n g  
t h  i n - w a l  l e d  g l a s s  G e i g e r  - M u e l l e r  

t u b e s ( 3 )  h a v e  b e e n  c o n f i r m e d ,  a n d  a 
r o u t i n e  method o f  e s t i m a t i o n  h a s  b e e n  
a d o p t e d ,  T r i - n - b u t y l  p h o s p h a t e  c o n -  
t a i n i n g  r a d i o a c t i v e  P32(4) a n d  i t s  
d e c o m p o s i t i o n  p r o d u c t s  d i s s o l v e d  i n  
1 5  m l  o f  s o l u t i o n  w e r e  p l a c e d  i n  a 
25-1111 g r a d u a t e d  c y l i n d e r  ( 1 9  mm i . d . ,  
1 1 0  m m  h i g h ) ,  I n t o  t h i s  s o l u t i o n  was 
d i p p e d  a t h i n - w a l l e d  g l a s s  G e i g e r -  
M u e l l e r  t u b e  ( R . C . L . ,  Mark  1, m o d e l  
8 0 ;  l e n g t h  o f  a c t i v e  s e c t i o n  7 5  m m ,  
d i a m e t e r  1 4  mm) s o  t h a t  t h e  s i l v e r e d  
s e c t i o n  o f  t h e  t u b e  was c o v e r e d  by t h e  
s o l u t i o n .  T h e  c o u n t i n g  e f f i c i e n c y  
w a s  a b o u t  8% o f  t h e  d i s i n t e g r a t i o n  
r a t e .  The o b s e r v e d  c o u n t i n g  r a t e  was 
c o r r e c t e d  f o r  t h e  d e n s i t y  o f  t h e  s o l u -  
t i o n .  T h e  b a c k g r o u n d  c o u n t  o f  t h e  
t u b e  a n d  c y l i n d e r  r e m a i n e d  c o n s t a n t  
when t h e  g l a s s  s u r f a c e s  were r i n s e d  
w i t h  d i s t i l l e d  w a t e r  and a c e t o n e .  

Solubility Tests. The l o s s  o f  TBP 
i n  p r o c e s s  s t r e a m s  i s  o f  p r a c t i c a l  
i m p o r t a n c e  i n  p l a n t  o p e r a t i o n  from t h e  
s t a n d p o i n t  o f  s o l v e n t  l o s s  a n d  c o n -  
t a m i n a t i o n  o f  p r o d u c t s .  T e s t s  on t h e  
s o l u b i l i t y  o f  TBP h a v e  s h o w n  t h a t  
e m u l s i f i c a t i o n  a n d  d i s p e r s i o n  make  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  o b s e r v e d  
amount o f  TBP i n  t h e  a q u e o u s  p h a s e .  

T h e  o b s e r v e d  s o l u b i l i t y  o f  TBP 
(100%) was t h e  same i n  0 . 1  M NaOH a n d  
H,O ( 0 . 0 0 1 5  m o l e / l i t e r ) .  I n  4 M HNO, 
t h e  s o l u b i l i t y  w a s  a b o u t  h a l f  t h i s  
v a l u e  ( 0 . 0 0 0 8 3  m o l e / l i t e r )  a n d  i n  
2 . 3  M u r a n y l  n i t r a t e  s o l u t i o n  i t  was 
s t i l l  l e s s  ( < 0 . 0 0 0 0 5  r n o l e / l i t e r )  
( s e e  T a b l e  4 . 1 ) .  

Distribution of TBP between Water 
and Organic Solvents as a Function of 
Concentration. T h e  c o n c e n t r a t i o n  of 

( 3 ) W .  H. B a l d w i n  ayd  C. E. Higgins,  I' O r g a n i c  
Chemis try  of So lvents ,  ORNL-1053, op. cit., p. 8 3 .  

(4)W. H.  Baldwin and C. E. H i  ins ,  The Pre ara- 
tion of T r i - n - b u t y l  Phosphate-Pgf, OWL-887 (Feb. 
5 ,  1951). 
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TABLE 4.1 TABLE 4.2 

Solubility of Tributyl P h 0 ~ p h a t e - P ~ ~  Distribution of Tributyl P h 0 ~ p h a t e - P ~ ~  
between Solvents and Water at 25OC at 25'C 

S O L U T I O N  

0 . 1  M NaOH 

H2O 

4 M HNO, 

2 . 3  M u r a n y l  n i t r a t e  

S O L U B I  C I T Y  
( m o l e s / l i t e r  1 

0.0015 TBP3 

0 .0015,  0 .0015*  
(moles /  1 i t  er  ) 

0.00083 
I n  Amsco 123-15 

0 . 0 1  
<0.00005 0 . 1  

0 . 3 1  
0 .47  
0 .64  
0 . 9 4  

* H a n f o r d  E n g i n e e r  W o r k s ,  p r i v a t e  com-  
m u n i c a t i o n .  

t r i b u t y l  p h o s p h a t e  i n  w a t e r  t h a t  h a s  
b e e n  e q u i l i b r a t e d  w i t h  o r g a n i c  s o l u -  
t i o n s  v a r i e s  d i r e c t l y  w i t h  t h e  c o n -  
c e n t r a t i o n  o f  t h e  TBP i n  t h e  o r g a n i c  
p h a s e .  C o n c e n t r a t i o n s  w e r e  h i g h e r  
i n  t h o s e  a q u e o u s  p h a s e s  t h a t  had b e e n  
c o n t a c t e d  w i t h  k e r o s e n e  s o l u t i o n s  t h a n  
i n  t h o s e t h a t  h a d b e e n  e q u i l i b r a t e d  w i t h  
c a r b o n  t e t r a c h l o r i d e  s o l u t i o n s .  

1 .25  
1 . 8 8  
2 . 9 1  
3 .76  

I n  CC1, 

0 . 0 0 1  
0 . 0 1  

0 . 1  
0 . 4 8  
0 . 9 6  
1.96 
3.76 

T h e  d a t a  p r e s e n t e d  i n  T a b l e  4 . 2  
r e p r e s e n t  t h e  m o s t  r e l i a b l e  t h a t  a r e  
a v a i l a b l e ;  t h e y  i l l u s t r a t e  t h e  d i f -  
f i c u l t y  of  g e t t i n g  s a m p l e s  t h a t  t r u l y  

TBP32 I N  WATER ( m o l e s / l i t e r )  

C 
PREP. I 

0 .000034 
0 .00029 

0.00060 

0 .00083  

0 .00154 

0.00019 
0.00026 

0 .00  154 

r e p r e s e n t  t h e  s o l u b i l i t y  o f  TBP i n  * P r i v a t e  communica t ion .  
w a t e r .  T h e  a m o u n t  o f  TBP f o u n d  i n  
w a t e r  e q u i l i b r a t e d  w i t h  TBP i n  Amsco 
s o l v e n t  w a s  f o u n d  t o  b e  h i g h e r  b y  
w o r k e r s  a t  H a n f o r d  t h a n  t h o s e  f o u n d  
h e r e  ( s e e  T a b l e  4 . 2 ) .  

Rate of Hydrolysis of TBP by Nitric 
Acid. T r i b u t y l  p h o s p h a t e  h a s  b e e n  
f a v o r e d  a s  a n  e x t r a c t i o n  s o l v e n t  
b e c a u s e  o f  i t s  s t a b i l i t y  t o w a r d  n i t r i c  
a c i d .  E m p i r i c a l  t e s t s  i n  s e m i - w o r k s  
and p i l o t  p l a n t - s c a l e  e q u i p m e n t  h a v e  
i n d i c a t e d n o  i l l  e f f e c t s  on t h e  p r o c e s s  
f r o m  r e p e a t e d  u s e  o f  s o l v e n t .  An 

% PREP. 2 HANFORD' 

0 .00090 

0 .0  0 10 5 
0 . 0  0 109 
0 .00124 
0 .00147 

3 . 3  l o - '  
3 . 5  x 10-6, 

2 . 6  x 
0.000035 
0 .00019 
0.00049 
0 .00094 
0 . 0 0  177 

e f f o r t  h a s  been  made t o  s u p p l y  q u a n t i -  
t a t i v e  d a t a  on t h e  h y d r o l y s i s  r a t e .  

E q u a l  v o l u m e s  o f  T B P 3 2  a n d  8 M 
HNO, h a v e  b e e n  e q u i l i b r a t e d  a t  25°C 
f o r  2 9  d a y s .  T h e  c o n c e n t r a t i o n  o f  
n i t r i c  a c i d  was c h o s e n  a t  8 M t o  g i v e  
a b o u t  5 M HNO, i n  t h e  a q u e o u s  p h a s e  
a t  e q u i l i b r i u m .  I n  t h i s  t i m e  0 . 2 8 %  
o f  t h e  TBP h a s  b e e n  h y d r o 1 y z e . d .  I t  
i s  p l a n n e d  t o  c o n t i n u e  t h i s  e x p e r i -  
m e n t  by  a l l o w i n g  t h e  h y d r o l y s i s  t o  
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p r o c e e d  a n d  o b t a i n  d a t a  o v e r  l o n g e r  ELECTROCHEMICAL ION-EXCHANGE 
p e r i o d s  o f  t ime .  SEPARATION 

P r e l i m i n a r y  m e a s u r e m e n t s  on t h e  
r a t e  o f  h y d r o l y s i s  o f  TBP ( 0 . 0 0 0 4  M )  
b y  5 W HNO, ( h o m o g e n e o u s  p h a s e )  a t  
7 5 ° C  i n d i c a t e  t h e  h a l f - t i m e  o f  t h e  
r e a c t i o n  t o  b e  o f  t h e  o r d e r  o f  50  h r .  
I t  c a n  b e  c a l c u l a t e d  f r o m  t h i s  t h a t  
t h e  f r a c t i o n  d e c o m p o s e d  p e r  d a y  i s  
0 . 3 3 ,  w h i c h  a g r e e s  w i t h  t h e  e s t i m a t e  
c a l c u l a t e d  from t h e  f o r m u l a  o f  S l a n s k y ? )  

H y d r o l y s i s  w i t h  5 M H C 1  was more  
r a p i d  ( b y  a f a c t o r  o f  4 o r  5 )  t h a n  
w i t h  5 M HNO, a t  75°C. 

J .  H. G r o s s  

D u r i n g  t h i s  q u a r t e r  e q u i p m e n t  was 
a s s e m b l e d  f o r  m o r e  r e f i n e d  d e t e r -  
m i n a t i o n s  o f  t h e  s e p a r a t i o n  f a c t o r  
i n  t h e  e l e c t r o m i g r a t i o n  o f  m i x t u r e s  o f  
Na' and L i '  ( a s  t h e  c h l o r i d e s )  t h r o u g h  
a bed  o f  Dowex-50 r e s i n .  P r e l i m i n a r y  
d a t a  w e r e  o b t a i n e d  o n  v a r i a t i o n  o f  
b e d  r e s i s t a n c e  w i t h  c u r r e n t  d e n s i t y  
and  on v a r i a t i o n  i n  bed s o l u t i o n  c o n -  
c e n t r a t i o n  d u r i n g  s t a r t - u p .  

Work on t h i s  s e p a r a t i o n  me thod  h a s  
("Hanford  E n g i n e e r  Works, Hanford  C h e m i c a l  been  s u s p e n d e d  i n  f a v o r  o f  more u r g e n t  

R e s e a r c h  S e c t i o n  Q u a r t e r l y  R e p o r t  f o r  P e r i o d  p r o b l e m s .  l-he electromigration work 
J a n u a r y  t h r o u g h  March 1 9 5 2 ,  HW-20863 ( A p r .  16, 
1951). may be  c o n t i n u e d  by a n o t h e r  g r o u p .  

60 



FOR PERIOD ENDING JUNE 30, 1951 

5 .  CHEMICAL PHYSICS 

CHEMISTRY OF S O L I D  STATE 

High-Temperature X-Ray D i f f r a c t i o n  
( M .  A .  B r e d i g ) .  The c o n s t r u c t i o n  o f  
t h e  vacuum c h a m b e r  f o r  t h e  h i g h - t e m -  
p e r a t u r e  X - r a y - d i f f r a c t i o n  s p e c -  
t r o m e t e r ,  b r i e f l y  d e s c r i b e d  i n  t h e  
p r e c e d i n g  q u a r t e r l y  r e p o r t , ( ' )  h a s  
b e e n  c o m p l e t e d ,  a n d  a few r u n s  h a v e  
b e e n  made a t  e l e v a t e d  t e m p e r a t u r e s .  
D u r i n g  h e a t i n g  p e r i o d s  a p p r o x i m a t i n g  
30 m i n ,  s e c t i o n s  o f  t h e  d i f f r a c t i o n  
p a t t e r n  u p  t o  a B r a g g  a n g l e  o f  60"  
were r e c o r d e d .  On t h e  b a s i s  o f  t h e s e  
f i r s t  t e s t s  a number o f  i m p r o v e m e n t s ,  
p a r t i c u l a r l y  i n  t h e  d e s i g n  o f  t h e  
g r a p h i t e  h e a t i n g  e l e m e n t  a n d  o f  t h e  
h e a t  s h i e l d ,  a r e  b e i n g  made. Whereas  
w i t h  t h e  p r e s e n t  a r r a n g e m e n t  a maximum 
t e m p e r a t u r e  o f  1540°C was r e a c h e d  w i t h  
a power i n p u t  o f  a p p r o x i m a t e l y  4 .5  kva 
( o r  a p p r o x i m a t e l y  3 k w ) ,  p r e l i m i n a r y  
t e s t s  i n d i c a t e  t h a t  i t w i l l  be p o s s i b l e  
w i t h  t h e  new d e s i g n  t o  r e a c h  t e m p e r a -  
t u r e s  w e l l  i n  e x c e s s  o f  2O0O0C, w i t h  
a h i g h e r  power i n p u t .  

The p r e s e n t  e x p e r i m e n t s  were c a r r i e d  
o u t  w i t h  h a f n i u m  d i o x i d e  and z i r c o n i u m  
d i o x i d e ,  i . e . ,  h i g h l y  r e f r a c t o r y  com- 
p o u n d s  o f  i n t e r e s t  b e c a u s e  o f  e x -  
c e p t i o n a l l y  h i g h ,  a n d  l o w ,  n e u t r o n -  
a b s o r p t i o n  c r o s s -  s e c t i o n s ,  r e s p e c -  
t i v e l y .  S i g n i f i c a n t l y ,  t h e  c u b i c ,  
f l u o r i t e  t y p e ,  p h a s e ,  w i t h  a l a t t i c e  
p a r a m e t e r  o f  5 . 1  A ,  w h i c h  h a s  b e e n  
a s s i g n e d  by  v a r i o u s  a u t h o r s ( 2 )  t o  
s o l i d  s o l u t i o n s  o f  z i r c o n i u m  d i o x i d e  

w i t h  o t h e r  o x i d e s  r a t h e r  t h a n  t o  t h e  
p u r e  Zr02,(3) a p p e a r e d  p r o m i n e n t l y  
b e s i d e  t h e  t e t r a g o n a l  p h a s e  i n  t h e  
p a t t e r n  t a k e n  a t  1 5 4 0 ° C  w h e r e a s  a t  
1 3 4 0 ° C  o n l y  t h e  t e t r a g o n a l  p h a s e ( 3 )  
was o b t a i n e d .  S p e c t r o g r a p h i c  a n a l y s i s  
l i m i t e d  t h e  a m o u n t s  o f  i m p u r i t i e s  
s u c h  a s  M g O ,  w h i c h  a r e  k n o w n  t o  
s t a b i l i z e  t h e  c u b i c  p h a s e ,  t o  t r a c e s ,  
w i t h  t h e  e x c e p t i o n  o f  h a f n i u m  o x i d e  
( 2 . 8 % )  a n d  c a l c i u m  o x i d e  ( 0 . 1 % ) .  I n  
b o t h  z i r c o n i u m  a n d  h a f n i u m  o x i d e  t h e  
c u b i c  a n d  t e t r a g o n a l  p h a s e s  a f t e r  
c o o l i n g  t o  r o o m  t e m p e r a t u r e  w e r e  
f o u n d  o n l y  p a r t i a l l y  r e c o n v e r t e d  t o  
t h e  m o n o c l i n i c ,  l o w - t e m p e r a t u r e  fo rm.  
T h e s e  r e s u l t s  s o m e w h a t  f a v o r  t h e  
v i e w s  o f  G o l d ~ c h m i d t ( ~ )  on t h e  n a t u r e  
o f  t h e  c u b i c  p h a s e  a s a  c r y s t a l  m o d i f i -  
c a t i o n  o f  p u r e  Zr02 ( a n d  HfO,).  

R e m o t e l y  C o n t r o l l e d  X - R a y - D i f -  
f r a c t i o n  S p e c t r o m e t e r  ( M .  A .  B r e d i g ;  
B .  S .  B o r i e ,  M e t a l l u r g y  D i v i s i o n ;  
G .  K l e i n ,  P h y s i c s  of  S o l i d s  I n s t i t u t e ;  
and F. A .  S h e r r i l l ,  P h y s i c s  o f  S o l i d s  
I n s t i t u t e ) .  The work i n  t h e  r e s e a r c h  
a n d  i n s t r u m e n t  s h o p s  on t h e  c o n s t r u c -  
t i o n  o f  t h e  i n s t r u m e n t  m e n t i o n e d  i n  
p r e v i o u s  r e p o r t s ( l S 4 )  i s  n e a r i n g  
c o m p l e t i o n .  The  H i l g e r  X - r a y  g e n e r -  
a t i n g  e q u i p m e n t  h a s  b e e n  s e t  up  i n  
t h e  v i c i n i t y  o f  t h e  c o n c r e t e  c e l l  
w h i c h  w i l l  h o u s e  t h e  s p e c t r o m e t e r .  

E f f e c t s  o f  R a d i a t i o n  o n  C r y s -  
t a l  S t r u c t u r e .  L e a d  O x i d e  (M. A .  

("M. A;, Bredig,  '' S o l i d s  and High-Tern e r a t u r e  
Chemistry, Chemistry Division Quarterly jrogress 
Report f o r  Period Ending March 31, 1951, OWL- 1053, 
p. 114 (Oct. 5 ,  1951). 

( 2 ) E . g . ,  P .  Duwez and F. O d e l l ,  " Pha,se Rela-  
t i o n s h i  s i n  t h e  System Z i r c o n i a - C e r i a ,  J. Am. 
Ceram. Ioc. 33, 274 (1950). 

(3)V. M. Goldschmidt, Geochemische Verteilun s- 
gesetze, 1926; s e e  Strukturbericht I ,  208 ( 1 9 3 b .  

( 4 ) M .  A. Bredig  and B. S. B o r i e ,  Jr., " X-Ray 
D i f f r a c t i o n  Spect:prneter f o r  High-Level  Radio-  
a c t i v e  Spec imens ,  Physics D i v i s i o n  Quarterly 
Progress Report f o r  Period Ending June 15, 1950, 
OWL-782, p. 88 (Oct. 4, 1950). 
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B r e d i g ( 5 * 6 ) ) .  T h e  f i r s t  g r o u p  o f  
s p e c i m e n s  w h i c h  w a s  i r r a d i a t e d  f o r  
1 7 , 7 1 9  m e g a w a t t - h r  ( a p p r o x i m a t e l y  
3 x 1 0 1 9  f a s t  n e u t r o n s  p e r  s q u a r e  
c e n t i m e t e r )  i n  a n  a i r  c u r r e n t  a s  
c o o l a n t  i n s i d e  t h e  w a t e r - c o o l e d  
u ran ium c y l i n d e r  o f  t h e  f a s t - n e u t r o n  
f a c i l i t y  a t  C h a l k  R i v e r  was  r e t u r n e d  
t o  X - 1 0  i n  A p r i l .  I t  c o n s i s t e d  o f  
o n e  s p e c i m e n  e a c h  o f  t h e  r e d  a n d  
y e l l o w  c r y s t a l  m o d i f i c a t i o n s  o f  PbO. 
The  o r i g i n a l l y  b r i g h t  r e d  s a m p l e  was ,  
a f t e r  i r r a d i a t i o n ,  d a r k  b r o w n  i n  
c o l o r ,  w h e r e a s  t h e  y e l l o w  s p e c i m e n  
h a d  c h a n g e d  o n l y  s l i g h t l y  t o w a r d  a 
g r a y i s h  y e l l o w .  The  X - r a y - d i f f r a c k i o n  
p a t t e r n s ,  o n  t h e  o t h e r  h a n d ,  s h o w e d  
t h a t  n o  t r a c e  o f  t h e  y e l l o w ,  o r t h o -  
rhombic, m o d i f i c a t i o n  w a s  p r e s e n t  i n  
t h e  r e d - b r o w n  s p e c i m e n ,  b u t  t h a t  a 
c o n s i d e r a b l e  q u a n t i t y ,  a p p r o x i m a t e l y  
2 5 % ,  o f  t h e  r e d  m o d i f i c a t i o n  h a d  
fo rmed  i n  t h e  o r i g i n a l l y  p u r e  y e l l o w  
s p e c i m e n  ( F i g .  5 . 1 ) .  A t r a c e  o f  
m i n i u m ,  P b , O , ,  w a s  a l s o  f o r m e d  i n  
b o t h  s p e c i m e n s ,  e i t h e r  b y  o x i d a t i o n  
by  t h e  s m a l l  amount o f  a i r  l e f t  i n  t h e  
q u a r t z  c a p s u l e  o n  s e a l i n g ,  o r  b y  
d i s p r o p o r t i o n a t i o n  o f  t h e  PbO i n t o  
m e t a l l i c  l e a d  and t h e  h i g h e r  o x i d e .  

P e n d i n g  a n  e x a m i n a t i o n  o f  t h e  
s e c o n d  g r o u p  o f  s p e c i m e n s ,  wh ich  a r e  
r e c e i v i n g  a f o u r  t i m e s  l a r g e r  d o s a g e  
o f  p i l e  r a d i a t i o n ,  t h e  f o l l o w i n g  
c o n c l u s i o n s  may b e  d r a w n  f r o m  t h e  
p r e s e n t  r e s u l t :  

1. S o - c a l l e d  " t h e r m a l  s p i k e s , "  
i . e . ,  l a t t i c e  v i b r a t i o n s  d u e  t o  
c o l l i s i o n s  o f  f a s t  n e u t r o n s  and 
r e c o i l  a t o m s  w i t h  l a t t i c e  a t o m s  

("M. A. Bredig, " Phase Transition on Neutron 
Bombardment," Physics Division Quarterly Progress 
R e p o r t  f o r  P e r i o d  E n d i n  S e p t e m b e r  20, 1950, 
ORNL-865, p. 77 (Jan. 8, 1851). 

16)M. A. Bredig,  ORNL-1053, op. cit., p. 118. 

s u f f i c i e n t  t o  r a i s e  a b o v e  t h e  
i n v e r s i o n  t e m p e r a t u r e  o f  488°C 
t h e  t e m p e r a t u r e  o f  a s u f f i c i e n t l y  
l a r g e  v o l u m e  e l e m e n t  o f  t h e  
c r y s t a l  f o r  a s u f f i c i e n t l y  l o n g  
t i m e  t o  p r o d u c e  t h e  c o n v e r s i o n  
r e d  - y e l l o w ,  w h i c h  o c c u r s  o n  
o r d i n a r y  h e a t i n g ,  d i d  n o t  o c c u r  
u n d e r  t h e  c o n d i t i o n s  o f  t h e  e x -  
p e r i m e n t .  The  p o s s i b l e  o b j e c t i o n  
t h a t  a s i m i l a r  m e c h a n i s m  m i g h t  
a l s o  c a u s e  a n n e a l i n g  a n d  r e -  
c o n v e r s i o n  o f  t h e  y e l l o w  f o r m  
p r o d u c e d  i n  s u c h  a way i n t o  t h e  
r e d  l o w - t e m p e r a t u r e  m o d i f i c a -  
t i o n ,  t h u s  c o n c e a l i n g  t h e  o c -  
c u r e n c e  o f  t h e  o r i g i n a l  p r o c e s s ,  
d o e s  n o t  a p p e a r  v e r y  p l a u s i b l e ,  
b e c a u s e  v e r y  l o n g  t i m e  p e r i o d s  
o f  a n n e a l i n g  were  f o u n d  t o  b e  
n e c e s s a r y  f o r  t h e  p u r e l y  t h e r m a l  
i n v e r s i o n  y e l l o w  + r e d  b e l o w  t h e  
e n a n t i o t r o p i c  t r a n s i t i o n  t em-  
p e r a t u r e  o f  488°C.  H o w e v e r ,  a 
s t u d y o f  t h i s  p a r t i c u l a r  q u e s t i o n  
w i t h  v a r i a t i o n  o f  t h e  f a s t -  
n e u t r o n  f l u x  ( n v )  r a t h e r  t h a n  
d o s a g e  ( n v t )  seems i n d i c a t e d .  

The  p a r t i a l  c o n v e r s i o n  o f  t h e  
m e t a s t a b l e  y e l l o w  f o r m  i n t o  t h e  
s t a b l e  r e d  f o r m ,  a s  o b s e r v e d ,  
may a t  t h i s  s t a g e  o f  t h e  i n -  
v e s t i g a t i o n  b e  a t t r i b u t e d  t o  
two d i f f e r e n t  c a u s e s :  ( 1 )  i t  
may be  t h e  r e s u l t  o f  c o l l i s i o n s  
o f  f a s t  n e u t r o n s  w i t h  t h e  a t o m s  
o f  t h e  l a t t i c e  w i t h  s u b s e q u e n t  
d i s p l a c e m e n t  a n d  r e a r r a n g e  men t 
i n  t h e  m o s t  s t a b l e  s t r u c t u r e ;  
and  ( 2 )  i t  m a y  b e  c a u s e d  b y  
i o n i z a t i o n  b y  e i t h e r  r e c o i l  
a t o m s  ( e . g . ,  o x y g e n )  o r  b y  b e t a  
and gamma r a d i a t i o n .  The e f f e c t  
o f  gamma r a y s  on  r e d  and  y e l l o w  
l e a d  o x i d e  i s  a t  p r e s e n t  b e i n g  
t e s t e d  i n  t h e  c o b a l t  g a m m a - r a y  
s o u r c e  a t  X - 1 0 .  O t h e r  e x p e r i -  
m e n t s  w i l l  i n c l u d e  X - r a y  a n d  
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Fig. 5 . 1  - Powder X-Ray Diffraction Patterns (Cu Ka). ( a )  Lead oxide  (PbO), 
r e d ,  t e t r a g o n a l ;  ( b )  l e a d  o x i d e  (PbO), y e l l o w ,  or thorhombic ;  b e f o r e  i r r a d i a -  
t i o n ;  ( c )  l e a d  o x i d e  ( P b O ) ,  y e l l o w ;  i r r a d i a t e d  a t  Chalk R i v e r ,  n v t  = 3 X 10'' 
f a s t  neutrons/cm*.  Note red form, R .  
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u l t r a v i o l e t  i r r a d i a t i o n s .  A 
somewhat  p r e l i m i n a r y  s e a r c h  o f  
t h e  l i t e r a t u r e  makes  i t  a p p e a r  
t h a t  y e l l o w  l e a d  o x i d e  i s  t h e  
o n l y  s u b s t a n c e ,  b e s i d e s  y e l l o w  
p h o s p h o r u s , ( 7 )  t h u s  f a r  f o u n d  
t o  u n d e r g o  a c h a n g e  o f  c r y s t a l  
form u n d e r  i r r a d i a t i ~ n . ' ~ )  
M i c r o s c o p i c  o b s e r v a t i o n ,  r a t h e r  
Than X - r a y  d i f f r a c t i o n ,  w a s  
e m p l o y e d  i n  t h e  p r e v i o u s  i n -  
v e s t i g a t i o n ,  a n d  t h e  r e m a r k  
f o u n d  t h e r e  t h a t  t h e  r e d  f o r m  
c h a n g e d  t o  o r a n g e  a n d  y e l l o w  
on e x p o s u r e  t o  b e t a  a n d  gamma 
r a y s  r e m a i n s  u n e x p l a i n e d ,  p a r -  
t i c u l a r l y  i n  v i ew o f  t h e  f a i l u r e  
o f  t h e  r e d  f o r m  t o  c h a n g e  i t s  
s t r u c t u r e  i n  t h e  r e c e n t  p i l e  
i r r a d i a t i o n  e x p e r i m e n t .  A n o t h e r  
c a s e ,  t h a t  o f  h e x a g o n a l  z i n c  
s u l f i d e  a l l e g e d l y  c o n v e r t e d  i n  
an e n v i r o n m e n t  o f  w a t e r  i n t o  
t h e  c u b i c  p h a s e  b y  u l t r a v i o l e t  
r a d i a t i o n , ( g )  h a s  i n  common 
w i t h  t h e  e a r l i e r  l e a d  o x i d e  
s t u d y  t h e  f a c t  t h a t  n o  X - r a y -  
d i f f r a c t i o n  e v i d e n c e  w a s  o b -  
t a i n e d .  I t  i s  d i f f i c u l t  t o  s e e  
on w h a t  e v i d e n c e ,  t h e n ,  t h e  
s t a t e m e n t  r e g a r d i n g  s u c h  a 
c o n v e r s i o n  was a c t u a l l y  b a s e d .  
T h u s ,  t h e  e f f e c t s  o f  i o n i z i n g  
r a d i a t i o n  ( a s a g a i n s t  c o l l i s i o n s )  
c a n n o t  b e  c o n s i d e r e d  p r o v e n  i n  
e i t h e r  PbO o r  Z n S .  T h e  c o n -  
v e r s i o n  b y  s u c h  r a d i a t i o n  o f  
y e l l o w  p h o s p h o r u s  i s  p r o b a b l y  
t h a t  o f  a m o l e c u l a r  t y p e  c r y s -  
t a l  from one d e g r e e  o f  p o l y m e r i -  
z a t i o n ,  P, ,  t o  a n o t h e r  o n e ,  P,. 

("H. Becquerel ,  I' Sur quelques e f f e t s  Ybimiques 
p r o d u i t s  p a r  l e  rayonnement  du rad ium,  
rend.-133, 709 (1901). 

Compt. 

( 8 ) J .  Hoffmann,  '' P d e r u n g e n  d e r  B l e i o x y d e  
d u r c h  L i c h t  und Druck,  Z. anorg.  a l lgem. Chem. 
228. 160 (1936). 

A s  s u c h ,  i t  i s  s o m e w h a t  e a s i e r  
t o  u n d e r s t a n d  t h r o u g h  t h e  a b -  
s o r p t i o n  o f  o n e  e n e r g y  q u a n t u m  
p e r  m o l e c u l e ,  d i s s o c i a t i o n ,  and 
r e c o m b i n a t i o n  t h a n  i s  a p h a s e  
c h a n g e  i n  a l a r g e l y  i o n i c  c r y s -  
t a l  s u c h  a s  PbO o r  ZnS.  T h i s  
c o n s i d e r a t i o n  t e n d s  t o  e m p h a s i z e  
t h e  s i g n i f i c a n c e  o f  t h e  p h a s e  
c h a n g e  o b s e r v e d  i n  t h e  p i l e  
i r r a d i a t i o n  o f  l e a d  o x i d e  a n d  
o f  t h e  e l u c i d a t i o n  o f  i t s  mech- 
a n i s m ,  w h i c h  i s  now b e i n g  a t -  
t e m p t e d .  

O r g a n i c  A c i d  S a l t s  a n d  M i s c e l -  
l a n e o u s  Compounds (M. A. B r e d i g ,  D. S .  
J e s s e m a n ) .  An i r r a d i a t i o n  f o r  t h r e e  
w e e k s  i n  t h e  X - 1 0  r e a c t o r  o f  s o d i u m  
b i t a r t r a t e  had l e d  t o  t h e  d e s t r u c t i o n  
o f  t h e  c r y s t a l  l a t t i c e ,  p r o b a b l y  w i t h  
s i m u l t a n e o u s  p a r t i a l  c h e m i c a l  d e -  
c o m p o s i t i o n . ( " )  T h e  i r r a d i a t i o n  i s  
b e i n g  r e p e a t e d  i n  t h e  X - 1 0  c o b a l t  
g a m m a - r a y  s o u r c e .  I n c l u d e d  i n  t h e  
s a m p l e s  t h u s  b e i n g  e x p o s e d  i s  s o d i u m  
b i o x a l a t e  h y d r a t e ,  NaHC,04 'H,O. T h e  
a n h y d r o u s  n e u t r a l  s a l t ,  Na ,C ,04 ,  had  
shown n o  e f f e c t  o f  f a s t - n e u t r o n  i r -  
r a d i a t i o n  a t  X - 1 0 , ( ' * )  w h e r e a s  i t  had  
b e e n  r e p o r t e d  p r e v i o u s l y  by  W. B o t h e ,  
H e i d e l b e r g ,  t o  u n d e r g o  a r e v e r s i b l e  
c h a n g e  t o  t h e  a m o r p h o u s  s t a t e  o n  
b o m b a r d m e n t  w i t h  a l p h a  p a r t i c l e s .  
S t i l l  a n o t h e r  s p e c i m e n ,  a r s e n i c  
t r i o x i d e  ( A s , O , ) ,  was i n c l u d e d  o n  t h e  
s u g g e s t i o n  o f  K .  L a r k - H o r o w i t z  who 
r e p o r t e d  t h e  o b s e r v a t i o n  b y  B o t h e  
o f  i t s  r e v e r s i b l e  c o n v e r s i o n  t o  a n  
a m o r p h o u s  s t a t e  w i t h  a l p h a  p a r -  
t i c l e . ' " )  An e x p o s u r e  o f  s i x  mon ths  
h a s  b e e n  s c h e d u l e d .  I r r a d i a t i o n  
e x p e r i m e n t s  w i t h  X r a y s  a r e  a l s o  b e i n g  
c o n s i d e r e d .  

'("H. . P l a t z  a n d  P. W .  S c h e n k ,  " U b e r  d i e  
angew, 

('')M. A. Bredig,  ORNL-1053, op. c i t . ,  p. 119. 
("'K. Lark-Horovi tz ,  l e t t e r  t o  M. A. B r e d i g ,  Verfkrbung d e s  Z i n k s u l f i d s  i m  L i c h t , "  Z. 

Chem. 49, 822 (1936). J u n e  6 ,  1951. 
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H i g h - T e m p e r a t u r e  C h e m i s t r y  (M. A. 
B r e d i g ,  J .  W .  J o h n s o n ,  a n d  D .  S. 
J e s s e m a n ) .  Work i n  t h e  f i e l d  o f  h i g h -  
t e m p e r a t u r e  c h e m i s t r y  i s  a t  p r e s e n t  
c o n c e r n e d  w i t h  t h e s e  two  f i r s t  o b -  
j e c t i v e s :  ( 1 )  a n  e x p e r i m e n t a l  s t u d y  
o f  s a l t  t y p e  m e l t s  a n d  s o l i d s  c o n -  
t a i n i n g  e x c e s s  m e t a l  i n  l i q u i d  a n d / o r  
s o l i d  s o l u t i o n ,  and ( 2 )  a c o m p u t a t i o n  
o f  thermodynamic p r o p e r t i e s  o f  s y s t e m s  
o f  i n t e r e s t  i n  c o n n e c t i o n  w i t h  t h e  
p o s s i b l e  u s e  o f  m o l t e n  sod ium h y d r o x i d e  
a s  a m o d e r a t o r ,  c o o l a n t ,  o r  f u e l  
c a r r i e r  i n  n u c l e a r  r e a c t o r s .  

F u s e d  S a l t ,  E x c e s s  M e t a l  Systems. 
I t  was p r o p o s e d  some t ime a g o ( 1 2 )  t h a t  
m e l t s  c o n t a i n i n g  e x c e s s  m e t a l  e i t h e r  
a s  i o n s  i n  u n u s u a l  low v a l e n c e  s t a t e s ,  
or a s  m e t a l  i n  l i q u i d  s o l u t i o n ,  m i g h t  
e x h i b i t  a d v a n t a g e s  w i t h  r e s p e c t  t o  
c o r r o s i v e  a t t a c k .  Among f l u o r i d e  
s y s t e m s ,  w h i c h  would m e r i t  p a r t i c u l a r  
a t t e n t i o n ,  a c a l c i u m  s o l u t i o n  i n  
m o l t e n  c a l c i u m  f l u o r i d e  h a d  r e c e i v e d  
e a r l y  a t t e n t i o n  (1909) b y  p r e v i o u s  
i n v e s t i g a t o r s  (Wch le r  and Rodewald(  1 3 )  
who a l s o  b e l i e v e d  t h a t  t h e y  h a d  p r e -  
p a r e d  a s o l i d  s u b f l u o r i d e ,  C a F ,  b e -  
s i d e s  o t h e r  s u b h a l i d e s  s u c h  a s  CaC1, 
C a I ,  and Ag,F. Whereas  t h e  s t r u c t u r e  
a n d  p r o p e r t i e s  o f  A g 2 F  h a v e  b e e n  
s t u d i e d  ' s i n c e  and a r e  now q u i t e  w e l l  
known, t h e  e x i s t e n c e  o f  n e i t h e r  t h e  
o t h e r  u s u a l l y  v e r y  d e e p l y  c o l o r e d  
s u b h a l i d e s ,  a n d  o f  s u b o x i d e s ,  o r  
s u b s u l f i d e s  ( s e e ,  f o r  e x a m p l e ,  G u n t z  
a n d  B e n o i t ( 1 4 ) )  n o r  o f  t r u e  m e t a l  
s o l u t i o n s  i n  s a l t  m e l t s  h a s  b e e n  

( I 2 ) M .  A. Bredig, oral communication to A. M. 
Weinberg, October, 1950. 

(13)L. Whler,,and G. Rodewald, " Bekannte und 
neue Subhaloide, 2. anorg.  a l l g e m .  Chem. 61, 54 
( 1909 ) . 

(14)A. Guntz anrl,F. Benoit, " Sur les sous-sels 
alcalino-terreux, Bull. S O C .  chim. France  35, 
709 (1924). 

g e n e r a  1 1  y a c c e p t e d .  ( I 5 )  More r e c e n t  
s t u d i e s  h a v e  c o n f i r m e d  p a r t  o f  t h e  
e a r l i e r  work .  C u b i c c i o t t i  and T h u r -  
m o n d ( 1 6 )  f o u n d  s o l u b i l i t i e s  o f  a l k a -  
l i n e  e a r t h  m e t a l s  i n  t h e i r  h a l i d e  
m e l t s  a t  t e m p e r a t u r e s  up t o  l l O O ° C  a s  
h i g h  a s  3 0  t o  4 0  m o l e  %, w h e r e a s  
R i n c k ( " )  d o e s  n o t  r e p o r t  a n y  q u a n t i -  
t a t i v e  d a t a  o n  s o l u b i l i t y  o f  s o d i u m  
and p o t a s s i u m  m e t a l s  i n  t h e i r  f l u o r i d e  
me l t s .  H a l l a  and Tompa( ' * )  f o u n d  t h e  
s o l u b i l i t y  o f  s o d i u m  m e t a l  i n  a m e l t  
o f  s o d i u m  h y d r o x i d e ( I g )  t o  be  d u e  t o  
t h e  f o r m a t i o n  o f  s o d i u m  o x i d e  a n d  
s o d i  um h y d r i d e  : 

NaOH -+ 2Na 7 Na20  + NaH 

L o r e n z  a n d  W i n z e r ' " )  f o u n d  s o d i u m  
t o b e  s o l u b l e  i n  m o l t e n  sod ium c h l o r i d e  
i n  a m o u n t s  o f  a p p r o x i m a t e l y  4 w t  % a t  
8OO0C, and o f  15 w t  % a t  850°C. T h e s e  
l a s t  f i g u r e s  m i g h t  i n d i c a t e  a r a t h e r  
l ow s o l u b i l i t y  o f  a l k a l i n e  m e t a l s  i n  
t h e i r  s a l t  m e l t s  a t  l o w  t e m p e r a t u r e ,  
e . g . ,  i n  e u t e c t i c  f l u o r i d e  me l t s .  No 
w o r k  o n  t h e  c r y s t a l  s t r u c t u r e  o f  
q u e n c h e d  m e l t s  h a s  b e e n  f o u n d  i n  t h e  
l i t e r a t u r e .  

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

('')A summary of the earlier work is found in 
the Book P r o s o l e  by R. Lorenz and W. Eitel, 
Akadem. Verlagsges., Leipzig, 1926. 

(16)D. D. Cubicciotti and C. D. Thurmond, J .  
A m .  Chen. Soc. 71, 2149 (1949). 

(")E. Rinck, " Equilibres 1'6tat fondu 
entre selse m taux alcalinset alcalino-terreaux," 
Ann. ch in .  G O T  18, 395 (1932). 

('"F. Halla and H. Tompa, " Uber d p  Zustand 
des in NaOH-Schmelzen elosten Natrium, 2. anorg. 
al lgem. Chern. 219, 32f (1934). 

('"G. v. Hevesy, '' Uber die schmelzelektro- 
lytische Abscheidung der Alkalimetalle aus 
Atzalkalien u:d die Loslichkeit dieser Metalle in 
der Schmelze, 2. Elektrochem. 15, 529 (1909). 

" Die Liislichkeit 
von Natrium und C$lcium in ihren Chloriden und 
Chlorid emischen, 2. anorg.  a l l g e m .  Chern. 183, 
121 (1989). 

(")R. Lorenz and R. Winzer, 
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FOR PERIOD ENDING JUNE 30, 1951 

c o m p u t i n g  t h e r m o d y n a m i c  d a t a  o n  m e t -  
a l - m e t a l  c h l o r i d e  s y s t e m s  which  would 
b e  p e r t i n e n t t o  a s e l e c t i o n  o f  s u i t a b l e  
c o n t a i n e r  m a t e r i a l s .  I n  a d d i t i o n ,  a 
s t a i n l e s s  s t e e l  c y l i n d e r ,  w i t h  o n e  
c l o s e d  a n d  o n e  f l a n g e d  and w a t e r - c o o l e d  
e n d ,  f o r  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  
e x p e r i m e n t s  h a s  b e e n  d e s i g n e d  a n d  i s  
b e i n g  c o n s t r u c t e d .  A vacuum s y s t e m  
f o r  o p e r a t i o n  o f  t h i s  a n d  s i m i l a r  
a p p a r a t u s  h a s  b e e n  a s s e m b l e d .  A c t u a l  
e x p e r i m e n t s  i n  w h i c h  e x t e n s i v e  u s e  
w i l l  b e  made o f  X - r a y  d i f f r a c t i o n  f o r  
p o s s i b l e  i d e n t i f i c a t i o n  o f  s o l i d  
s u b h a l i d e s  ( g r e a t l y  n e g l e c t e d  i n  t h e  
p r e v i o u s  s t u d i e s )  a r e  e x p e c t e d  t o  b e  
underway soon.  

F r e e - E n e r g y  C a l c u l a t i o n s  f o r  R e -  
a c t i o n s  w i t h  S o d i u m  H y d r o x i d e .  T h e  
f r e e  e n e r g y  o f  f o r m a t i o n  o f  s o d i u m  
h y d r o x i d e  f r o m  t h e  e l e m e n t s  i n  t h e i r  
s t a n d a r d  s t a t e s ,  a s  a f u n c t i o n  o f  
t e m p e r a t u r e ,  h a s  b e e n  c a l c u l a t e d  w i t h  
e x i s t i n g  d a t a  f r o m  2 9 8  t o  900°K a n d  
e x t r a p o l a t e d  t o  1173°K ( 9 0 0 ° C ) .  The  
a c c u r a c y  o f  t h e  e x t r a p o l a t i o n  i s  
e s t i m a t e d  t o  b e  t 1 5 % .  T h e s e  v a l u e s  
were u s e d  w i t h  t h e  f r e e  e n e r g i e s  o f  
f o r m a t i o n  o f  s e v e r a l  o x i d e s  t o  c a l -  
c u l a t e  t h e  f r e e  e n e r g y  o f  r e a c t i o n  o f  
s o d i u m  h y d r o x i d e  w i t h  t h e  e l e m e n t s .  
The  g e n e r a l  r e a c t i o n  i n v e s t i g a t e d  w a s  
o f  t h e  f o l l o w i n g  t y p e  w i t h  r e a c t a n t s  
and p r o d u c t s  

2NaOH + 

T a b l e  5 . 1  
o f  r e a c t i o n  
a c c u r a c y  o f  

i n  t h e i r  s t a n d a r d  s t a t e s :  

xM = M,O + Na,O + H, 

c o n t a i n s t h e  f r e e  e n e r g i e s  
i n  k i l o c a l o r i e s .  T h e  

t h e s e  v a l u e s  i s  p r o b a b l y  

o f  t h e  o r d e r  o f  *20%. I n s p e c t i o n  o f  
t h e  t a b u l a r  v a l u e s  i n d i c a t e s  t h a t  
i r o n ,  n i c k e l ,  c o b a l t ,  c o p p e r ,  m o l y -  
bdenum, and t u n g s t e n  a r e  r e s i s t a n t  t o  
a t t a c k  by  sodium h y d r o x i d e  u n d e r  t h e s e  
c o n d i t i o n s  u p  t o  a t e m p e r a t u r e  o f  
900°C. H o w e v e r ,  c h r o m i u m ,  v a n a d i u m ,  
s i l i c o n ,  m a n g a n e s e ,  and  t i t a n i u m  show 
a t e n d e n c y  t o  r e a c t  a t  500"C, and t h e  
t e n d e n c y  i n c r e a s e s  w i t h  t e m p e r a t u r e .  

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  
( 1 )  t h e s e  r e s u l t s  o n l y  s e r v e  t o  
e l i m i n a t e  f r o m  f u r t h e r  c o n s i d e r a t i o n  
t h o s e  e l e m e n t s  w i t h  w h i c h  t h i s  r e -  
a c t i o n  i s  p o s s i b l e  a n d  d o e s  n o t  i n -  
d i c a t e  t h a t  i r o n ,  n i c k e l ,  e t c .  a r e  n o t  
c o r r o d e d  by  some o t h e r  p r o c e s s ,  ( 2 )  no  
a c c o u n t  h a s  b e e n  t a k e n  o f  t h e  a c t i v i -  
t i e s  o f  t h e  v a r i o u s  r e a c t a n t s  a n d  
p r o d u c t s  u n d e r  a c t u a l  t e s t  c o n d i t i o n s ,  
a n d  ( 3 )  p o s s i b l e  c o m p o u n d s  o f  t h e  
e l e m e n t s  w i t h  sod ium and o x y g e n , i . e . ,  
sod ium f e r r i t e ,  s o d i u m  t u n g s t a t e ,  and 
s o d i u m  m o l y b d a t e ,  h a v e  n o t  b e e n  c o n -  
s i d e r e d  a t  t h e  p r e s e n t  w r i t i n g  o w i n g  
t o  t h e  m e a g e r  d a t a  a v a i l a b l e .  Ad- 
t i o n a l  d a t a  a r e  now b e i n g  c o m p i l e d  
f o r  c o n v e n i e n t  r e f e r e n c e  on t h e  b a s i s  
o f m o r e  r e c e n t  l i t e r a t u r e ,  p a r t i c u l a r l y  
f o r  m e t a l l i c  o x i d e s  and  m e t a l - s o d i u m  
d o u b l e  o x i d e s .  

S T O R A G E  AND R E L E A S E  OF ENERGY I N  I O N I C  
S O L I D S  S U B J E C T E D  TO I O N I Z I N G  R A D I A T I O N  

J. A. Ghormley ( w i t h  H. A. Levy)  

T h i s  work i s  b e i n g  w r i t t e n  up a s  a 
t h e s i s  and w i l l  a p p e a r  s h o r t l y .  
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H3 PO, 
( M I  

1 . 0  

2 . 1  

3 . 1  

3 . 8  

5 . 8  

6. REACTOR 

SOLUBILITY O F  
URANIUM MOLE RATIO, 

( m o l e s /  l i  t e r )  PO, / u 
0 . 0 5 0  2 0  

0 . 2 5  8 . 4  

0 . 6 0  5 . 2  

‘ “ 0 . 8 5  - 4 . 5  

” 1 . 6 7  - 3 . 5  

AQUEOUS SOLUTION CHEMISTRY OFREACTOR 
FUELS 

H. 0. Day W .  L. M a r s h a l l  
J .  S. G i l l  H .  W .  W r i g h t  

T h e  U r a n i u m  T r i o x i d e - O r t h o -  
phosphoric Acid-Water System. T h e  
e x p e r i m e n t a l  w o r k  o n  t h e  u r a n i u m  
t r i o x i d e - o r t h o p h o s p h o r i c  a c i d - w a t e r  
s y s t e m  i s  g i v e n  e l s e w h e r e . ( ’ )  

E f f e c t  o f  F e r r i c  O x i d e  o n  t h e  
Critical S o l u t i o n  T e m p e r a t u r e s  o f  
Aqueous Uranyl Sulfate. T h e  e f f e c t  
o f  f e r r i c  o x i d e  on  c r i t i c a l  s o l u t i o n  
t e m p e r a t u r e s  o f  a q u e o u s  u r a n y l  s u l f a t e  

(”J. A. Swartout e t  a l . ,  Homogeneous R e a c t o r  
P r o j e c t  Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  P e r i o d  
Ending May 15, 1951, ORNL-1057 ( i n  press ) .  

CHEMISTRY 

i s  r e p o r t e d  i n  r e f e r e n c e  ( 1 ) .  I n  
summary ,  t h e  t e m p e r a t u r e  a p p e a r e d  t o  
be  l o w e r e d  3 or 4 ° C ;  h o w e v e r ,  t h i s  
i s  n o t  c e r t a i n  b e c a u s e  o f  t h e  d i f -  
f i c u l t y  o f  o b s e r v a t i o n  o f  s o l u t i o n  
and s o l i d  i n  s i l i c a  t u b e s .  

A d d i t i o n a l  I n v e s t i g a t i o n s  i n  
Progress. E m p h a s i s  i s  now p l a c e d  
on t h e  i n v e s t i g a t i o n  o f  v a p o r  p r e s -  
s u r e  o f  a q u e o u s  s o l u t i o n s  o f  u r a n i u m  
s a l t s  [ n a m e l y ,  U O , S O , ,  UO,(NO,),, 
and U O , F , I  b e t w e e n  1 5 0  a n d  3 0 0 ° C .  
C o n s e q u e n t l y ,  e x p e r i m e n t s  f r o m  room 
t e m p e r a t u r e  t o  15OOC h a v e  b e e n  p o s t -  
poned ( a l t h o u g h  t h e  e q u i p m e n t  i s  
c o m p l e t e )  i n  o r d e r  t o  d e v o t e  f u l l  
t i m e  t o  t h e  h i g h e r  t e m p e r a t u r e  i n -  
v e s  t i  g a  t i o n .  

C o n d u c t i v i t y  a p p a r a t u s  i s  b e i n g  
d e v i s e d  by B u n g e r  t o  m e a s u r e  c o n -  
d u c t i v i t i e s  o f  a q u e o u s  u r a n y l  s u l f a t e  
and o t h e r  u r a n i u m  s a l t s  b e t w e e n  1 0 0  
and 300OC. 

An e x t e n d e d  s t u d y  o f  f i s s i o n  
p r o d u c t  s o l u b i l i t i e s  i n  u r a n y l  s u l f a t e  
s o l u t i o n s  above  1OOOChas been  s t a r t e d .  
E.  V. J o n e s  w i l l  c o n t i n u e  t h e  i n -  
v e s t i g a t i o n  i n i t i a t e d  b y  L i e t z k e  a n d  
S t o u g h t o n . ( , )  

RADIATION STABILITY 

H.  F. M c D u f f i e  

The  r e s u l t  o f  w o r k  d o n e  t h i s  
q u a r t e r  by t h e  R a d i a t i o n  S t a b i l i t y  
Group is  summar ize  d b e  1 o w .  A d e  - 
t a i l e d  d i s c u s s i o n  w i l l  a p p e a r  i n  t h e  

I 

I 
(‘)M. H .  L i e t z k e  and R. W .  St ,ouehton,  T h e  

Measurement o f  t h e  S o l u b i l i t y  o f  F i s s i o n  P r o d u c t  
S u l f a t e s  a t  H i g h  T e a  e r a t u r e s  and P r e s s u r e s ,  
Om-970 (March 13, 19t1) .  
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Homogeneous R e a c t o r  P r o j e c t  q u a r t e r l y  
r e p o r t .  

E f f o r t s  o f  t h e  R a d i a t i o n  S t a b i l i t y  
G r o u p  h a v e  b e e n  d i r e c t e d  t o w a r d  t h e  
f o l l o w i n g  g e n e r a l  i n v e s t i g a t i o n s :  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

O u t - o f - p i l e  a m p o u l e  s t u d i e s  o f  
p a s s i v e  f i l m s  on  3 4 7  s t a i n l e s s  
s t e e l  i n  c o n t a c t  w i t h  u r a n y l  
s u l f a t e  s o l u t i o n .  

O u t - o f - p i l e  s t u d i e s  o f  c o r -  
r o s i o n  a n d  s o l u t i o n  s t a b i l i t y  
u s i n g  t h e  b o m b - f i  t t i n g -  t u b i n g  
a s s e m b l i e s  d e s i g n e d  f o r  i n -  
p i  l e  t e s t i n g .  

L o n g - t e r m  r a d i a t i o n  s t a b i l i t y  
t e s t s  a t  t h e  max imum f l u x  o f  
t h e  g r a p h i t e  p i l e .  

S h o r t -  t e r m  e x p l o r a t o r y  t e s t s  
a t  t h e  much h i g h e r  f l u x e s  o f  
t h e  LITR. 

P r e l i m i n a r y  r a d i a t i o n  s t a b i l i t y  
s t u d i e s  o f  u r a n y l  n i t r a t e  
s o l u t i o n s .  

P r e l i m i n a r y  r a d i a t i o n  s t a b i l i t y  
s t u d i e s  o f  t h e  c o m p o n e n t s  o f  
t h e  heavy-water  r e f l e c t o r  s y s t e m  
o f  t h e  HRE. 

The  c o n c l u s i o n s  o f  p r i n c i p a l  i n -  
t e r e s t  t o  t h e  HRE w h i c h  h a v e  a r i s e n  
f r o m  t h e  w o r k  o f  t h e  g r o u p  d u r i n g  
t h e  q u a r t e r  a r e  a s  f o l l o w s :  

1. The p r e s e n c e  o f  o x y g e n  i s  n e c -  
e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  
t h e  p a s s i v i t y  o f  3 4 7  s t a i n l e s s  
s t e e l  s u r f a c e s  i n  c o n t a c t  w i t h  
u r a n y l  s u l f a t e  s o l u t i o n s  a t  
t e m p e r a t u r e s  o f  2 5 0 ° C  a n d  may 
p o s s i b l y  b e  s u f f i c i e n t  f o r  t h e  
a c h i e v e m e n t  a n d  m a i n t e n a n c e  o f  
p a s s i v i t y .  ( T h i s  f i n d i n g  i s  

2 .  

3 .  

4 .  

s u p p o r t e d  by t h e  work  o f  o t h e r  
g r o u p s  a p p r o a c h i n g  t h e  p r o b l e m  
from d i f f e r e n t  p o i n t s  o f  v i e w ,  
and  i t  i s  n o t  i n t e n d e d  t h a t  
any c r e d i t  s h o u l d  b e  t a k e n  
away f r o m  t h e i r  f i n d i n g s .  T h e  
c o n c l u s i o n ,  n e v e r t h e l e s s ,  i s  
p r e s e n t e d  h e r e  b e c a u s e  t h e  work 
o f  t h i s  g r o u p  h a s  b e e n  s u f -  
f i c i e n t  t o  e s t a b l i s h  i t  w i t h  
c e r t a i n t y ) .  

S u r f a c e s  p r e t r e a t e d  w i t h  c h r o m i c  
a c i d  a p p e a r  o u t s t a n d i n g l y  b e t t e r  
t h a n  t h o s e  p r e t r e a t e d  w i t h  
n i t r i c  a c i d  w h e n  t e s t e d  f o r  
a b i l i t y  t o  m a i n t a i n  p a s s i v i t y  
i n  c o n t a c t  w i t h  d e g a s s e d  s o l u -  
t i o n s  o f  u r a n y l  s u l f a t e .  

A g r o u p  o f  f i v e  s t a i n l e s s  s t e e l  
bombs c o n t a i n i n g  enr i ' ched  u r a n y l  
s u l f a t e  s o l u t i o n s  h a s  b e e n  e x -  
p o s e d  t o  t h e  f u l l  f l u x  o f  t h e  
X-10 p i l e  f o r  s e v e n  w e e k s  w i t h  
m a i n t e n a n c e  o f  p r e s s u r e s  s u b  - 
s t a n t i a l l y  i n  e x c e s s  o f  s t e a m  
p r e s s u r e  , t h u s  i n d i c a t i n g  t h a t  
t h e  bombs c o n t i n u e  t o  m a i n t a i n  
t h e i r  u r a n i u m  i n  s o l u t i o n .  

A p r e l i m i n a r y  e x p e r i m e n t  i n  t h e  
LITR h a s  b e e n  c a r r i e d  o u t  s u c -  
c e s s f u l l y .  

P r o j e c t e d  Work f o r  Next  Q u a r t e r .  
A d d i t i o n  a 1 p r e  l i m i n  a r  y e x p e r i m e n t s  
w i l l  b e  c a r r i e d  o u t  a t  t h e  h i g h e r  
f l u x e s  o b t a i n a b l e  i n  t h e  LITR, u s i n g  
t h e  v e r t i c a l  h o l e  i n t o  t h e  a c t i v e  
l a t t i c e .  A p p a r a t u s  f o r  l o n g - t e r m  
e x p e r  imen ts  i n  t h e  h o r i  z on t a 1  t h i m b l e  
h o l e s  w i l l  b e  c o m p l e t e d  a n d  e x p e r i -  
men t s  w i l l  b e  s t a r t e d .  An e x p l o r a t i o n  
o f  u r a n i u m  p e r o x i d e  f o r m a t i o n  a s  a 
f u n c t i o n  o f  t e m p e r a t u r e  and  
b e  c a r r i e d  o u t  i n  t h e  LITR 
v e r t i c a l  e x p e r i m e n t a l  h o l e .  

f l u x  w i l l  
u s i n g  t h e  
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L o n g - t e r m  e x p e r i m e n t s  w i l l  b e  c o n -  
t i n u e d  i n  t h e  h o r i z o n t a l  h o l e  (No. 60)  
o f  t h e  X-10 p i l e  t h r o u g h o u t  t h e  q u a r -  
t e r .  I f  t h e  p r e s e n t  s e t  o f  bombs i s  
r e m o v e d  f o r  a n y  r e a s o n ,  a new s e t  
w i l l  be i n s e r t e d .  

E x p l o r a t i o n  o f  t h e  r a d i a t i o n  d e -  
c o m p o s i t i o n  o f  t h e  h e a v y - w a t e r  r e -  
f l e c t o r  s y s t e m  o f  t h e  H R E  w i l l  b e  
c a r r i e d  o u t  b y  m e a n s  o f  e x p e r i m e n t s  
i n  h o l e  1 2  of t h e  X-10 p i l e .  

P r e l i m i n a r y  e x p l o r a t i o n  o f  t h e  
r a d i a t i o n  d e c o m p o s i t i o n  o f  u r a n y l  
n i t r a t e  s o l u t i o n s  w i l l  be c o n t i n u e d ]  
a n d  s t u d i e s  on  u r a n y l  f l u o r i d e  a n d  
p o s s i b l y  u r a n y l  p h o s p h a t e  s o l u t i o n s  
w i l l  b e  i n i t i a t e d ,  u s i n g  h o l e  1 2  o f  
t h e  X-10 p i l e .  

O u t - o f - p i l e  s t u d i e s  o f  b o m b - f i t t i n g -  
t u b i n g  a s s e m b l i e s  w i l l  be c o n t i n u e d  a s  
a b a s i s  f o r  i n t e r p r e t a t i o n  o f  t h e  i n -  
p i l e  r a d i a t i o n  r e s u l t s .  S o l u t i o n s  o f  
h i g h e r  c o n c e n t r a t i o n  w i l l  be c h e c k e d ,  
f o l l o w i n g  w h i c h  r a d i a t i o n  s t u d i e s  
w i l l  be i n i t i a t e d  i n  h o l e  1 2 .  

O u t - o f - p i l e  s t u d i e s  o f  t h e  r a t e s  
o f  r e c o m b i n a t i o n o f  h y d r o g e n  and  oxygen 
i n  o u r  b o m b - f i t t i n g - t u b i n g  a s s e m b l i e s  
a t  h i g h  p r e s s u r e s  may be  i n i t i a t e d  i n  
o r d e r  t o  p r o v i d e  b e t t e r  i n t e r p r e t a t i o n  
o f  t h e  s i g n i f i c a n c e  o f  d a t a  o b t a i n e d  
i n  t h e  p r e s e n c e  o f  r a d i a t i o n ]  p a r -  
t i c u l a r l y  i n  t h e  p r e s s u r e  "hump"  
f r e q u e n t l y  o b s e r v e d  i n  r a d i a t i o n  
e xpe r imen t s . 

I f  p o s s i b l e ,  w o r k  on t h e  i n t e r -  
a c t i o n  o f  oxygen  w i t h  s t a i n l e s s  s t e e l  
s u r f a c e s ,  b o t h  u s i n g  0" a s  a t r a c e r  
and m e a s u r i n g  t h e  r a t e s  o f  c o n s u m p t i o n  
o f  o r d i n a r y  o x y g e n ,  w i l l  be i n i t i a t e d  
f o r  i t s  s i g n i f i c a n c e  i n  c o n n e c t i o n  

w i t h  p a s s i v i t y .  A l s o ,  w o r k  w i l l  b e  
s t a r t e d  on t h e  i n t e r a c t i o n  o f  s t a i n -  
l e s s  s t e e l  c o m p o n e n t s  w i t h  u r a n y l  
s u l f a t e  s o l u t i o n s  u n d e r  a v a r i e t y  o f  
c o n d i t i o n s ,  u s i n g  i r r a d i a t e d  s t a i n -  
l e s s  s t e e l  a s  a s o u r c e  o f  r a d i o a c t i v e  
c o m p o n e n t s .  T h i s  t e c h n i q u e  s h o u l d  
p r o v i d e  a v e r y  s e n s i t i v e  m e a s u r e m e n t  
o f  t h e  a b i l i t y  o f  p r o t e c t i v e  m e a s u r e s  
t o  p r e v e n t  t h e  e s c a p e  o f  t h e  s t a i n -  
l ess  s t e e l  m e t a l l i c  c o m p o n e n t s ,  i . e . ,  
t o  p r e v e n t  c o r r o s i o n .  

S O L U B I L I T I E S  O F F I S S I O N  PRODUCT 
S U L F A T E S  I N  AQUEOUS S O L U T I O N S  

B. Z e m e l  and R .  W .  S t o u g h t o n  

T h e  s o l u b i l i t i e s  o f  La , (SO, ) ,  
o f  C e , ( S O , ) ,  i n  H , O  h a v e  b e e n  

and  
d e  - 

t e r m i n e d  a s  a f u n c t i o n  o f  t e m p e r a t u r e  
u p  t o  a b o u t  3 5 0 ° C ,  a n d  w i l l  b e  r e -  
p o r t e d  i n  d e t a i l  i n  t h e  HRE q u a r t e r l y  
p r o g r e s s  r e p o r t .  

S e v e r a l  s o l u b i l i t y  c u r v e s  f o r  d a t a  
o b t a i n e d  i n  t h e  p r e s e n c e  o f  UO,SO, 
were d i s c a r d e d  when i t  was f o u n d  t h a t  
t h e  s t o c k  UO,SO, u s e d  c o n t a i n e d  a p -  
p r e c i a b l e  a m o u n t s  o f  a m m o n i a .  I t  
was f u r t h e r  shown t h a t  t h e  s o l u b i l i t y  
o f  t h e  a l u n d u m  f i l t e r  d i s k s  e m p l o y e d  
and  t e m p e r a t u r e  v a r i a t i o n s  a c r o s s  t h e  
bomb w e r e  c a u s i n g  s p u r i o u s  r e s u l t s  
owing  t o  p r e c i p i t a t i o n  o f  u r a n i u m  a n d  
d i s t i l l a t i o n  o f  w a t e r ,  r e s p e c t i v e l y .  

I n  o r d e r  t o  o b v i a t e  t h e s e  ' f a c t o r s  
t h r e e  m e a s u r e s  were t a k e n :  t h e  alundum 
f i l t e r  d i s k s  were r e p l a c e d  by p l a t i n u m  
s p o n g e  f i l t e r s ,  t h e  bomb f u r n a c e s  were  
s o  a r r a n g e d  t h a t  t h e  u p p e r  or s a m p l e  
end  o f  t h e  bomb was k e p t  a few d e g r e e s  
h o t t e r  t h a n  t h e  l o w e r  or r e a c t i o n  s i d e ,  
a n d  t h e  t e m p e r a t u r e  d i f f e r e n t i a l  f o r  
f i l t r a t i o n  w a s  k e p t  l o w  e n o u g h  t o  
f a v o r  f i l t r a t i o n s  o v e r  d i s t i l l a t i o n .  
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ELECTROCHEMICAL C O R R O S I O N  S T U D I E S  

J .  C. Gr iess  

S t u d i e s  o f  t h e  c o r r o s i o n  i n  c o n -  
n e c t i o n  w i t h  t h e  HRE h a v e  b e e n  c o n -  
t i n u e d .  A s  p r e v i o u s l y  r e p o r t e d ,  ( ' )  

t h e  m a j o r i t y  o f  t h e  r e s u l t s  o b t a i n e d  
t o  d a t e  f o r  c o r r o s i o n  o f  347 s t a i n l e s s  
s t e e l  a n d  s t a b i l i t y  o f  UO,SO, s o l u -  
t i o n s  c a n  be  e x p l a i n e d  on an e l e c t r o -  
c h e m i c a l  b a s i s .  H e n c e  m o s t  o f  t h e  
work d u r i n g  t h e  p a s t  q u a r t e r  h a s  b e e n  
d i r e c t e d  t o w a r d  t h e  e s t a b l i s h m e n t  o f  
a g e n e r a l  m e c h a n i s m  o f  t h e  c o r r o s i o n  
o f  c e r t a i n  m e t a l s  a n d  t h e  e f f e c t s  o f  
t h e  d i f f e r e n t  v a r i a b l e s  o n  t h e  c o r -  
r o s i o n  r a t e .  

E x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  
i n  a n  a t t e m p t  t o  show t h e  e f f e c t  o f  
t h e  p r e s e n c e  o f  o x y g e n  i n  p r e v e n t i n g  
t h e  p r e c i p i t a . t i o n  o f  u r a n i u m  f r o m  
s o l u t i o n .  The d a t a  d e f i n i t e l y  showed 
t h a t  o x y g e n  was consumed  when u r a n y l  
s u l f a t e  w a s  h e a t e d  a t  2 5 0 ° C  i n  t h e  
p r e s e n c e  o f  a i r  i n  a p a s s i v a t e d  s t a i n -  
l e s s  s t e e l  c o n t a i n e r .  I t  w a s  a l s o  
shown t h a t  i n  t h e  a b s e n c e  o f  o x y g e n  
a t  l e a s t  s o m e  o f  t h e  u r a n i u m  w a s  
p r e c i p i t a t e d  f r o m  s o l u t i o n  e i t h e r  a s  
UO, or U,O,. 

R e c e n t l y ,  h o w e v e r ,  some d o u b t  h a s  
b e e n  c a s t  o n  t h e  v a l i d i t y  o f  t h e  
r e s u l t s  o w i n g  t o  t h e  p r e s e n c e  o f  
i m p u r i t i e s  i n  t h e  u r a n y l  s u l f a t e .  
C a r e f u l  a n a l y s e s  o f  t h e  s u p p o s e d l y  
p u r e  u r a n y l  s u l f a t e  h a v e  shown  t h a t  
t h e  r a t i o  o f  s u l f a t e  t o  u r a n i u m  was 
g r e a t e r  t h a n  u n i t y .  The  o d o r  o f  t h e  
u r a n y l  s u l f a t e  s o l u t i o n s  u s e d  a l s o  
i n d i c a t e d  t h e  p r e s e n c e  o f  s m a l l  
amounts  o f  o r g a n i c  m a t e r i a l .  

(')ORNL-1057, o p .  c i t .  

An a t t e m p t  i s  b e i n g  made t o  p r e p a r e  
p u r e  u r a n y l  s u l f a t e  b y  r e a c t i n g  
s t o i c h i o m e t r i c  a m o u n t s  o f  u r a n i u m  
t r i o x i d e  a n d  s u l f u r i c  a c i d .  When 
p u r e  u r a n y l  s u l f a t e  i s  a v a i l a b l e ,  t h e  
e x p e r i m e n t s  c o n c e r n i n g  t h e  consumpt ion  
o f  o x y g e n  w i l l  b e  r e p e a t e d .  

A N O D I C  TREATMENT OF T Y P E  347 S T A I N L E S S  
S T E E L  D U R I N G  P A S S I V A T I O N  W I T H N I T R I C  OR 

CHROMIC A C I D  S O L U T I O N  

M. H. L i e t z k e  a n d R .  W .  S t o u g h t o n  

The t y p e  347  s t a i n l e s s  s t e e l  t o  be 
u s e d  i n  t h e  X-10 homogeneous  r e a c t o r  
e x p e r i m e n t  c a n b e p a s s i v a t e d  by h e a t i n g  
i n  e i t h e r  1% HNO, or 2% CrO, s o l u t i o n  
a t  2 5 0 ° C  f o r  2 4  h r .  S i n c e  e i t h e r  
t r e a t m e n t  i s  b e l i e v e d  t o  p r o d u c e  a 
p a s s i v e  o x i d e  f i l m  on t h e  s u r f a c e  o f  
t h e  s t e e l ,  i t  s e e m e d  o f  i n t e r e s t  t o  
d e t e r m i n e  w h e t h e r  a n o d i c  t r e a t m e n t  
o f  t h e  s t e e l  d u r i n g  e i t h e r  o f  t h e  
p a s s i v a t i o n  p r o c e s s e s  migh t  n o t p r o d u c e  
a s u p e r i o r  p a s s i v e  f i l m .  

S p e c i m e n s  o f  N o .  3 4 7  s t a i n l e s s  
s t e e l  f r e s h l y  p a s s i v a t e d  i n  e i t h e r  
HNO, or C r 0 3  s o l u t i o n s  s h o w  a p o -  
t e n t i a l  g r e a t e r  t h a n  700 mv more p o s i -  
t i v e  t h a n  t h e  s a t u r a t e d  c a l o m e l  e l e c -  
t r o d e  (SCE) when immersed i n  a 0 . 1 3  f 
UO,SO, s o l u t i o n  ( c o r r e s p o n d i n g  t o  30 g 
o f  u r a n i u m  p e r  l i t e r ) .  The p o t e n t i a l  
b e c o m e s  s o m e w h a t  l e s s  p o s i t i v e  when 
t h e  p a s s i v a t e d  s t e e l  s p e c i m e n  i s  main-  
t a i n e d  a t  100°C i n  t h e  UO,SO, s o l u t i o n  
u n d e r  r e f l u x  c o n d i t i o n s .  As l o n g  a s  
t h e  f i l m  is  i n t a c t  t h e  c u r v e  o b t a i n e d  
by  p l o t t i n g  p o t e n t i a l  v s .  t i m e  d o e s  
n o t  show a n y  s u d d e n  b r e a k s .  However ,  
i f  s u f f i c i e n t  KC1 i s  a d d e d  t o  t h e  
u r a n y l  s u l f a t e  s o l u t i o n  t h e  p o t e n t i a l  
o f  t h e  p a s s i v a t e d  s t e e l  w i t h  r e s p e c t  
t o  t h e  SCE may s u d d e n l y  become much 
l e s s  p o s i t i v e ,  i n d i c a t i n g  f a i l u r e  o f  
t h e  p a s s i v e  f i l m .  The l e n g t h  o f  t ime  
b e f o r e  s u d d e n  b r e a k s  a r e  o b s e r v e d  i n  
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- - 

NO ANODIC TREATMENT -- 
ANODIC TREATMENT AT 00021 arnp/ft2 
ANODIC TREATMENT AT 0.0021 a m p d  - 
BUT NO CONDITIONING IN UO,SO, 
SOLUTION BEFORE CI- ADDED 

- 

- 

\- /-- - 
/’ 

CI- ADDED - 

- 

t h e  p o t e n t i a l - v s . - t i m e  c u r v e  when t h e  
u r a n y l  s u l f a t e  s o l u t i o n  a t  1 0 0 ° C  i s  
made 0 . 2  M i nKC1 i s  t a k e n  a s  a measu re  
o f  t h e  q u a l i t y  o f  t h e  p a s s i v a t e d  f i l m  
b e i n g  s t u d i e d .  T h e  p o t e n t i a l  i s  
m e a s u r e d  u s i n g  a 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  a n d  r e c o r d e d  by a Brown 
r e c o r d i n g  p o t e n t i o m e t e r .  

I t  was o b s e r v e d  i n  t h e  f i r s t  e x -  
p e r i m e n t s  t h a t  H N 0 3 - p a s s i v a t e d  s p e c i -  
mens f a i l e d  a l m o s t  i m m e d i a t e l y  when 
p l a c e d  d i r e c t l y  i n  u r a n y l  s u l f a t e  
s o l u t i o n  0 . 2  M i n  KC1. However ,  t h e  
p a s s i v e  f i l m s  a p p e a r e d  m u c h  m o r e  
r e s i s t a n t  t o  t h e  c h l o r i d e  when t h e y  
were m a i n t a i n e d  i n  c o n t a c t  w i t h  t h e  
UO,SO, s o l u t i o n  a t  1 0 0 ° C  f o r  4 8  h r  
p r i o r  t o  t h e  a d d i t i o n  o f  t h e  KC1. 
H e n c e  a l l  s p e c i m e n s  u s e d  i n  s u b -  
s e q u e n t  e x p e r i m e n t s  were s u b j e c t e d  t o  

t h i s  p r e l i m i n a r y  t r e a t m e n t  b e f o r e  KC1 
was added t o  t h e  s o l u t i o n .  The a c t u a l  
c h a n g e s  t h a t  o c c u r  i n  t h e  f i l m  d u r i n g  
t h i s  c o n d i t i o n i n g  p e r i o d  w i l l  b e  i n -  
v e s t i g a t e d  f u r t h e r .  

F i g u r e  6 . 1  shows  t h e  p o t e n t i a l - v s . -  
t i m e  c u r v e s  o b t a i n e d  w i t h  s p e c i m e n s  o f  
n i t r a t e - p a s s i v a t e d  No. 347 s t a i n l e s s  
s t e e l .  T h e  i n i t i a l  d e c r e a s e  i n  p o -  
t e n t i a l  p r o b a b l y  c o r r e s p o n d s  t o  t h e  
r e m o v a l  o f  o x y g e n  f r o m  t h e  p a s s i v e  
f i l m .  When t h e  c h l o r i d e  w a s  a d d e d  
( a s  KC1 d i s s o l v e d  i n  a s m a l l  a m o u n t  
o f  UO,SO, s o l u t i o n )  some o x y g e n  was  
a l s o  i n t r o d u c e d  i n t o  t h e  s y s t e m  w h i c h  
c a u s e d  t h e  s u d d e n  humps i n  t h e  c u r v e .  
A s  f a r  a s  t h e  c u r v e s  were f o l l o w e d  
a f t e r  t h e  a d d i t i o n  o f  t h e  K C 1 ,  n o  
b r e a k s  were o b s e r v e d  i n  t h e  c a s e  o f  
t h e  s p e c i m e n s  c o n d i t i o n e d  i n  t h e  
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Fig. 6.1 - Effect of Anodic Treatment of Type 347 Stainless Steel During 
Passivation in 1% HNO, Solution. 
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UO,SO, s o l u t i o n  b e f o r e  t h e  a d d i t i o n  
o f  t h e  c h l o r i d e .  The spec imen  t h a t  was 
n o t  c o n d i t i o n e d  i n  t h e  UO,SO, s o l u -  
t i o n  f a i l e d  a l m o s t  i m m e d i a t e l y .  

F i g u r e  6 . 2  s h o w s  t h e  e f f e c t  o f  
a n o d i c  t r e a t m e n t  o f  347 s t a i n l e s s  s t e e l  
a t  v a r i o u s  c u r r e n t  d e n s i t i e s  d u r i n g  
p a s s i v a t i o n  i n  2% C r O j  s o l u t i o n ,  The 
s p e c i m e n  t h a t  r e c e i v e d  n o  a n o d i c  
t r e a t m e n t  l a s t e d  f o r  more t h a n  62 h r  
b e f o r e  i t  f a i l e d .  The l e n g t h  o f  t i m e  
t h e  a n o d i z e d  s p e c i m e n s  r e m a i n e d  good 

d e c r e a s e d  w i t h  i n c r e a s i n g  a n o d i c  c u r -  
r e n t  d e n s i t y  d u r i n g  p a s s i v a t i o n .  
Hence i t  a p p e a r s  f rom t h e s e  e x p e r i m e n t s  
t h a t  t h e  p a s s i v e  f i l m  p r o d u c e d  on 347 
s t a i n l e s s  s t e e l  a n o d i z e d  i n  2% C r 0 ,  
a t  2 5 0 ° C  i s  i n f e r i o r  t o  t h a t  p r o d u c e d  
u n d e r  t h e  same c o n d i t i o n s  b u t  w i t h o u t  
a n o d i c  t r e a t m e n t .  

F u r t h e r  e x p e r i m e n t s  i n v o l v i n g  
a n o d i c  t r e a t m e n t  i n  HNO, and c a t h o d i c  
t r e a t m e n t  i n  C r O ,  s o l u t i o n  a r e  b e i n g  
c a r r i e d  o u t  a t  p r e s e n t .  
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7. RADIATION CHEMISTRY 

RADIATION CHEMISTRY OF AQUEOUS 
SOLUTIONS 

C. J. H o c h a n a d e l  and J. A. Ghormley  

Actinometry o f  Gamma Radiation. 
A d d i t i o n a l  m e a s u r e m e n t s  w e r e  made on 
t h e  y i e l d  f o r  f e r r o u s  s u l f a t e  o x i d a -  
t i o n  b y  gamma r a d i a t i o n  i n  o r d e r  t o  
r e s o l v e  t h e  d i f f e r e n c e  b e  t w e e n  o u r  
v a l u e ( ' )  o f  G = 1 5 . 5  +_ 0 . 3  F e + +  oxi- 
d i z e d  p e r  1 0 0  e v  d e t e r m i n e d  c a l o r i -  
m e t r i c a l l y  a n d  t h a t  o b t a i n e d  b y  
M i l l e r C 2 )  and H a r d w i c k ( ' )  o f  G 2 0 . 8  
d e t e r m i n e d  by i o n - c h a m b e r  m e a s u r e m e n t  
o f  e n e r g y  a b s o r p t i o n .  

N e w  c a l o r i m e t r i c  m e a s u r e m e n t s  o f  
i n t e n s i t i e s  o f  1 5 0 0 ,  4 5 0 0 ,  and 1 5 , 0 0 0  
r /min  g a v e  t h e  same y i e l d  a s  t h a t  ob -  
t a i n e d  p r e v i o u s l y .  I n  a d d i t i o n ,  t h e  
y i e l d  w a s  m e a s u r e d  u s i n g  a n  i o n  
c h a m b e r  made o f  p o l y s t y r e n e ,  g i v i n g  
a v a l u e  o f  G = 1 5 . 5  a t  4500 r / m i n  and 
G 1 6 . 1  a t  270 r /min .  

The y i e l d  f o r  r e d u c t i o n  o f  C e 4 +  i n  
a i r - s a t u r a t e d  0 . 4  M H2SO' s o l u t i o n  was 
found  t o  be G = 2 . 4 6  Ce" r k d u c e d  p e r  
100  e v  a b s o r b e d .  The r a t i o  o f  y i e l d s ,  
( 1 5 . 5  F e + + ) / ( 2 . 4 6  C e 4 + )  = 6 . 4 ,  i s  t h e  
same a s  t h a t  o b t a i n e d  by H a r d w i c k ,  ( ' )  

( 2 0 . 8  F e + + ) / ( 3 . 3  C e 4 + ) .  T h i s  w o u l d  
i n d i c a t e  t h a t  t h e  d i f f e r e n c e  i n  y i e l d s  

("J .  A. Ghormley and C. J. Hochanadel, " A 
Calorimetric Determination of the Yield for the 
0xida:ion of Ferrous Sulfate by Cobalt Gamma 
Rays ,  Chern i s t ryDiv i s ion  u a r t e r l y  P r o g r e s s  Repor t  

p. 121 (March 1 ,  f 9 5 l f .  

tion-Induced Reactions in Aqueous Solutions. 
J. Chern. Phys .  18, 79 (1950). 

1950, Montreal report PR-CE-8. 

f o r  P e r i o d  Endin S e  tern s e r  30,  1950, OWL-870, 

( 2 ) N .  Miller, " Quantitative Studies of Radia- 
I, 

( 3 ) I n  P r o g r e s s  Repor t  f o r  September t o  November, 

r e s u l t s  f rom a n  e r r o r  i n  e n e r g y  meas -  
u r e m e n t .  

T h e  y i e l d  v s .  c o n c e n t r a t i o n  f o r  
f e r r o u s  o x i d a t i o n  w a s  c h e c k e d  f o r  
c o n c e n t r a t i o n s  f r o m  5 x 10" t o  
1 . 6  X M a t  i n t e n s i t i e s  o f  2 7 0 ,  
4500,  and 1 5 , 0 0 0  r / m i n .  No s i g n i f i c a n t  
d i f f e r e n c e  i n  y i e l d  w a s  f o u n d  u n d e r  
t h e s e  c o n d i t i o n s .  A s h o r t  i r r a d i a t i o n  
o f  5 X 10" M s o l u t i o n  a t  4 5 0 0  r / m i n  
showed t h a t  H202 b u i l d s  up d u r i n g  i r -  
r a d i a t i o n  and c o n t i n u e s  t o  r e a c t  w i t h  
F e + +  a f t e r  t h e  i r r a d i a t i o n .  To t e s t  
w h e t h e r  a b u i l d - u p  o f  H , 0 2  a f f e c t s  
t h e  y i e l d  a t  t h e  h i g h e r  c o n c e n t r a t i o n s  
o f  F e + +  n o r m a l l y  u s e d  i n  a c t i n o m e t r y ,  
s a m p l e s  were g i v e n  a s e r i e s  o f  s h o r t  
i r r a d i a t i o n s  w i t h  r e l a t i v e l y  l o n g  
p e r i o d s  b e t w e e n .  P u l s e d  e x p o s u r e s  
a n d  e q u i v a l e n t  c o n t i n u o u s  e x p o s u r e s  
s h o w e d  no  s i g n i f i c a n t  d i f f e r e n c e  i n  
y i e l d  a t  e i t h e r  4500 or 1 5 , 0 0 0  r / m i n .  

I n c i d e n t a l  m e a s u r e m e n t s  showed t h e  
r a t i o  f o r  f e r r o u s  o x i d a t i o n  i n  a i r -  
s a t u r a t e d  and 0 2 - f r e e  s o l u t i o n  t o  b e  
2 . 0 2 .  A l s o ,  t h e  y i e l d  w a s  f o u n d  t o  
h a v e  a s m a l l  t e m p e r a t u r e  c o e f f i c i e n t ,  
t h e  v a l u e s  b e i n g  G = 1 5 . 5  a t  25°C and 
1 6 . 1  a t  65°C. 

S t e a d y - S t a t e  C o n c e n t r a t i o n s  in 
Various Inorganic Solutions Irradiated 
with Gamma Rays. A p rogram was s t a r t e d  
t o  d e t e r m i n e  t h e  s t e a d y - s t a t e  c o n -  
c e n t r a t i o n s o f g a s e s  e v o l v e d  i n  v a r i o u s  
s o l u t i o n s  i r r a d i a t e d  w i t h  gamma r a y s  
a t  s e v e r a l  i n t e n s i t i e s  a n d  t e m p e r -  
a t u r e s .  A t  p r e s e n t  N a 3 P 0 4 ,  H,PO,, 
NaOH, a c i d  and n e u t r a l  KBr, and U02S04 
s o l u t i o n s  a r e  b e i n g  s t u d i e d .  

74 
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0 240pmo les / l i t e r  
2 4 0 p m o l e s / l i t e r  IN 0.03N NaOH 

0.800 - - 

R A D I A T I O N  EFFECTS ON HETEROGENEOUS 
CATALYSTS 

J. A. W e t h i n g t o n  and E. H. T a y l o r  

The  a p p a r e n t  d e c r e a s e  i n  c a t a l y t i c  
a c t i v i t y  o f  a ZnO c a t a l y s t  u p o n  i r -  
r a d i a t i o n  c o n t i n u e s  t o  b e  o b s e r v e d ,  
b u t  an u n e q u i v o c a l  p r o o f  o f  t h e  n a t u r e  
o f  t h e  e f f e c t  i s  s t i l l  l a c k i n g .  A 
n u m b e r  o f  e x p e r i m e n t s  d e s i g n e d  f o r  
t h i s  p u r p o s e  a r e  u n d e r  way, and s h o u l d  
b e  c o m p l e t e d  s h o r t l y .  

EFFECTS OF GAMMA R A D I A T I O N  ON AQUEOUS 
BENZENE SOLUTIONS 

T. J. S w o r s k i  

H y d r o g e n  p e r o x i d e  p r o d u c t i o n  i s  
o b s e r v e d  i n  a q u e o u s  b e n z e n e  s o l u t i o n s  
c o n t a i n i n g  o x y g e n ,  w h i c h  h a s  n o t  b e e n  
r e p o r t e d  i n  p r e v i o u s  work.  ( 4 )  T h i s  
e f f e c t  i s  s h o w n  i n  F i g .  7 . 1 ,  w h e r e  
t h e  hydrogen  p e r o x i d e  y i e l d  i n  a q u e o u s  
b e n z e n e  s o l u t i o n  i s  c o m p a r e d  w i t h  
t h a t  i n  p u r e  w a t e r .  

S i n c e  h y d r o g e n  p e r o x i d e  r e p o r t e d l y  
i n t e r f e r e s  w i t h  p h e n o l  d e t e r m i n a t i o n  
b y  t h e  F o l i n  a n d  D e n i s  p h e n o l  r e a -  
g e n t ( ' )  and s i n c e  b i p h e n y l  i n t e r f e r e s  
w i t h  C a r r ' s  m e t h o d c 6 )  u s i n g  t h e  a b -  
s o r p t i o n  o f  p h e n o l  a t  270 m p ,  t h e  n e e d  
f o r  a n o t h e r  a n a l y t i c a l  method a r i s e s .  
A new method h a s  b e e n  d e v e l o p e d  u s i n g  
t h e  c h a n g e  i n  t h e  u l t r a v i o l e t  a b -  
s o r p t i o n  s p e c t r u m  when t h e  s o l u t i o n  
i s  made a l k a l i n e ,  a s  shown i n  F i g .  7 . 2 .  
T h e  i n c r e a s e  i n  o p t i c a l  d e n s i t y  o f  a 
s o l u t i o n  a t  2 9 0  m p  when i t  i s  made  

(4)G.  S t e i n  and J. Weiss,  " Chemical Ac t ionz  
o f  I o n i s i n g  R a d i a t i o n s  on A u e o u s  S o l u t i o n s ,  
J .  Chea. SOC. London 1949, 3249 (1949). 

(')F. D. S n e l l  and C. T. S n e l l ,  C o l o r i m e t r i c  
Methods o A n a l y s i s ,  v o l .  11, Van Nos t r and ,  N e w  
York, 193"! 

( 6 ) M .  E .  J .  C a r r ,  " A S i m y , l i f i e d  Chemica l  
Method o f  R a d i a t i o n  Dos imet ry ,  Nature  167, 363 
( 1951).  
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0 . 0 3  N i n  sod ium h y d r o x i d e  i s  l i n e a r l y  
r e l a t e d t o  t h e  c o n c e n t r a t i o n  o f  p h e n o l .  
T h i s  d e t e r m i n a t i o n  i s  n o t  i n t e r f e r e d  
w i t h  b y  b e n z e n e  or h y d r o g e n  p e r o x i d e .  
I n t e r f e r e n c e  b y  b i p h e n y l  f o r m a t i o n  i s  
removed b y  u s i n g  t h e  i r r a d i a t e d  s o l u -  
t i o n  a s  t h e  b l a n k .  

The r a d i a t i o n  e x p o s u r e s  were c a r r i e d  
o u t  i n  a c o b a l t  gamma-ray  s o u r c e . ( ' )  
D e t e r m i n a t i o n  o f  t h e  r a t e  o f  e n e r g y  
a b s o r p t i o n  i n  s o l u t i o n  was b a s e d  on  a 
c a l o r i m e t r i c  m e a s u r e m e n t (  ' )  o f  t h e  
r a t e  o f  e n e r g y  a b s o r p t i o n  i n  w a t e r .  
T h e  m e t h o d  for s a t u r a t i n g  s o l u t i o n s  
w i t h  0 , ,  H , ,  or H e  a n d  f i l l i n g  t h e  
i r r a d i a t i o n  c e l l s  w a s  e s s e n t i a l l y  
t h a t  r e p o r t e d  by  H o c h a n a d e l . ( 8 )  Ex- 
c e s s  b e n z e n e  w a s  p r e s e n t  o v e r  t h e  
a q u e o u s  s o l u t i o n  w h i l e  t h e  s o l u t i o n  
was b e i n g  s a t u r a t e d  w i t h  t h e  d e s i r e d  
g a s e s .  

H y d r o g e n  p e r o x i d e  was  d e t e r m i n e d  
u s i n g  a c o l o r i m e t r i c  method d e v e l o p e d  
b y  G h o r r n l e ~ . ( ~ )  T h e  p r e s e n c e  o f  
b e n z e n e  or p h e n o l  d o e s  n o t  i n t e r f e r e  
i n  t h i s  method.  P h e n o l  was d e t e r m i n e d  
b y  m e a s u r e m e n t s  o f  o p t i c a l  d e n s i t y  a t  
290 m p .  To 5 m l  o f  i r r a d i a t e d  s a m p l e  
was added  3 m l  o f  0 . 1  N NaOH, and t h e  
m i x t u r e  was d i l u t e d  t o  10  m l .  T h e  
b l a n k  c o n s i s t e d  o f  5 m l  o f  i r r a d i a t e d  
s o l u t i o n  d i l u t e d  t o  10 m l .  The o p t i c a l  
d e n s i t i e s  f o r  s a m p l e  a n d  b l a n k  were 
m e a s u r e d o n  a Beckman Model DU s p e c t r o -  
p h o t o m e t e r  i n  t h e  s a m e  1 - c m  c e l l ,  
u s i n g  for c o m p a r i s o n  t h e  i n t e n s i t y  
w i t h  no c e l l  i n  t h e  o p t i c a l  p a t h .  The 

(')J. A. Ghormley and C. J. Hochanadel, A 
C o b a l t  Gamma-Ray Source  Used for S t u d i e s  i n  Radia-  
t i o n  C h e m i s t r y ,  Own-897 (Feb. 6 ,  1951). 

J. Hochanadel, presented at 119th ACS 
Meeting, Cleveland, 1951. 

( ')A. 0. Allen, T. W. Davis, G. V. Elmore, 
J. A. Ghormley, B. M. Haines, and C. J. Hochanadel, 
D e c o m p o s i t i o n  o f  W a t e r  and A q u e o u s  S o l u t i o n s  
u n d e r  P i l e  R a d i a t i o n ,  O W L - 1 3 0  (Oct. 11, 1949). 

c o n c e n t r a t i o n  o f  p h e n o l  i n  t h e  i r -  
r a d i a t e d  s a m p l e  was c a l c u l a t e d  b y  t h e  
f o rmul a 

C o n c e n t r a t i o n  i n  p n o l e / l i t e r  
= 385(Ds' - D B ) ( d i l u t i o n  ). 

The c o n s t a n t  was e v a l u a t e d  by m e a s u r e -  
m e n t s  on p h e n o l  s o l u t i o n s  s t a n d a r d i z e d  
b y  p r e c i p i t a t i o n  o f  i o d o p h e n o l  w i t h  
I , ,  t h e  e x c e s s  I ,  b e i n g  d e t e r m i n e d  
w i t h  a t h i o s u l f a t e  s o l u t i o n  s t a n d -  
a r d i z e d  a g a i n s t  a r s e n i o u s  o x i d e .  

W a t e r  f r o m  a B a r n s t e a d  s t i l l  was 
r e d i s t i l l e d  f rom a c i d  p e r m a n g a n a t e  and 
t h e n  a l k a l i n e  p e r m a n g a n a t e .  A f u r t h e r  
d i s t i l l a t i o n  was made i n  an a l l - s i l i c a  
s y s t e m ,  and t h e  w a t e r  was  s t o r e d  i n  
s i l i c a  v e s s e l s .  B a k e r  a n d  Adamson  
t h i o p h e n e - f r e e  b e n z e n e  was u s e d  w i t h -  
o u t  f u r t h e r  p u r i f i c a t i o n .  P u r e  t a n k  
h e l i u m  w a s  p a s s e d  o v e r  c o p p e r  a t  
5 0 0 ° C  a n d  t h e n  t h r o u g h  a c h a r c o a l  
t r a p  a t  - 1 9 6 ° C  t o  e n s u r e  r e m o v a l  o f  
o x y g e n .  P u r e  t a n k  o x y g e n  w a s  u s e d  
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Results and Discussion. I n  a n  
o x y g e n - s a t u r a t e d  s o l u t i o n  o f  b e n z e n e  
t h e  i n i t i a l  y i e l d  o f  p h e n o l  p e r  1 0 0  
e v  a b s o r b e d  i n  s o l u t i o n  i s  2 . 8 0  a s  
s h o w n  i n  F i g .  7 . 3 .  T h i s  i s  t o  b e  
c o m p a r e d  w i t h  t h e  y i e l d  o f  2 . 7 4  r e -  
p o r t e d  b y  H o c h a n a d e l ( ' )  a n d  2 . 7 8  
e v a l u a t e d  f r o m  t h e  w o r k  o f  H a r t ( " )  
f o r  OH r a d i c a l s  f r e e  t o  r e a c t  w i t h  
s o l u t e .  From t h i s  c o m p a r i s o n  i t  may 
b e  c o n c l u d e d  t h a t  e a c h  OH r a d i c a l  r e -  
s u l t s  i n  t h e  f o r m a t i o n  o f  a m o l e c u l e  
o f  p h e n o l .  I n  a d d i t i o n  t o  p h e n o l ,  
h y d r o g e n  p e r o x i d e  i s  p r o d u c e d  i n  an 
i n i t i a l  y i e l d  o f  2 . 9 1  a s  s h o w n  i n  
F i g .  7 . 4 .  T h e s e  r e s u l t s  a r e  c o n -  
s i s t e n t  w i t h  t h e  f o l l o w i n g  mechanism: 

('')E. J. Hart, presented at 119th ACS Meeting, 
Cleveland, 1951. 
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F i g .  7 . 3  - I n i t i a l  Y i e l d  for  Phenol  F i g .  7 . 4  - I n i t i a l  Y i e l d  f o r  H,O, 
P r o d u c t i o n  i n  0 , - S a t u r a t e d  B e n z e n e  p r o d u c t i o n  i n  o 2 . s a t U r a t e d  B~~~~~~ 

S o l u t i o n s .  S o l u t i o n s .  

2H,O- H, -t H,O, ( 1 )  

H,O- H -t OH ( 2 )  

C,H, -t OH- C,H50H -t H ( 3 )  

H + 0,- HO, ( 4 )  

2H0,- H,O, -t 0, ( 5 )  

I n  a b e n z e n e  s o l u t i o n  s a t u r a t e d  
w i t h  a m i x t u r e  o f  hydrogen  and oxygen ,  
t h e r e  i s  n o  s i g n i f i c a n t  c h a n g e  i n  t h e  
a b o v e  y i e l d s  o f  p h e n o l  a n d  h y d r o g e n  
p e r o x i d e .  T h i s  i n d i c a t e s  t h a t  t h e  
r e a c t i o n  o f  h y d r o g e n  w i t h  t h e  O H  
r a d i c a l ,  

H, -t OH- H,O + H ( 6 )  

d o e s  n o t  c o m p e t e  a p p r e c i a b l y  w i t h  

r e a c t i o n  ( 3 )  u n d e r  t h e  c o n d i t i o n s  o f  
t h i s  i n v e s t i g a t i o n .  

I n  h e l i u m - s a t u r a t e d  b e n z e n e  s o l u -  
t i o n s  t h e  i n i t i a l  y i e l d  o f  p h e n o l  i s  
0 . 3 1 ,  a s  shown i n  F i g .  7 . 5 .  The  r a t i o  
o f  i n i t i a l  p h e n o l  y i e l d s  i n  oxygen  and  
i n  h e l i u m - s a t u r a t e d  s o l u t i o n s  i s  o b -  
s e r v e d  a s  9 / 1  a s  c o m p a r e d  w i t h  5 / 1  
r e p o r t e d  by we is^.(^) The  l o w e r  y i e l d  
i n  h e l i u m - s a t u r a t e d  s o l u t i o n s  i s  
e v i d e n t l y  d u e  t o  t h e  r e c o m b i n a t i o n  
r e  a c  t i  on: 

H + OH- H,O ( 7 )  

F i g u r e  7 . 6  s h o w s  t h a t  a s h a r p  
c h a n g e i n  t h e  r a t e  o f  p h e n o l  p r o d u c t i o n  
i n  a i r - s a t u r a t e d  s o l u t i o n s  o f  b e n z e n e  
o c c u r s  a t  t h e  same t i m e  t h a t  t h e  d e -  
c o m p o s i t i o n  o f  h y d r o g e n  p e r o x i d e  i s  
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Fig. 7.5 - Yield f o r  Phenol Pro- 
duction in Helium-Saturated Benzene 
Solutions. 

i n d u c e d .  T h i s  p r e s u m a b l y  c o r r e s p o n d s  
t o  o x y g e n  d e p l e t i o n  i n  s o l u t i o n .  The  
r a t e  o f  p r o d u c t i o n  o f  p h e n o l  a f t e r  
o x y g e n  d e p l e t i o n  c o r r e s p o n d s  t o  a 
y i e l d  o f  0 . 3 5 ,  w h i c h  i s  h i g h e r  t h a n  
t h a t  o b s e r v e d  i n  h e l i u m - s a t u r a t e d  
s o l u t i o n s .  T h i s  h i g h e r  r a t e  i s  c a u s e d  
by  t h e  p r e s e n c e  o f  h y d r o g e n  p e r o x i d e  
u n d e r g o i n g  d e c o m p o s i t i o n .  

The e f f e c t  of h y d r o g e n  p e r o x i d e  on 
p h e n o l  p r o d u c t i o n  i s  shown i n  F i g .  7.7. 
A r a p i d  i n i t i a l  r a t e  i s  i n d u c e d ,  
f o l l o w e d  by a h i g h e r  r a t e  o f  p r o d u c t i o n  
t h a n  t h a t  o b s e r v e d  i n  t h e  a b s e n c e  o f  
h y d r o g e n  p e r o x i d e .  W i t h  a n  i n i t i  a 1  
c o n c e n t r a t i o n  o f  h y d r o g e n  p e r o x i d e  o f  
111 pmoles p e r  l i t e r ,  t h e  l i n e a r  r a t e  
o f  p h e n o l  p r o d u c t i o n  c o r r e s p o n d s  t o  a 
y i e l d o f  0 .35 ,  which i s  t h e  y i e l d  shown 
i n  F i g .  7 .6 .  

Fig. 7.6 - Comparison of H,O, and 
Phenol Production in Air-Saturated 
Benzene Solutions. 

Fig. 7.7 - Effect of H,O, on Phenol 
Production in Helium-Saturated Benzene 
Solutions. 
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8. INSTRUMENTATION 

Edward F a i r s  t e i n  

PULSE GENERATOR 

A m e r c u r y - r e l a y  p u l s e  g e n e r a t o r  
f o r  t e s t i n g  a m p l i f i e r s  a n d  o t h e r  
equ ipmen t  ( F i g .  8 . 1 )  h a s  been  d e s i g n e d  
a n d  t e s t e d  w h i c h  h a s  some a d v a n t a g e s  
o v e r  o t h e r  t y p e s  now i n  u s e  a t  t h i s  
l a b o r a t o r y .  T h e  a d v a n t a g e s  o f  t h e  
u n i t  a r e :  

1. I t  i s  s m a l l  a n d  l i g h t ;  i t s  
d i m e n s i o n s  a r e  5 by  6 by 9 i n .  

2. I t  c o n t a i n s  n o  b a t t e r i e s .  

3.  I t  i s  d e s i g n e d  f o r  a n  e x t e r n a l  
t e r m i n a t i n g  r e s i s t a n c e  o f  1 0 0  
ohms or le'ss. T h i s  i s  a d v a n -  

and F r a n k  P o r t e r  

t a g e o u s  i n  t h a t  l o n g  l e n g t h s  
o f  l o w - i m p e d a n c e  c o n n e c t i n g  
c a b l e  may b e  u s e d  w i t h  n o  d e -  
g r a d a t i o n  o f  t h e  p u l s e  s h a p e .  
The  v o l t a g e  c a l i b r a t i o n  i s  i n -  
d e p e n d e n t  o f  t h e  t e r m i n a t i n g  
r e s i s t a n c e ,  f o r  r e s i s t a n c e s  o f  
1 0 0  ohms or l e s s .  Low-impedance 
u n c o m p e n s a t e d  a t t e n u a t o r  b o x e s  
may be u s e d  w i t h  t h e  u n i t .  

T h e  v o l t a g e  c a l i b r a t i o n  o f  t h e  
g e n e r a t o r  may be  c h e c k e d  w i t h  a n  e x -  
t e r n a l  d - c  v o l t m e t e r  or p o t e n t i o m e t e r  
( t h e  g e n e r a t o r  l o a d  m u s t  be  r e m o v e d  
when m a k i n g  t h i s  t e s t ) .  T h e  warm-up 
d r i f t  i s  l e s s  t h a n  0 .05%.  T h e  l o n g -  
t i m e  s t a b i l i t y  h a s  n o t  been  c h e c k e d .  

UNCLASSIFIED 
DWG. $3228 

WE 276D 
RELAY STANCOR 

P 6  

PULSE 

PULSE 
OUTPUT 

10-TURN MICRO- 
PER CONDENSER 

7 CALIBRATION 
OUTPUT 

F i g .  8.1 - Mercury-Relay Pulse Generator. 
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T h e  r i s e  t i m e  i s  l e s s  t h a n  0 . 0 0 7  
p s e c .  I f  t h e r e  i s  r i n g i n g  p r e s e n t ,  
i t  h a s  a p e r i o d  w h i c h  i s  l e s s  t h a n  
t h i s  f i g u r e .  With a 100-ohm l o a d ,  t h e  
f a l l  t i m e  i s  a b o u t  1 7 0 0  p s e c .  T h e  
f a l l  t i m e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  l o a d  r e s i s t a n c e .  E x t e r n a l  l o a d s  
o f  g r e a t e r  t h a n  1 0 0  ohms w i l l  c a u s e  
a v o l t a g e  c a l i b r a t i o n  e r r o r .  

C o n t a c t  p o t e n t i a l  d i f f e r e n c e s  
b e t w e e n  t h e  r e l a y  c o n t a c t s  c a u s e  
s p u r i o u s  p u l s e s  a s  t h e y  m a k e  a n d  
b r e a k .  T h e  c o n n e c t i o n s  as shown i n  
t h e  d i a g r a m  a p p e a r  t o  b e  o p t i m u m .  
The  s p u r i o u s  p u l s e s  f r o m  a new r e l a y  
a r e  u s u a l l y  less  t h a n  1 mv i n  a m p l i t u d e .  

SINGLE-CHANNEL DIFFERENTIAL 
DISCRIMINATOR 

The  s i n g l e - c h a n n e l  d i s c r i m i n a t o r  
p r e v i o u s l y  d e s c r i b e d ( ' )  h a s  b e e n  i n  
o p e r a t i o n  f o r  a s u f f i c i e n t  l e n g t h  o f  
t i m e  t o  o b t a i n  new i n f o r m a t i o n  a b o u t  
i t s  p e r f o r m a n c e .  

I t  was f o u n d  n e c e s s a r y  t o  r e p l a c e  
t h e  d i o d e s  i n  t h e  s h u n t - c o m p e n s a t i n g  
c i r c u i t s  o f  t h e  t r i g g e r  p a i r s  w i t h  
4.7K d a m p i n g  r e s i s t o r s .  I t  w a s  a l s o  
n e c e s s a r y  t o  s l i g h t l y  i n c r e a s e  t h e  
d e a d  t i m e  o f  t h e  l o w e r  t r i g g e r  p a i r  
by m e a n s  o f  a p o w d e r e d  i r o n  s l u g  i n  
t h e  c o m p e n s a t i n g  i n d u c t o r .  T h e s e  
c h a n g e s  m a t e r i a l l y  improved t h e  c i r c u i t  
o p e r a t i o n  a t  v e r y  h i g h  c o u n t i n g  r a t e s  
( 3  x 1 0 6  c o u n t s / m i n ) .  

T h e  c i r c u i t  h a s  u n f o r t u n a t e l y  
p roved  t o  be u n s t a b l e  f o r  l o n g  p e r i o d s  

( ' )E.  Fairs te in ,  I' A D i f f e r e n t i a l  and Integra; 
Pu l se -He ight  S e l e c t o r  f o r  t h e  A-1 A m p l i f i e r ,  
I n s t r u m e n t  D e p a r t m e n t  R e s e a r c h  and D e v e l o p m e n t  
Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  P e r i o d  Ending Jan- 
u a r y  2 0 ,  1951, ORNL-1021, p .  7 (June 25, 1951); 
a l s o  i n  C h e m i s t r y  D i v i s i o n  Q u a r t e r l y  P f o g r e s s  
R e p o r t  f o r  P e r i o d  E n d i n g  D e c e m b e r  3 1 ,  1 9 5 0 ,  
OFINL-1036, p .  65 (Sept.  10, 1951). 

o f  o p e r a t i o n .  B o t h  r a n d o m  a n d  u n i -  
f o r m  d r i f t s  o c c u r  i n  t h e  s l i t  w i d t h .  
The t r o u b l e  i s  c a u s e d  by t h e  e x t r e m e l y  
c l o s e  g r i d - t o - c a t h o d e  s p a c i n g  i n  t h e  
404A t u b e s .  I n t e r m i t t e n t  s h o r t s  c a u s e  
r a n d o m l y  s p a c e d  d r i f t s  o f  l a r g e  mag- 
n i t u d e .  S l o w  d r i f t s  a r e  a p p a r e n t l y  
c a u s e d  by  s l o w  c h a n g e s  i n  t h e  g r i d -  
t o - c a t h o d e  s p a c i n g .  I t  i s  e x p e c t e d  
t h a t  a n  a g i n g  p r o g r a m  f o r  t h e  t u b e s  
w i l l  m a t e r i a l l y  improve  t h e  r e l i a b i l i t y  
o f  t h e  c i r c u i t  b y  m a k i n g  i t  p o s s i b l e  
t o  i n s t a l l  s e t s  o f  t u b e s  w i t h  c l o s e l y  
m a t c h e d  d r i f t  r a t e s  a n d  b y  w e e d i n g  
o u t  t h o s e  t u b e s  w h i c h  d e v e l o p  s h o r t s .  
An a g i n g  r a c k  is  now b e i n g  c o n s t r u c t e d .  
O t h e r  t u b e  t y p e s  a r e  a l s o  b e i n g  i n -  
v e s t i g a t e d  w i t h  t h e  h o p e  t h a t  a d e -  
s i r a b l e  s u b s t i t u t i o n  c a n  be made. 

20-CHANNEL ENERGY ANALYZER 

A 2 0 - c h a n n e l  p u l s e - h e i g h t  a n a l y z e r  
h a s  b e e n  d e s i g n e d  a n d  i s  now u n d e r  
c o n s t r u c t i o n .  The u n i t  i s  e x p e c t e d  t o  
b e  a g e n e r a l - p u r p o s e  e n e r g y  a n a l y z e r ,  
a d a p t a b l e  t o  a l l  t h e  t y p e s  o f  e n e r g y  
m e a s u r e m e n t s  now b e i n g  made b y  d i f -  
f e r e n t i a l  d i s c r i m i n a t o r s .  

The  b a s i c  c i r c u i t  i s  t h a t  o f  t h e  
s i n g l e - c h a n n e l  u n i t  d e s c r i b e d  a b o v e .  
T h e  a n a l y z e r  w i l l  b e  u s e d  w i t h  a 
window a m p l i f i e r  s i m i l a r  t o  t h a t  u s e d  
i n  t h e  P h y s i c s  D i v i s i o n ,  t o  m i n i m i z e  
c h a n n e l  w i d t h  d r i f t .  

A c o n d e n s e r  s t o r a g e  c i r c u i t  w i l l  
b e  s u b s t i t u t e d  f o r  t h e  u s u a l l y  u s e d  
s c a l e r  c i r c u i t .  T h i s  w i l l  r e s u l t  i n  
a c o n s i d e r a b l e  s a v i n g  i n  s p a c e  a n d  
c o s t  a n d  a n  i n c r e a s e  i n  f l e x i b i l i t y  
o f  o p e r a t i o n .  The d a t a  w i l l  b e  a u t o -  
m a t i c a l l y  p l o t t e d  i n  t h e  f o r m  o f  a 
h i s t o g r a m  by a s t r i p - c h a r t  r e c o r d e r .  



10-CHANNEL ENERGY ANALYZER 

The A l l e n  B. Du Mont L a b o r a t o r i e s  
h a v e  m a d e  a v a i l a b l e  a 1 0 - c h a n n e l  
g a t i n g  t u b e  f o r  p u l s e - h e i g h t  a n a l y s i s  
a p p l i c a t i o n s .  The t u b e  t y p e  i s  K 1059,  
and t h e  o r i g i n a l  d e v e l o p m e n t  work was 
s p o n s o r e d  by t h e  U n i v e r s i t y  o f  C a l i -  
f o r n i a .  The  c l a i m s  f o r  i t  a r e  h i g h .  
If t h e  t u b e  m e e t s  s p e c i f i c a t i o n s ,  i t  
s h o u l d  b e  p o s s i b l e  t o  c o n s t r u c t  a 
v e r y  s t a b l e ,  r e l a t i v e l y  i n e x p e n s i v e  
e n e r g y  a n a l y z e r .  An e x p e r i m e n t a l  
c i r c u i t  u s i n g  t h i s  t u b e  h a s  b e e n  
d e s i g n e d  and i s  now u n d e r  c o n s t r u c t i o n .  

FOR PERIOD ENDING JUNE 30, 1951 

HIGH-VOLTAGE POWER SUPPLIES 

Two p o w e r - s u p p l y  d e s i g n s  a r e  b e i n g  
c o n s i d e r e d  w i t h  t h e  h o p e  t h a t  t h e s e  
w i l l  e v e n t u a l l y  become s t a n d a r d  e q u i p -  
ment f o r  t h e  C h e m i s t r y  D i v i s i o n .  One 
h a s  a n  o u t p u t  a d j u s t a b l e  b e t w e e n  5 0 0  
and 1500 v o l t s  f o r  u s e  w i t h  s c i n t i l l a -  
t i o n  c o u n t e r s ,  a n d  t h e  o t h e r  w i l l  b e  
a d j u s t a b l e  b e t w e e n  500  and 5000 v o l t s  
f o r  p r o p o r t i o n a l  c o u n t e r s .  E m p h a s i s  
is  b e i n g  p l a c e d  on t h o s e  d e s i g n  f a c t o r s  
w h i c h  r e s u l t  i n  s t a b l e  o p e r a t i o n  f o r  
l o n g  p e r i o d s  o f  t i m e .  
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