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INORGANIC CHEMISTRY U s i n g  t r a c e r  t e c h n i q u e s ,  t h e  a d -  
s o r p t i o n  o f  z i n c  f r o m  h y d r o c h l o r i c  

S o l i d  t h o r i u m  p e r c h l o r a t e  p r e -  a c i d  s o l u t i o n s  ( 0 . 1  to12 M )  by Dowex-1 
p a r e d  by f u m i n g  t h o r i u m  n i t r a t e  h y -  i n d i c a t e s  t h e  a n i o n  t o  be ZnC14'. A 
d r a t e  t o  d r y n e s s  w i t h  p e r c h l o r i c  a c i d  maximum o f  a d s o r b a b i l i t y  o c c u r s  n e a r  
is f o u n d  t o  be p a r t i a l l y  h y d r o l y z e d .  3 M HC1. 
T h e  f o r m u l a  T h ( O H ) 2 ( C 1 0 4 ) 2  o r  
T h O ( C l O , ) , . H , O  a p p r o x i m a t e s  t h e  
c o m p o s i t i o n  d e t e r m i n e d  b y  s e v e r a l  
me thods  o f  a n a l y s i s .  

By u l t r a c e n t r i f u g a t i o n  t h e  p o l y -  
m e r i z a t i o n  o f  z i r c o n i u m  [ 0 . 0 5  M 
Zr(1V) i n  0 . 1  M HC1-1.9 M NaCl s o l u -  
t i o n ]  a p p e a r s  t o  b e  l e s s  ( m o l  w t  
a b o u t 1 0 0 0 ) t h a n  i n  p e r c h l o r a t e  medium 
o f  e q u a l  a c i d i t y .  Z i r c o n i u m  ( 0 . 1 2  M 
i n  1 M H C l 0 , - l  M N a C 1 0 4 )  i s  s t i l l  
m o n o d i s p e r s e  a t  a h i g h e r  c o n c e n t r a t i o n  
a n d  c a r r i e s  a s u b s t a n t i a l  c h a r g e .  
The unknown s i z e  o f  t h i s  c h a r g e  makes 
a d e f i n i t e  a s s i g n m e n t  o f  m o l e c u l a r  
w e  i g h  t d o u b t  f u 1. 

The s o l u b i l i t y  o f  z i r c o n i u m ( 1 V )  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  a n d  
l i t h i u m  c h l o r i d e  s o l u t i o n s ,  a n d  t h e  
s o l i d  p h a s e s  s e p a r a t i n g  i n  t h e s e  
s o l u t i o n s  a r e  b e i n g  s t u d i e d .  

The c a t i o n  a d s o r p t i o n  of  z i n c  a t  
e q u i l i b r i u m  w i t h  D o w e x - 5 0  a t  r o o m  
t e m p e r a t u r e  h a s  b e e n  s t u d i e d  i n  HC1 
a n d  HC10, s o l u t i o n s  ( 0 . 1  t o  5 MI. 
The  a d s o r b a b i l i t y  i n  c h l o r i d e  s o l u -  
t i o n  i s  a p p r o x i m a t e l y  t h e  same a s  i n  
p e r c h l o r a t e  s o l u t i o n s  a t  low i o n i c  
s t r e n g t h  (p=O.OS) b u t  i s  less t h a n  i n  
p e r c h l o r a t e  a t  h i g h  i o n i c  s t r e n g t h .  
The i n v e s t i g a t i o n  i s  b e i n g  e x t e n d e d  
t o  h i g h e r  t e m p e r a t u r e s .  

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

Tc207 i- H20 =HTc04'1237 H 2 0  (0.045 M ) ,  

& = - 11.6 kca l/mole. 

T h e  h e a t  o f  f o r m a t i o n  o f  T c 2 0 7  i s  
b e i n g  i n v e s t i g a t e d .  Tc02 h a s  b e e n  
p r e p a r e d  by h e a t i n g  NH4Tc04, a n d  t h e  
f o r m u l a  o f  F r i e d  w a s  v e r i f i e d  b y  

( S )  ( 1 )  

d i s s o l v i n g  TcO, i n  e x c e s s  c e r i c  s o l u -  
t i o n  a n d  b a c k  t i t r a t i n g  w i t h  i o d i d e  
s o l u  t i o n ,  

The f r e e z i n g - p o i n t  d e p r e s s i o n s  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  a r e  b e i n g  
i n v e s t i g a t e d  u s i n g  a T h e r m i s t o r  t h a t  

3Ce+, i- 2 H20 -t TcO, = 3Ce+3 -I- Tc04- -t 4H'. i s  a c c u r a t e  t o  O.O1"C f o r  m e a s u r i n g  
t e m p e r a t u r e .  (S 1 
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A t t e m p t s  t o  p r e p a r e  T c 0 3  h a v e  n o t  
s u c c e e d e d ,  b u t  f u r t h e r  e f f o r t s  a r e  
p l a n n e d .  Redox p o t e n t i a l s  a r e  b e i n g  
s t u d i e d .  The  m a g n e t i c  s u s c e p t i b i l i -  
t i e s  o f  NH4Tc04, T c 2 0 , ,  T c 0 2 ,  and  Tc 
w i l l  be measu red .  

N e w  e x p e r i m e n t s  a r e  p l a n n e d  i n  t h e  
s t u d y  o f  e x c h a n g e  B r 2 - B r O , '  u s i n g  
b r o m i n e  -82  a s  t r a c e r .  

NUCLEAR CHEMISTRY 

T h e  d e c a y  s c h e m e  a n d  gamma r a y  
e n e r g i e s  o f  g a l l i u m - 6 7  p r e p a r e d  by  
p r o t o n  b o m b a r d m e n t  o f  z i n c  i n  t h e  
ORNL 8 6 - i n .  c y c l o t r o n  have  been  s t u d -  
i e d .  The  p r e s e n t  r e s u l t ,  w h i c h  i s  
o f  s u f f i c i e n t  a c c u r a c y  f o r  t h e r a p e u t i c  
u s e ,  w i l l  b e c h e c k e d  by o t h e r  me thods .  

The a b s o l u t e  a n d  r e l a t i v e  f i s s i o n  
y i e l d s  o f  xenon and  k r y p t o n  have  been  
r e d e t e r m i n e d  by  d i s s o l v i n g  H a n f o r d  
s l u g s  i n  h y d r o c h l o r i c  a c i d  s o l u t i o n :  
x e n o n - 1 3 5 ,  6 . 1 % ;  t h e  two  i s o m e r s  o f  
k r y p t o n ,  1 . 5 1 % .  C o r r e c t e d  f i s s i o n -  
y i e l d  c u r v e s  a r e  shown. 

F i n a l  p u r i f i c a t i o n  o f  t e c h n e t i u m  
f r o m  C h a l k  R i v e r  m e t a l  w a s t e s  i s  
b e i n g  e f f e c t e d  by  d i s t i l l a t i o n  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  
and  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  
f rom s u l f u r i c  a c i d  s o l u t i o n  r e f l u x e d  
i n  a q u a r t z  s t i l l  a t  300°C t o  d e s t r u c  
t i o n  o f  a l l  o r g a n i c  m a t t e r .  I n t e n s i t y  
o f  c o l o r  o f  s u c c e s s i v e  s a m p l e s ,  
r o u g h l y  p r o p o r t i o n a l  t o  t h e  c o n c e n -  
t r a t i o n  o f  t e c h n e t i u m ,  i s  t o  be  a t -  
t r i b u t e d  t o  h y d r a t i o n  r a t h e r  t h a n  t o  
o x i d a t i o n  s t a t e s .  

2 
RADIO-ORGANIC CHEMISTRY 

Radiation, Analytical, and Prepar- 
ative Chemistry 

Radiation c h e m i s t r y .  The e f f e c t s  
o f  gamma r a d i a t i o n  f r o m  a c o b a l t - 6 0  
s o u r c e  u p o n  l a b e l e d  a c e t i c  a $ c i d  i n  

a q u e o u s  s o l u t i o n  h a v e  b e e n  s t u d i e d .  
P r e l i m i n a r y  i d e n t i f i c a t i o n s  o f  t h e  
p r o d u c t s  o f  t h e  a c t i o n  of t h e  r a d i a -  
t i o n  h a v e  b e e n  made by  p a p e r  c h r o m a -  
t o g r a p h y .  The gamma- r a d i a  t i o n  i n d u c e d  
s y n t h e s i s  o f  s u c c i n i c - 2 , 3 - C i 4  a c i d  
f r o m  a c e t i c - 2 - C 1 4  a c i d  h a s  b e e n  i n -  
ve s t i ga t e  d .  

Analytical chemistry. S y n t h e t i c  
m i x t u r e s  o f   formic-^'^, a c e t i c - 1 ~ ~ ~  
b u t y r i c  -1 -C' 4 ,  and  v a l e r i c  -1 -C' a c i d s  
were s e p a r a t e d  c h r o m a t o g r a p h i c a l l y  
a s  t h e i r  d i e t h y l a m i n e  s a l t s .  T h i s  
work was c a r r i e d  o u t  a s  a n  a i d  t o  t h e  
i d e n t i f i c a t i o n  of t h e s e  compounds  i n  
s o l u t i o n s  w h i c h  have  b e e n  i r r a d i a t e d  
w i t h  a c o b a l t - 6 0  s o u r c e .  

P r e p a r a  t i v e  chemis try. B u t y r i c  - 
l - C 1 4  a c i d ,  2 1 . 1  mc, a n d  v a l e r i c - l -  
C" a c i d ,  8 . 6 4  mc, were p r e p a r e d  b y  
c o n v e n t i o n a l  G r i g n a r d  s y n t h e s e s .  Some 
p r o c e d u r e s  l e a d i n g  t o  t h e  s y n t h e s i s  
o f  v a l e r i c - 2 - C "  a c i d  a n d  t r i m e t h y l -  
C i 4 - a c e t i c  a c i d  were d e v e l o p e d .  T h e s e  
compounds  w i l l  be u s e d  i n  r a d i a t i o n  
c h e m i s t r y  s t u d i e s .  

Isotope E f f e c t  Studies. The c a r -  
bon-14  i s o t o p e  e f f e c t  was s t u d i e d  f o r  
s e v e r a l  r e a c t i o n s ,  w i t h  t h e  f o l l o w i n g  
r e s u l t s :  A n o r m a l  i s o t o p e  e f f e c t  i s  
i n d i c a t e d  when t h e  s o d i o  d e r i v a t i v e s  
o f  1- a n d  1 , Z - s u b s t i t u t e d  f l u o r e n e s  
a r e  c a r b o n a t e d  w i t h c a r b o n - 1 4  d i o x i d e ,  
a n d  i n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  
m e r c u r o u s  f o r m a t e - C 1 4 .  N o  i s o t o p e  
e f f e c t  i s  i n d i c a t e d  i n  a r e a c t i o n  o f  
p - n i t r o p h e n y l d i a z o n i u m  c h l o r i d e  w i t h  
b ~ t a d i e n e - l - c ' ~ ,  i n  t h e  D i e l s - A l d e r  
r e a c t i o n  o f  2 , 3 - d i m e t h y l b u t a d i e n e  
w i t h  f i - n ' i t r ~ s t y r e n e - a - C ' ~ ,  and  i n  t h e  
a d d i t i o n  of  w a t e r  t o  d i p h e n y l  ( a c e t -  
y l e n e - ~ - ~ ' ~ ) .  

I n  a d d i t i o n ,  t h e  c a r b o n - 1 3  i s o t o p e  
e f f e c t  i n  t h e  d e h y d r a t i o n  o f  f o r m i c -  
C13  a c i d  h a s  b e e n  measured  t o  be  a b o u t  
o n e - h a l f  t h e  c a r b o n - 1 4  e f f e c t  i n  
f o r m i c - C "  a c i d  a t  t h e  same t e m p e r a -  
t u r e .  
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S t u d i e s  o n  t h e  M e c h a n i s m s  o f  
O r g a n i c  R e a c t i o n s  

Isotope-exchange reactions involv- 
ing the carbon-carbon bond. I s o t o p e -  
e x c h a n g e  s t u d i e s  w i t h  c a r b o n - 1 4  
l a b e l e d  r e a c t a n t s  h a v e  s h o w n  t h a t  
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  i r r e v e r s i b l e .  N e i t h e r  e x t r e m e  
a c t i v a t i o n  n o r  d e a c t i v a t i o n  o f  t h e  
a r o m a t i c  s y s t e m  by t h e  i n t r o d u c t i o n  
o f  g r o u p s  h a s  been  found  t o  f a c i l i t a t e  
e x c h a n g e .  

A number o f  b a s e - c a t a l y z e d  a l d o l -  
t y p e  c o n d e n s a t i o n s  have  been  found t o  
by r e v e r s i b l e  by t h i s  e x c h a n g e  t e c h -  
n i q u e .  

E f f e c t  of a l u m i n u m  c h l o r i d e  o n  
ethylbenzene. The e t h y l  g r o u p ,  l a -  
b e l e d  w i t h  c a r b o n - 1 4  i n  t h e  b e t a  
p o s i t i o n  t o  t h e  r i n g ,  u n d e r g o e s  n o  
i s o m e r i z a t i o n  when e t h y l b e n z e n e  i s  
c o n v e r t e d  by  a l u m i n u m  c h l o r i d e  t o  
d i e  t h y 1  b e n z e n e .  E t h y  1 -p-C' c h l  or i d e  , 
which  unde rwen t  n o  i s o m e r i z a t i o n  when 
condensed  w i t h  b e n z e n e ,  was i s o m e r i z e d  
q u i c k l y  i n  t h e  a b s e n c e  o f  t h e  a r o -  
m a t i c  compound. 

Test for the reversibility of the 
sulfuric acid dehydration of f o r m i c  
acid. An a t t e m p t e d  exchange  r e a c t i o n  
be tween c a r b o n - 1 4  monoxide and f o r m i c  
a c i d  i n  s u l f u r i c  a c i d  s o l u t i o n  h a s  
d e m o n s t r a t e d  t h a t  t h e  r e v e r s i b i l i t y  
o f  t h e  f o r m i c  a c i d  d e h y d r a t i o n  r e -  
a c t i o n  is n e g l i g i b l e .  

Displacement of the benzoyl group 
f r o m  phenyl 9 - f  luorenyl ketone. The 
e x i s t e n c e  o f  a n  e q u i l i b r i u m  b e t w e e n  
9-benzoyl-9-fluorenylcarbino1, p h e n y l  
9 - f  l u o r e n y l  k e t o n e ,  a n d  f o r m a l d e h y d e  
h a s  b e e n  d e m o n s t r a t e d  by  c h e m i c a l  
m e t h o d s  a n d  b y  c a r b o n - 1 4  e x c h a n g e  
s t u d i e s .  

R e a r r a n g e m e n t s  o f  z - D i k e t o n e s .  
Methy l  p h e n y l  d i k e t o n e  h a s  been  shown 
t o  r e a r r a n g e  t o  a t r o l a c t i c  a c i d  i n  

a l k a l i n e  s o l u t i o n  by 1 0 0 %  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 s e  r e s u l t s ,  
w h i c h  a r e  i d e n t i c a l  w i t h  t h o s e  o b -  
t a i n e d  i n  t h e  r e a r r a n g e m e n t  of  a,%- 
d i b r o m o p r o p i o p h e n o n e ,  i n d i c a t e  t h e  
p o s s i b i l i t y  t h a t  t h e  d i k e t o n e  i s  t h e  
i n t e r m e d i a t e  i n  t h e  c o n v e r s i o n  o f  
t h e  d i b r o m i d e  t o  a t r o l a c t i c  a c i d .  

S t r u c t u r e  D e t e r m i n a t i o n  S t u d i e s .  
M o d e l  e x p e r i m e n t s  h a v e  b e e n  c o m -  
p l e t e d  f o r  t h e  s t r u c t u r e  p r o o f  o f  
1 -me t h y l p h e n a n t h r e n e  - 9  ( 1 0 )  - C : ,  a n d  
c h r y s e n e - 5 , 6 - C i 4 .  

CHEMISTRY OF SEPARATIONS PROCESSES 

S t u d y  o f  t h e  r emova l  o f  p r o t a c t i n -  
i um f r o m  ThF, b y  v o l a t i l i z a t i o n  a t  
h i g h  t e m p e r a t u r e s  h a s  b e e n  c o n t i n u e d .  
C o v o l a t i l i z a t i o n  w i t h  P t F ,  a t  600°C 
e n h a n c e s  t h e  r e m o v a l  a n d  s u g g e s t s  
i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  o f  
o t h e r  v o l a t i l e  f l u o r i d e s .  

The d e s i r e  t o  p r o c e s s  D20 s o l u t i o n s  
u s e d  i n  t h e  h o m o g e n e o u s  r e a c t o r  b y  
i o n  e x c h a n g e  i n  r e s i n s  or o r g a n i c  
s o l v e n t s  i n  w h i c h  o n l y  t h e  r e a d i l y  
r e p l a c e a b l e  h y d r o g e n  a t o m s  a r e  
d e u t e r a t e d  r a i s e d  a q u e s t i o n  a s  t o  
t h e  e x t e n t  o f  u n d e s i r e d  e x c h a n g e  
b e t w e e n  D 2 0  and  o r d i n a r y  h y d r o g e n  i n  
t h e  o r g a n i c  p h a s e  u n d e r  r a d i a t i o n .  
E x p e r i m e n t s  h a v e  b e e n  s t a r t e d  t o  
d e t e r m i n e  t h e  e x c h a n g e  by m e a s u r i n g  
t h e  wa te r  d e n s i t y .  

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

D i b e n z o y l m e t h a n e  i s  f o u n d  t o  b e  
much l e s s  e f f e c t i v e  t h a n  TTA ( t h e n o y l -  
t r i f l u o r o a c e t o n e )  i n  e x t r a c t i n g  ~ r + ~  
or UO,+~ f rom a q u e o u s  s o l u t i o n .  

The c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  
f rom i t s  t h e n o y  1 t r  i f l u o r o a c e  t o n e  
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m e t a l  c h e l a t e s  i n  d i f f e r e n t  s o l v e n t s  
b y  a s e r i e s  o f  s o l i d  a d s o r b e n t s  was 
i n v e s t i g a t e d  ( T a b l e  1 0 ) .  

S e l f - d i f f u s i o n  o f  s e v e r a l  t y p e s  o f  
i o n s  h a s  been  s t u d i e d  i n  Dowex-SO t y p e  
s u l f o n i c  a c i d  c a t i o n  e x c h a n g e r s ,  i n  
Dowex-1 t y p e  a n i o n  e x c h a n g e r s ,  and  i n  
a c h e l a t i n g  r e s i n  e x h i b i t i n g  h i g h  
s p e c i f i c i t y  f o r  t r a n s i t i o n  g r o u p  
e l e m e n t s .  

CHEMICAL PHYSICS 

The c r y s t a l  s t r u c t u r e  o f  KDF, a n d  
o f  KHF, h a s  b e e n  i n v e s t i g a t e d  b y  
n e u t r o n  d i f f r a c t i o n .  T h e  u s e  o f  
s i n g l e  c r y s t a l s  i s  a d v a n t a g e o u s  and  
e l i m i n a t e s  t h e  n e e d  o f  d e u t e r a t e d  
compounds .  The  r e s u l t s  s u p p o r t  t h e  
s i n g l e  p o t e n t i a l  minimum i n  a g r e e m e n t  
w i t h  t h e  t h e r m o d y n a m i c  s t u d y  o f  
W e s t r u m  a n d  P i t z e r .  W o r k  i s  i n  
p r o g r e s s  on t h e  s t r u c t u r e  o f  ammonium 
c h l o r i d e ,  v i t r e o u s  s i l i c a ,  p a l l a d i u m  
a n d  p l a t i n u m  o x i d e s ,  a n d  p o t a s s i u m  
d i h y d r o g e n  p h o s p h a t e .  

P r e l i m i n a r y  e x p e r i m e n t s  t oward  t h e  
u s e  o f  m o l e c u l a r  beams  i n  c h e m i c a l  
k i n e t i c s  a r e  b e i n g  c o n t i n u e d .  

R a d i o  f r e q u e n c y  s p e c t r o s c o p y  i s  
b e i n g  u s e d  t o  s t u d y  q u a d r u p o l e  c o u -  
p l i n g  a t  low t e m p e r a t u r e s .  F r e q u e n -  
c i e s  a r e  r e p o r t e d  ( T a b l e  15) a t  7 7 ,  
20, a n d  4 ° K  f o r  t e n  c h l o r i n e  a n d  
f l u o r i n e  s u b s t i t u t i o n  p r o d u c t s  o f  
methane a n d  f o r  Cl,. Q u a d r u p o l e  
t r a n s i t i o n s  were a l s o  d e t e r m i n e d  f o r  
C1F and C lF , ,  AsCl, ,  S iC1, .  The r a t i o  
o f  q u a d r u p o l e  moments o f  c h l o r i n e - 3 5  
a n d  c h l o r i n e - 3 7  ( 1 . 2 6 8 7 8 )  i s  now i n  
good a g r e e m e n t  w i t h  t h a t  o f  o t h e r s .  

A new t y p e  o f  s p e c t r a l  l i n e s  i n -  
s e n s i t i v e  t o  a m a g n e t i c  f i e l d  h a v e  
b e e n  d i s c o v e r e d  b u t  n o t  y e t  i n t e r -  
p r e t e d .  They  a r e  n u m e r o u s ,  b r o a d l y  
d i s t r i b u t e d  o v e r  a wide  s p e c t r a l  a r c ,  
a n d  q u i t e  v a r i a b l e  i n  i n t e n s i t y .  

They  have  b e e n  o b s e r v e d  i n  s e v e r a l  o f  
t h e  compounds u n d e r  i n v e s t i g a t i o n .  

I n  t h e  c a l o r i m e t r i c  measu remen t  o f  
t h e  h e a t  e v o l v e d  i n  t h e  r a d i o a c t i v e  
d e c a y  o f  c a r b o n - 1 4 ,  c o n t a i n e d  a s  C140,  
i n  a m i x t u r e  wi thC1 'O2,  t h e  p e r c e n t a g e  
o f  C140, i n  t h e  m i x t u r e  was d e t e r m i n e d  
w i t h  a g a s - d e n s i t y  b a l a n c e .  T h e  
a p p a r a t u s  and  t e c h n i q u e  o f t h e  m e a s u r e -  
ment  a r e  d e s c r i b e d .  F i n a l  e v a l u a t i o n  
o f  t h e  r e s u l t s  h a s  n o t  y e t  been  made. 

RADIATION CHEMISTRY 

The v a r i o u s  a q u e o u s  u r a n y l  s o l u -  
t i o n s  which  m i g h t  be u s e d  i n  ahomoge-  
n e o u s  r e a c t o r  a r e  b e i n g  i r r a d i a t e d  
t o  d e t e r m i n e  t h e  c h e m i c a l  r e a c t i o n s  
i n d u c e d ,  e s p e c i a l l y  t h e  l i b e r a t i o n  
of g a s .  By s w e e p i n g  a s o l u t i o n  d u r -  
i n g  gamma r a d i a t i o n  w i t h  h e l i u m  g a s ,  
SO, w a s  r e m o v e d  a n d  m e a s u r e d  f r o m  
18 a n d  11 M H,SO,; none  was d e t e c t e d  
f r o m  0 . 4  M H,SO, or 1 . 2 5  M UO,SO, 
s o l u t i o n .  

I r r a d i a t i o n  i n  t h e  Oak R i d g e  p i l e  
o f  n a t u r a l  u r a n i u m  s u l f a t e  a n d  f l u o -  
r i d e  i n  c o n c e n t . r a t i o n s  o f  4 4 . 6  a n d  
2 9 7  g U / l i t e r  were made a t  t e m p e r a -  
t u r e s  o f  3 0 ,  1 0 0 ,  and  150°C ( T a b l e  1 7 ) .  
The y i e l d  of  h y d r o g e n  ( a b o u t  1 m o l e -  
c u l e / 1 0 0  e v )  i s  c o n s i d e r a b l y  l o w e r  
t h a n  u n d e r  a l p h a  r a d i a t i o n  o f  a q u e o u s  
s o l u t i o n s .  T h e  i n i t i a l  e x c e s s  o f  
h y d r o g e n  o v e r  o x y g e n  ( d u e  t o  t h e  
f o r m a t i o n  o f  H,O,) i s  h i g h e s t  u n d e r  
c o n d i t i o n s  o f  g r e a t e r  s t a b i l i t y  o f  
H,O?, n a m e l y  l o w e r  t e m p e r a t u r e  a n d  
r a d i a t i o n  i n t e n s i t y .  E n e r g y  a b s o r p -  
t i o n  was 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 .  
S i l i c a  c o n t a i n e r s  were u s e d .  

The s t u d y  o f  t h e  e f f e c t  o f  gamma- 
r a d i a t i o n  o n  t h e  c a t a l y s t  ZnO i n  
i n d u c i n g  t h e  r e a c t i o n  b e t w e e n  H, a n d  
C 2 H 4  h a s  b e e n  c o n t i n u e d .  P o s i t i v e  
r e s u l t s  h a v e  b e e n  o b t a i n e d  s h o w i n g  
d i m i n u t i o n  o f  t h e  c a t a l y t i c  a c t i v i t y ,  
t h o u g h  d e f i n i t e  p r o o f  of t h e  n a t u r e  
o f  t h e  e f f e c t  o f  X - r a y s  on t h e  ZnO 
h a s  n o t  y e t  been  o b t a i n e d .  
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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  h a s  b e e n  o p -  
e r a t e d  a t  2100°C. 

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

T h e  i r r a d i a t i o n  o f  y e l l o w  a n d  
r e d  p lumbous  o x i d e  w i t h  u l t r a v i o l e t ,  
X, a n d  gamma r a y s  was f o u n d  n o t  t o  
l e a d  t o  a p h a s e  t r a n s f o r m a t i o n  f r o m  
y e l l o w  t o  r e d  a s  h a d  b e e n  r e p o r t e d  
i n  t h e  l i t e r a t u r e  b u t  t o  t h e  p r o d u c -  
t i o n  o f  c o l o r  c e n t e r s  e a s i l y  r emov-  
a b l e  by s l i g h t  h e a t ,  a n d ,  i n  t h e  c a s e  
o f  u l t r a v i o l e t  l i g h t ,  t o  some c h e m i c a l  
decompos i t i  on .  

The i r r a d i a t i o n  o f  sodium b i t a r t r a t e  
a n d  a r s e n o u s  o x i d e  i n  t h e  c o b a l t  
gamma-ray s o u r c e  d i d  n o t  d e s t r o y  t h e  
c r y s t a l  s t r u c t u r e ,  a n d  i s  t h u s  d i s -  
t i n c t  f r o m  e f f e c t s ,  p r e v i o u s l y  r e -  
p o r t e d ,  o f  r e a c t o r  and  a l p h a - p a r - t i c l e  
i r r a d i a t i o n .  

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

INSTRUMENTATION 

The e f f i c i e n c y  o f  t h e  s c i n t i l l a -  
t i o n  c o u n t e r  f o r  gammar ray  c o u n t i n g  
h a s  been  t e s t e d  i n  d e t a i l  ( F i g s .  18 ,  
1 9 , a n d  2 0 ) .  A c r y s t a l  o f  s o d i u m  
i o d i d e  a c t i v a t e d  w i t h  t h a l l i u m  b e s t  
meets t h e  r e q u i r e m e n t s  o f  h i g h  d e n -  
s i t y ,  l a r g e  l i g h t  o u t p u t  p e r  u n i t  o f  
gamma e n e r g y  l o s t  i n  t h e  c r y s t a l ,  
a n d  good  o p t i c a l  p r o p e r t i e s .  I t  i s  
r e c o m m e n d e d  t h a t  m e a s u r e m e n t s  o f  
r a d i o a c t i v i t y  o f  l i q u i d  or s o l i d  
Samples  s h o u l d  b e m a d e  by gamma c o u n t -  
i n g  whenever  p o s s i b l e .  

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

d e t e r m i n e  t h e  d e a d  t i m e  o f  a n  a m p l i -  
f i e r  or s c a l e r .  T h e  a d v a n t a g e s  o f  
t h e s e  methods  a r e  compared w i t h  t h o s e  
o f  t h e  t w o  m e t h o d s  p r e v i o u s l y  u s e d  
(Figs. 2 1  and 2 2 ) .  

Two power s u p p l i e r s  f o r  s c i n t i l l a -  
t i o n  c o u n t i n g  a r e  d e s c r i b e d .  T h e  
h i g h - v o l t a g e  o u t p u t  o f  one  i s  p o s i -  
t i v e  a n d  o f  t h e  o t h e r  n e g a t i v e ,  w i t h  
r e s p e c t  t o  t h e  g r o u n d .  A u n i t  t o  
s u p p l y  b o t h  p o l a r i t i e s  i s  n o t  f e a s i b l e .  
C i r c u i t  d i a g r a m s  a r e  shown  i n  F i g s .  
23 and  2 4 .  

REACTOR CHEMISTRY 

D a t a  f o r  t h e  s o l u b i l i t y  o f  UO, i n  
H,PO, s o l u t i o n s  a t  250°C a r e  shown i n  
T a b l e  2 1 .  The  c o m p o s i t i o n  o f  s o l u -  
t i o n  a n d  s o l i d  p h a s e  a r e  a l s o  g i v e n  
f o r  room t e m p e r a t u r e ,  2 0 0 ,  and  260°C.  

D e t e r m i n a t i o n  o f  t h e  s o l u b i  li t y  o f  
l a n t h a n u m  a n d  y t t r i u m  s u l f a t e s  h a s  
been  e x t e n d e d  t o  1 . 2 6  f l  UO,SO,. I n -  
v e s t i g a t i o n s  a r e  a l s o  i n  p r o g r e s s  on 
t h e  s o l u b i l i t y  o f  c e s i u m ,  c e r i u m ,  
a n d  z i r c o n i u m  s u l f a t e s  i n  1 . 2 6  M 
UO,SO,. A d d i t i o n a l  s t u d i e s  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  i n  u r a n y l  s u l f a t e  s o l u t i o n s  
i n c l u d e s  SrSO,, Ag,SO, , Zr(S04 ) , a n d  
Ru, (SO, 1 , .  

The  c o n d u c t i v i t y  o f  UO,SO, s o l u -  
t i o n s  f r o m  0 . 0 5  t o  1 . 2 5  M h a s  b e e n  
d e t e r m i n e d  a t  25°C. 

T h e  v a p o r  p r e s s u r e  o f  0 . 1 2 6  a n d  
1 . 2 6  M UO,SO, h a s  been  m e a s u r e d  f r o m  
2 0 0  t o  350°C.  D a t a  a n d  d e t a i l s  w i l l  
be r e p o r t e d  i n  t h e  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  f o r  t h e  
p e r i o d  e n d i n g  November 1 5 ,  1 9 5 1 .  

E x p e r i m e n t s  on s t a b i l i t y  of UO,SO, 
s o l u t i o n s  u n d e r  d i f f e r e n t  c o n d i t i o n s  
o f  t e m p e r a t u r e ,  c o n c e n t r a t i o n ,  r a d i a -  
t i o n ,  a n d  g a s  v o l u m e  a n d  p r e s s u r e  
d i s c l o s e d  t h a t  t h e  u r a n y l  i o n  c a t a l y -  
z e s  t h e  r e c o m b i n a t i o n  o f  hydrogen  and  
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o x y g e n  i n  s o l u t i o n .  A s e a r c h  f o r  
o t h e r  p o l y v a l e n t  i o n s  h a v i n g  t h e  
s a m e  p r o p e r t y  r e v e a l e d  t h a t  t h e  
c u p r i c  i o n  a t  low c o n c e n t r a t i o n  ( u p  
t o  4 0 0  ppm) e x e r t s  a much g r e a t e r  
c a t a l y t i c  e f f e c t  t h a n  u r a n y l  i o n  
( 1 3 5 , 0 0 0  t imes t h a t  of UOat t ) .  O t h e r  
i o n s  a r e  now u n d e r  i n v e s t i g a t i o n .  

A s u r v e y  o f  t h e  s t a b i l i t y  o f  f u e l  
s o l u t i o n s  i n  c o n t a c t  w i t h  m e t a l l i c  
t i t a n i u m ,  z i r c o n i u m ,  a n d  p r e t r e a t e d  
s t a i n l e s s  s t e e l  h a s  b e e n  m a d e  i n  
q u a r t z  ampou les  a t  250°C. 

U r a n i u m - 2 3 5  e n r i c h m e n t  o f  UO,SO, 
s o l u t i o n s  r a i s e s  t h e  e q u i l i b r i u m  
p r e s s u r e  o f  h y d r o g e n  and  oxygen owing  
t o  t h e  g r e a t e r  p r o p o r t i o n  o f  f i s s i o n  
e n e r g y .  

I n  p u r s u a n c e  of e l e c t r o c h e m i c a l  
c o r r o s i o n  s t u d i e s  an  a t t e m p t  i s  b e i n g  

made t o  d e v e l o p  a h i g h -  t e m p e r a t u r e  
r e f e r e n c e  e l e c t r o d e .  T h r e e  s y s t e m s  
a r e  b e i n g  t r i e d :  Pb/PbSO,; Ag/Ag,SO, ; 
and Pt/PbO, + PbSO, . 

T h e  m e c h a n i s m  o f  t h e  c o r r o s i o n  
p r o c e s s  o f  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  a t  250°C 
is  b e i n g  i n v e s t i g a t e d  e l e c t r o c h e m i -  
c a l l y .  The  c o r r o s i o n  p r o d u c t s ,  t h e  
s o l u t i o n  c h a n g e s ,  a n d  t h e  g a s e s  
e v o l v e d  h a v e  b e e n  m e a s u r e d .  T h e  
a n o d i c  a n d  c a t h o d i c  r e a c t i o n s  h a v e  
b e e n  s t u d i e d .  The p r e s e n c e  o f  oxygen  
t e n d s  t o  s u p p r e s s  c o r r o s i o n  a n d  p r o -  
mote  s e l f - h e a l i n g  o f  t h e  p r o t e c t i v e  
f i l m .  R a p i d  movement o f  t h e  s o l u t i o n  
s t i f l e s  s e l f - h e a l i n g  by r e m o v i n g  t h e  
m e t a l  i o n s  b e f o r e  t h e y  c a n  r e p r e c i p i -  
t a t e  i n  p l a c e .  G a s  a n a l y s i s  i s  t h e  
b e s t  means o f  f o l l o w i n g  t h e  c o r r o s i o n  
p r o c e s s .  

. 
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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 

INORGANIC 

C H A R A C T E R I Z A T I O N  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  

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

S o l i d  t h o r i u m  p e r c h l o r a t e  p r e p a r e d  
by f u m i n g  t h o r i u m  n i t r a t e  h y d r a t e  t o  
d r y n e s s  w i t h  p e r c h l o r i c  a c i d  a t  2 0 0  
t o  2 1 5 ° C  h a s  b e e n  f o u n d  t o  b e  p a r -  
t i a l l y  h y d r o l y z e d .  I t s  c o m p o s i t i o n  
i s  a p p r o x i m a t e l y  Th(OH) ,  (C10, l 2  or 
ThO(C10 , )  ;H,O, a s  d e t e r m i n e d  f r o m  
t h e  a n a l y s e s :  ( 1 )  t h o r i u m ,  by p r e -  
c i p i t a t i o n  and i g n i t i o n  o f  t h e  o x a l a t e  
t o  t h e  d i o x i d e ,  a n d  ( 2 )  h y d r o x y l  (or 
h y d r o x y l  e q u i v a l e n t ) ,  by  t i t r a t i o n  
w i t h  a c i d .  I n  a d d i t i o n ,  p e r c h l o r a t e  
h a s  b e e n  d e t e r m i n e d  by two  m e t h o d s .  
The  f i r s t  m e t h o d  c o n s i s t e d  o f  p r e -  
c i p i t a t i n g  and  w e i g h i n g  a s  t h e  t e t r a -  
p h e n y l a r s o n i u m  s a l t .  T h e  s e c o n d  
i n v o l v e d  a b s o r p t i o n  o f  t h e  t h o r i u m  
on a c a t i o n - e x c h a n g e  r e s i n  a n d  t i t r a -  
t i o n  o f  t h e  e l u t e d  h y d r o g e n  i o n .  
T h e s e  a n a l y s e s  i n d i c a t e d  a s i m i l a r  
f o r m u l a .  H o w e v e r ,  t h e  r e s u l t s  o b -  
t a i n e d  t h u s  f a r  i n  t h e s e  l a t t e r  meas- 
u r e m e n t s  a r e  n o t  s u f f i c i e n t l y  c o n -  
c o r d a n t  f o r  r e p o r t i n g  i n  d e t a i l .  

I t  is p l a n n e d  t o  c o n t i n u e  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  (TTA) s y s t e m ,  a s  p r e -  
v i o u s l y  o u t l i n e d , (  ‘I upon  c o m p l e t i o n  
o f  t h i s  i n v e s t i g a t i o n  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 .  

(‘)W. C. Waggener and R.  W .  Sjoughton, “Aqueous- 
Benzene-PA Extraction Method, Chemistry Druis ion 
Quarterly Pro ress Report for Period Ending March 
31, 1951, ORNf-1053, p .  18 .  

SEPTEMBER 30, 1951 

CHEMISTRY 

U L T R A C E N T R I F U G A L  E X P E R I M E N T S  

J .  S. J o h n s o n  K. A .  K r a u s  

21 R C O N I  UM S O L U T I O N S  

An e q u i l i b r i u m  u l t r a c e n t r i f u g a l  
r u n  on  a b o u t  0 . 0 5  M Z r ( I V )  i n  0 . 1  M 
HCL-1.9 M N a C l  s o l u t i o n  i n d i c a t e d  
t h a t  t h e  z i r c o n i u m  was p r e s e n t  i n  a 
m i x t u r e  o f  s p e c i e s  w i t h  a n  a v e r a g e  
m o l e c u l a r  w e i g h t  o f  a b o u t  1 0 0 0 .  The  
z i r c o n i u m  t h u s  a p p e a r s  to b e  l e s s  
p o l y m e r i z e d  i n  c h l o r i d e  t h a n  i n  p e r -  
c h l o r a t e  med ia  o f  t h i s  a c i d i t y . ( ’ )  

A r u n  o f  a b o u t  0 . 1 2  M Zr i n  1 M 
HC10,-1 M NaC10, i n d i c a t e d  t h a t  t h e  
z i r c o n i u m  i s  s t i l l  e s s e n t i a l l y  mono- 
d i s p e r s e  a t  t h i s  h i g h e r  c o n c e n t r a t i o n ,  
a n d  t h a t  a s  b e f o r e  i n  c h l o r i d e - f r e e  
s o l u t i o n s  t h e  p o l y m e r s  c a r r y  a s u b -  
s t a n t i a l  c h a r g e .  The unknown s i z e  o f  
t h i s  c h a r g e  makes a d e f i n i t e  a s s i g n -  
ment o f  m o l e c u l a r  w e i g h t  t o  t h e  p o l y -  
mers d o u b t f u l .  T h e r e  seems l i t t l e  
q u e s t i o n ,  h o w e v e r ,  t h a t  c o n t i n u o u s  
p o l y m e r i z a t i o n  o f  t h e  t y p e  p o s t u l a t e d  
by C o n n i c k  a n d  Reas f o r  s i m i l a r  c o n -  
d i t  i o n s  d o e s  n o t  o c c u r .  ( 3  ) 

T H O R I U M  S O L U T I O N S  

S t u d i e s  o f  t h e  d e g r e e  o f  p o l y -  
m e r i z a t i o n  o f  t h o r i u m ( 1 V )  h y d r o l y s i s  
p r o d u c t s  a r e  u n d e r  way. 

( 2 ) J .  S.  Johnson and K .  A. Kraus, “Ul tracen-  
t r i f u g e  S tud ies  o f  Inorganic Systems, ” loc .  cit, 
p. 18. 

( 3 ) R .  F .  Connick and We. H .  R e a s ,  ’The Hy- 
d r o l y s i s  and P o l y m e r i z a t f p n  of Z i r c o n i u m  i n  
P e r c h l o r i c  Acid S o l u t i o n s ,  J. A m .  Chen. SOC. , 
73, 1171 (1951). 
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S O L U B I L I T Y  OF Z I R C O N I U M ( 1 V )  
I N  C H L O R I D E  S O L U T I O N S  

J .  S. J o h n s o n  K .  A .  Kraus  

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  o n  t h e  s o l u b i l i t y  o f  
z i r c o n i u m ( 1 V )  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  a n d  l i t h i u m  c h l o r i d e  
s o l u t i o n s .  I t  i s  h o p e d  t h a t  t h e  
m e a s u r e m e n t s  w i l l  y i e l d  e v e n t u a l l y  
some i n f o r m a  t i o n  r e g a r d i n g  t h e  s p e c i e s  
e x i s t i n g  i n  t h e  s o l u t i o n s .  I t  was  
found t h a t  i n  m o d e r a t e l y  c o n c e n t r a t e d  
s o l u t i o n s  t h e  s o l u b i l i t y  o f  z i r c o -  
n i u m ( 1 V )  i s  c o n s i d e r a b l y  l o w e r  i n  
l i t h i u m  c h l o r i d e  t h a n  i n  h y d r o c h l o r i c  
a c i d .  F o r  b o t h  med ia  t h e  s o l u b i l i t y  
a p p e a r s  t o  go t h r o u g h  a minimum n e a r  
9 M c h l o r i d e .  

T h e  s o l i d  p h a s e s  s e p a r a t i n g  f r o m  
b o t h  h y d r o c h l o r i c  a c i d  a n d  l i t h i u m  
c h l o r i d e  s o l u t i o n s  h a v e  b e e n  s u b -  
m i t t e d  t o  t h e  X - r a y  g r o u p  for i d e n t i -  
f i c a t i o n .  A c c o r d i n g  t o  E l l i s o n  a n d  
B r e d i g ,  t h e  p h a s e s  s e p a r a t i n g  f r o m  
b o t h  s o l u t i o n s  a p p e a r  t o  be t h e  same.  
H o w e v e r ,  t h e r e  i s  some q u e s t i o n  a s  
t o  w h e t h e r  t h e  p h a s e  s e p a r a t i n g  f r o m  
t h e  s o l u t i o n  i s  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  on  p a r t i a l  d r y i n g  o f  t h e  
s a m p l e s .  

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

MEASUREMENT O F  F R E E Z I N G - P O I N T  D E -  
P R E S S I O N S  OF U R A N Y L  F L U O R I D E  

J .  S. J o h n s o n  K .  A .  Kraus  

E q u i p m e n t  i s  b e i n g  a s s e m b l e d  t o  
m e a s u r 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  
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 .  E a r l i e r  
d a t a  by  S e c o y ( 4 )  i n d i c a t e d  t h a t  t h e  

(4)C.  H. Secoy, “The Mean A c t i v i t y  Coeff ic ieQtz  
of Uranyl  F l u o r i d e  i n  Water S o l u t i o n s  a t  25 , 
Chemis t ry  D i v i s i o n  Q u a r t e r l y  Progress  Repor t  for 
Per iod  Ending June 30,  1950, ORNL-795, p. 20.  

f r e e z i n g - p o i n t  d e p r e s s i o n s  o f  u r a n y l  
f l u o r i d e  were a b n o r m a l l y  l o w .  T h e  
p r e c i s i o n  o f  t h e  d a t a  a t  h i g h  u r a n y l  
f l u o r i d e  c o n c e n t r a t i o n s ,  h o w e v e r ,  
was n o t  s u f f i c i e n t  t o  p e r m i t  a n  u n -  
e q u i v o c a l  i n t e r p r e t a t i o n  i n  terms o f  
a s s o c i a t i o n  c o n s t a n t s  a n d  a c t i v i t y  
c o e f f i c i e n t s  o f  u n d i s s o c i a t e d  u r a n y l  
f l u o r i d e .  ( ’  

It i s  p l a n n e d  t o  m e a s u r e  t e m p e r a -  
t u r e s  w i t h  a T h e r m i s t o r  w h i c h  h a s  a 
t e m p e r a t u r e  c o e f f i c i e n t  o f  r e s i s t a n c e  
o f  a p p r o x i m a t e l y  5 % / ° C ( 6 ) .  T h e  
T h e r m i s t o r ,  wh ich  h a s  a r e s i s t a n c e  o f  
a p p r o x i m a t e l y  0 . 5  megohm, i s  p u t  i n  
s e r i e s  w i t h  a l-megohm r e s i s t o r ,  a n d  
t h e  v o l t a g e  d r o p  a c r o s s  t h e  T h e r m i s t o r  
i s  m e a s u r e d  w i t h  a v i b r a t i n g  r e e d .  
I t  a p p e a r s  p o s s i b l e  t o  r e p r o d u c e  
f r e e z i n g - p o i n t  d e p r e s s i o n  t o  a b o u t  
0 .01”C.  C a l i b r a t i o n  o f  t h e  T h e r m i s t o r  
w i t h  r e s p e c t  t o  a p l a t i n u m - r e s i s t a n c e  
the rmomete r  i s  now i n  p r o g r e s s .  

A N I O N  E X C H A N G E  OF Z I N C  I N  
C H L O R I D E  S O L U T I O N S  

F. N e l s o n  K. A .  Kraus  

W o r k  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  z i n c  i n  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  ( 0 . 1  t o  12  M )  h a s  b e e n  e x -  
t e n d e d ,  and  d i s t r i b u t i o n  c o e f f i c i e n t s  
have  been measu red  w i t h  Dowex-1 u s i n g  
t r a c e r  t e c h n i q u e s .  T h e  r e s u l t s  a r e  
s h o w n  i n  F i g .  1. As w i t h  m o s t  o f  
t h e  t r a n s i t i o n  e l e m e n t s ,  a d s o r b a b i l i t y  
o f  z i n c  f rom 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  s o l u t i o n  i s  c o n s i d e r a b l y  l o w e r  
t h a n  w i t h  i r o n ( I I 1 )  or g a l l i u m ( I I I ) ,  
s u g g e s t i n g  t h a t  t h e  a d s o r b e d  s p e c i e s  
h a s  a h i g h e r  c h a r g e  t h a n  m i n u s  o n e  
( p r o b a b l y  Z n C 1 4 = ) .  The a d s o r b a b i l i t y  

(”K. A. Kraus and J. S. Johnson, “Undissociated 
S p e c i e s  and Dimerizat ion i n  A ueous S o l u t i o n s  of 
Uranyl  F l u o r i d e ,  ’* C h e n i s t r  B i v i s i o n  Q u a r t e r l y  
Pro ress Repor t  f o r  P e r i o d  i n d i n g  June 30, 2951, 
ORNf - 11 16. 

( 6 ) J .  A.  Becker, C. B. Green,. and G;, L. Pearson, 
Be Z Z  Sys tem “ P r o p e r t i e s  and uses of Thermistors ,  

Tech. J., 26, 170 (194’7). 
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goes t h r o u g h  - a maximum n e a r  3 M HC1, 
w h e r e  Z n C 1 4 -  i s  p r o b a b l y  t h e  p r i n -  p r e s s i o n  
c i p a l  s p e c i e s  i n  s o l u t i o n .  A m o r e  

b e i n g  made. K,", = 

p r e d i c t e d  f r o m  t h e  m a s s  a c t i o n  e x -  

d e t a i l e d  a n a l y s i s  o f  t h e  d a t a  i s  ( Z ~ + + ) , ( H , O + ) ~  

( Z n t t  (H3Ot);  
UNCLASSIFIED 

DWG. 13246 

where  KUm' is  t h e  mass a c t i o n  c o n s t a n t ,  
t h e  p a r e n t h e s e s  i n d i c a t e  c o n c e n t r a -  
t i o n s ,  a n d  t h e  s u b s c r i p t  r i n d i c a t e s  
t h e  r e s i n  p h a s e .  The  d e v i a t i o n s  o f  

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

- K,; f rom c o n s t a n c y  ( F i g .  2 )  a r e  p r o b -  

A s  a l s o  shown i n  F i g .  1, t h e  a d -  
s o r b a b i l i t y  i n  c h l o r i d e  s o l u t i o n s  i s  
a p p r o x i m a t e l y  t h e  s a m e  a s  i n  p e r -  
c h l o r a t e  s o l u t i o n s  a t  l o w  i o n i c  
s t r e n g t h  ( p  = 0 . 0 5 ) ,  a n d  i t  i s  l e s s  
t h a n  t h a t  i n  p e r c h l o r a t e  s o l u t i o n s  
a t  h i g h  i o n i c  s t r e n g t h .  T h i s  d e -  
c r e a s e d  a d s o r b a b i l i t y  i s  p r o b a b l y  due  
t o  c h l o r i d e  c o m p l e x i n g  o f  z i n c ( I 1 ) .  
A more d e t a i l e d  i n t e r p r e t a t i o n  i s  i n  

I I 1 I I l i l t  I I I I I I I I I  
1.0 10.0 

MOLALITY OF HCI 

F i g .  1 .  Absorption o f  Z i n c  ( 1 1 )  
by Dowex-1 from HC1 Solut ions .  

CATION EXCHANGE OF ZINC IN CHLORIDE 
A N D  PERCHLORATE SOLUTIONS 

p r o g r e s s .  . 

E x p e r i m e n t s  a r e  now u n d e r  way t o  
s t u d y  t h e  r e l a t i v e  a d s o r b a b i l i t y  i n  
p e r c h l o r a t e  a n d  c h l o r i d e  s o l u t i o n s  
a t  e l e v a t e d  t e m p e r a t u r e s ,  i n  a n  a t -  
t e m p t  t o  e v a l u a t e  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 s  o f  t h e  e q u i l i b r i a .  

CHEMISTRY O F  TECHNETIUM 

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

R .  A .  P l a n e ,  K .  A .  K r a u s  
CALORIMETRY OF TECHNETIUM COMPOUNDS 

The a d s o r b a b i l i t y  o f  z i n c  by t h e  
c a t i o n - e x c h a n g e r  Dowex-50  h a s  b e e n  
s t u d i e d  i n  h y d r o c h l o r i c  a c i d  a n d  
p e r c h l o r i c  a c i d  s o l u t i o n s  i n  t h e  
r a n g e  0 . 1  t o  5 M u s i n g  e q u i l i b r a t i o n s  
a t  room t e m p e r a t u r e .  

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

Heat o f  S o l u t i o n  of  T c , O , .  T h e  
h e a t  of s o l u t i o n  o f  t e c h n e t i u m  h e p t o x -  
i d e  i n  w a t e r  t o  form d i l u t e  s o l u t i o n s  
o f  p e r t e c h n i c  a c i d  i s  b e i n g  s t u d i e d  
a s  p a r t  o f  t h e  p r o g r a m  o f  c o l l e c t i o n  
o f  t h e r m o d y n a m i c  d a t a  o n  t e c h n e t i u m  

* P r o f e s s o r  of  C h e m i s t r y ,  U n i v e r s i t y  o f  
Tennessee , and ORNL Consul t a n  t. 
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El 

+ HCI, 25°C 
HCIO,, 25°C 

A HCI, 59.5OC 
0 HCIO,, 59.5'C 

I '  I I I I I I I I I  I I I I I I I I I  I I I I 1 1 1  

0. I I .o IO .Ol 
M GI' or CtO; 

F i g .  2. C a t i o n  Exchange  o f  Z i n c  i n  C h l o r i d e  a n d  P e r c h l o r a t e  S o l u t i o n s  a t  
25OC and  5 9 . 5 O C  (Tracer L o a d i n g ) .  

c o m p o u n d s .  A m i c r o c a l o r i m e t e r  was  
c o n s t r u c t e d  f r o m  a 5 0 - m l  Dewar f l a s k  
w h i c h  was f i t t e d  w i t h  a g r o u n d - g l a s s  
s t o p p e r  i n t o  w h i c h  t w o  p i e c e s  o f  
g l a s s  t u b i n g  were s e a l e d  t o  p r o v i d e  
i n l e t s  f o r  a m o t o r - d r i v e n  s t i r r e r  and  
a q u a r t z - e n c l o s e d ,  c a l i b r a t e d ,  p l a t -  
i n u m - r e s i s t a n c e  t h e r m o m e t e r .  T h e  
w h o l e  a s s e m b l y  was  s u b m e r g e d  6 i n .  
below t h e  l e v e l  o f  a l a r g e  t h e r m o s t a t  
( c o n t r o l l e d  t o  + O .  002°C)  t o  m i n i m i z e  
t h e r m a l  l e a k a g e .  The  a p p a r a t u s  h a s  
a t h e r m a l - l e a k  modulus  o f  2 . 4  x 
m i n - l ,  or a b o u t  0 . 1  c a l / m i n - d e g ,  s o  
t h a t  t e m p e r a t u r e  c h a n g e s  of -0.2 d e g  
may b e  m e a s u r e d  t o  &1%. T h i s  c o r -  
r e s p o n d s  t o  a h e a t  m e a s u r e m e n t  o f  
a b o u t  1 0  t o  2 0  c a l  t o  t h e  same a c -  

c u r a c y .  T h e  c a l o r i m e t e r  was  c a l i -  
b r a t e d  b y t h e  h e a t  e v o l v e d  upon b r e a k -  
i n g  a w e i g h e d  amount  ( a b o u t  1 m l )  o f  
1 N HC1 c o n t a i n e d  i n  a t h i n  b u l b  i n t o  
a b o u t  30-1111 o f  a s o l u t i o n  o f  NaOH 
(.1 m i l l i e q u i v a l e n t ,  s l i g h t  e x c e s s  
o v e r  t h e  HC1).  

P r e l i m i n a r y  e x p e r i m e n t s  have  g i v e n  
a v a l u e  o f  - 1 1 . 6  & 1 k c a l / m o l e  f o r  
t h e  f o l l o w i n g  r e a c t i o n :  

!k = - 1 1 . 6  kcal/rnole. 

By a n a l o g y  t o  p e r r h e n i c  a c i d ,  t h e  

10  
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8 

h e a t  o f  d i l u t i o n  o f  w h i c h  i s  n e g l i -  
g i b l e  a t  t h i s  c o n c e n t r a t i o n ,  ( 7 )  i t  i s  
p o s s i b l e  t o  w r i t e  

t h a t  t h e  f o l l o w i n g  r e a c t i o n  p r o p o s e d  
by  F r i e d  i s  s u b s t a n t i a l l y  c o r r e c t :  

NH, Tc 0, ->%N + Tc02 t 2H20. 

AH = -11.6 k 0 . 1  k c a l / m o l e .  

T h e  t e c h n e t i u m  h e p t o x i d e  s a m p l e s  
d i s s o l v e d  were a b o u t  200 mg. 

Heat of  Formation o f  Tc207* P r e p -  
a r a t i o n s  t o  m e a s u r e  t h e  h e a t  o f  f o r -  
m a t i o n  o f  T c 2 0 7  f r o m  i t s  e l e m e n t s  
a r e  b e i n g  made. A p r o c e d u r e  b a s e d  on 
t h e  w o r k  o f  R o t h  a n d  B e c k e r ( * )  o n  
r h e n i u m  w i l l  i n v o l v e  t h e  c o m b u s t i o n  
o f  t e c h n e t i u m  m e t a l  i n  p a r a f f i n  o i l  
w i t h  3 0  a t m  o f  o x y g e n .  P a r a f f i n  o i l  
i s  n e c e s s a r y  s i n c e  t h e  e l e m e n t  b u r n s  
r a t h e r  s l o w l y  u n l e s s  a h i g h  i g n i t i o n  
t e m p e r a t u r e  i s  p r o v i d e d .  The h e a t  o f  
f o r m a t i o n  o f  t h e  TcO,' i o n  may b e  
c a l c u l a t e d  f rom t h e  h e a t  o f  f o r m a t i o n  
a n d  s o l u t i o n  o f  t h e  h e p t o x i d e .  An 
e s t i m a t e  o f  t h e  f r e e  e n e r g y  of fo rma-  
t i o n  may b e  made u s i n g  a r e a s o n a b l e  
e n t r o p y  o f  f o r m a t i o n .  

PREPARATION OF TECHNETIUM OXIDES 

T c 0 2 .  F r i e d ( g )  h a s  r e p o r t e d  t h e  
p r e p a r a t i o n  o f  a b l a c k  lower  o x i d e  o f  
t e c h n e t i u m  formed by h e a t i n g  NH,Tc04, 
w h i c h  was a s s u m e d  t o  b e  TcO,.  T h i s  
a s s u m p t i o n  h a s  b e e n  v e r i f i e d  q u a n t i -  
t a t i v e l y .  About  2 0  mg of  NH,TcO, was 
h e a t e d  f o r  a b o u t  1 h r  i n  a s e a l e d  
q u a r t z  t u b e  a t  s l o w l y  i n c r e a s i n g  
t e m p e r a t u r e s  u p  t o  300OC. T h e  am- 
monium s a l t  f i r s t  began  t o  v o l a t i l i z e  
and  t h e n  was r a p i d l y  decomposed  i n t o  
a j e t  b l a c k  m a t e r i a l .  On c o o l i n g ,  
d r o p s  o f  w a t e r  were formed s u g g e s t i n g  

(?)W. A .  Roth  ;nd G. Becker ,  "Phys ica l  Chern- 
istr  of Rhenium, 2. p h y s i k .  Chern., A159, 27-3z 
(1933);  "Heats  of Formation or Rhenium O x i d e s , .  
i b i d . ,  415-16. 

( 8 ) I b  i d .  
("S. Fr ied  e t  a l . ,  p r i v a t e  communication. 

T h e  b l a c k  p r o d u c t  c a n  b e  d i s s o l v e d  
by h e a t i n g  i t  i n  a n  e x c e s s  o f  c e r i c  
s u l f a t e  s o l u t i o n .  When 3 . 1 8  mg o f  
t h e  p r o d u c t  was d i s s o l v e d  i n  a n  e x -  
c e s s  o f  s t a n d a r d  c e r i c  s o l u t i o n  a n d  
back  t i t r a t e d  w i t h  s t a n d a r d  i o d i d e  an  
e q u i v a l e n t  w e i g h t  o f  44.0, was f o u n d .  
I f  t h e  o x i d a t i o n  r e a c t i o n  were l o g i -  
c a l l y  assumed t o  be 

t h e  m o l e c u l a r  w e i g h t  would be  132  k l ;  
t h e  f o r m u l a  w e i g h t  f o r  TcO, i s  1 3 1 .  

A j e t  b l a c k  m a t e r i a l  o f  s i m i l a r  
a p p e a r a n c e  was a l s o  formed when a c i d i c  
s o l u t i o n s  o f  p e r t e c h n e t a t e  were r e -  
d u c e d  b y  a m a g n e s i u m  r i b b o n .  T h e  
f o r m u l a  f o r  t h i s  compound, p re sumab ly  
a l s o  T c 0 2 ,  h a s  y e t  t o  be d e t e r m i n e d .  

The d i r e c t  p o t e n t i o m e t r i c  t i t r a t i o n  
o f  Tc ,O , ($ )  w i t h  c e r i c  i o n  i s  a v e r y  
s l o w  p r o c e s s  a n d  d o e s  n o t  a p p e a r  t o  
be  s u i t a b l e  f o r  i t s  d i r e c t  a n a l y s i s .  
I t  h a s ,  however ,  p r o v i d e d  a n  e s t i m a -  
t i o n  o f  t h e  p o t e n t i a l  f o r  t h e  T c 0 , -  
Tc0,- c o u p l e  of - 0 . 6  v .  

TcO,. A t t e m p t s  t o  p r e p a r e  TcO, by 
r e d u c t i o n  o f  Tc,O, w i t h  d r y  d i o x a n e  
i n  a m a n n e r  a n a l o g o u s  t o  t h a t  r e p o r t e d  
f o r  r h e n i u m ( " )  h a v e  n o t  b e e n  s u c -  
c e s s f u l .  On o n e  o c c a s i o n  Tc,O, w a s  
r e o b t a i n e d .  On a n o t h e r  o c c a s i o n  a 
r e d  m a t e r i a l  was formed t h a t  d i s s o l v e d  
i n  w a t e r  t o  g i v e  a t r a n s i e n t  r e d  
s o l u t i o n ,  r e m i n i s c e n t  o f  HTcO,, which  
a l m o s t  i m m e d i a t e l y  d e c o m p o s e d  t o  
g i v e  a b l a c k  p r e c i p i t a t e  (TcO, ? ) .  
By a n a l o g y  t o  r h e n i u m ,  TcOJ m i g h t  be 

('')A. D. Melaven e t  a l . ,  Inor a n i c  S n t h e s i s  
(New York: McGraw-Hill Book Co., !950), 5, 186. 
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e x p e c t e d  t o  d i s p r o p o r t i o n a t e  i n  a c i d i c  
aqueous  s o l u t i o n s :  

A t t e m p t s  t o  p r e p a r e  TcO, by  g a s e o u s  
r e d u c t i o n  o f  T c 2 0 ,  (s d i r e c t l y  w i t h  
c a r b o n  monoxide a r e  p l a n n e d .  

REDOX POTENTIALS 

C e l l s  of  t h e  t y p e  
I I 

I I 
and  

I 1 
KTcO, I KC1 I 

KOH I KNO, I 
P t / T c O ,  ; 1 I KOH; H,(g,/pt, 

I 1 

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

TcO, + 2H,O = Tc0,  t 4Ht t 3e'. 

An i d e n t i f i c a t i o n  o f  t h e  s o l i d  TcO, 
p r e p a r a t i o n s  by means o f  t h e ' i r  X - r a y  
d i f f r a c t i o n  p a t t e r n s  w i l l  be  made i n  
o r d e r  t o  a v o i d  t h e  s o r t  o f  t r o u b l e  
e x p e r i e n c e d  w i t h  v a r i o u s  c r y s t a l l i n e  
m o d i f i c a t i o n s  and  i m p e r f e c t  compounds 
t h a t  h a v e  c o m p l i c a t e d  m e a s u r e m e n t s  
o f  t h e  Mn02-Mn04- c o u p l e .  

MAGNETIC S T U D I E S  OF TECH- 
NETIUM COMPOUNDS 

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

The a p p a r a t u s  f o r  m e a s u r i n g  mag- 
n e t i c  s u s c e p t i b i l i t i e s  h a s  b e e n  a s -  
s e m b l e d  a n d  t e s t e d .  C a l i b r a t i o n  
e x p e r i m e n t s  a r e  i n  p r o g r e s s  u s i n g  
s m a l l  s a m p l e s  o f  FeSO,(NH,),So, *6H,O,  
MnSO, -4H,O, and  Pt . Owing t a  v a r i o u s  
b r e a k d o w n s  and  l e a k s ,  t h e s e  e x p e r i -  
men t s  have  n o t  b e e n  c o m p l e t e d .  How- 
e v e r ,  t h e y  s h o u l d  be f i n i s h e d  s h o r t l y  
and  t h e  t e c h n e t i u m  e x p e r i m e n t s  s t a r t e d .  
The f i r s t  s a m p l e s  t o  be measu red  w i l l  

be  o f  NH,TcO,, T c , ~ , ,  TcO,, a n d  T c .  
O t h e r  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  
w i l l  b e  s t u d i e d  a s  s o o n  a s  m e t h o d s  
f o r  t h e i r  p r e p a r a t i o n  c a n  b e  w o r k e d  
o u t .  

Br, - B r O , '  EXCHANGE USING 

0. E .  Myers 
BROMINE-82  A S  TRACER 

D i s c u s s i o n  w i t h  R.  H .  B e t t s  o f  t h e  
C h a l k  R i v e r  P r o j e c t  h a s  r e v e a l e d  t h a t  
h i s  e x p e r i m e n t a l  work (" )  on Br,-BrO,- 
e x c h a n g e  a n d  t h e  w o r k  a t  t h i s  l a b -  
o r a t o r y  a r e  i n  good a g r e e m e n t .  B e t t s  
h a s  n o t  b e e n  a b l e  t o  c o r r e l a t e  i s o -  
t o p i c - e x c h a n g e  d a t a  w i t h  k i n e t i c  and  
t h e r m o d y n a m i c  d a t a  on  t h e  s e v e r a l  
o x i d a t i o n  s t a t e s  o f  b r o m i n e ,  b u t  
f u r t h e r  d i s c u s s i o n  w i t h  B e t t s ,  H .  
T a u b e ,  a n d  J .  W .  K e n n e d y ,  a n d  a d e -  
t a i l e d  m a t h e m a t i c a l  a n a l y s i s  have  r e -  
s u l t e d  i n  a new a p p r o a c h  t o  t h e  p r o b -  
lem. It now a p p e a r s  t h a t  t h e  c o r r e -  
l a t i o n  may be made w i t h  some a d d i t i o n a l  
e x p e r i m e n t a l  work .  

The  e x c h a n g e  i s  c o n s i d e r e d  t o  i n -  
v o l v e  t h e  f o l l o w i n g  r e a c t i o n s :  

HBr + HBrO, = HBrO + HBrO,, ( 1 )  
( 2  1 
( 3  1 

HBr + HBrO, = 2HBr0,  
HBr -t HBrO = Br,  + H,O, 

The  k i n e t i c  d a t a  c a n  b e  a c c o u n t e d  
f o r  r e a s o n a b l y  w e l l  i f  o n e  a s s u m e s  
t h a t  b o t h  r e a c t i o n s  1 a n d  2 a r e  s low 
a n d  t h a t  t h e y  a r e  o f  t h e  same o r d e r  
o f  m a g n i t u d e .  P r e s e n t  e v i d e n c e  a l l  
b u t  e x c l u d e s  t h e  p o s s i b i l i t y  t h a t  
r e a c t i o n  2 i s  a p p r e c i a b l y  f a s t e r  t h a n  
r e a c t i o n  1 u n d e r  t h e  c o n d i t i o n s  u s e d  
i n  t h i s  work .  R e a c t i o n  3 i s  as sumed  
t o  be a l w a y s  a t  e q u i l i b r i u m .  

I f  r e a c t i o n  2 i s  s l o w ,  t h e n  t h e r e  
s h o u l d  e x i s t  a n  a p p r e c i a b l e  c o n c e n -  
t r a t i o n  o f  HBrO, d u r i n g  t h e  c o u r s e  
o f  t h e  r e a c t i o n ;  i f  i t  c a n  b e  d e -  
t e c t e d , t h i s  p i c t u r e  o f  t h e  e n t i r e  
k i n e t i c  s y s t e m  c a n  be v e r i f i e d .  

("'R. H. B e t t s  and A. N. MacKenzie, " I s o t o p i c  
Reacti,ons i n  t h e  Sys temBromine-Bromate-Hypobromous 
Acid, Can. J. Cher . ,  29,  655-66 (1951) .  
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FOR PERIOD ENDING SEPTEMBER 30, 1951 

NUCLEAR CHEMISTRY 

D E C A Y  S C H E M E  OF G A L L I U M - 6 ' 7  

A .  R .  B r o s i  B. H .  K e t t e l l e  
H. Z e l d e s  

T h e  M e d i c a l  D i v i s i o n  o f  t h e  Oak 
R i d g e  I n s t i t u t e  f o r  N u c l e a r  S t u d i e s  
h a s  been  i n t e r e s t e d  f o r  some t i m e  i n  
t h e  p o s s i b l e  u s e  o f  g a l l i u m  r a d i o -  
i s o t o p e s  i n  r a d i o t h e r a p y .  T h e i r  
i n t e r e s t  r e c e n t l y  h a s  b e e n  i n  g a l -  
l i u m - 6 7 ,  w h i c h  h a s  b e e n  p r o d u c e d  i n  
h i g h  s p e c i f i c  a c t i v i t y  b y  p r o t o n  
bombardment o f  z i n c  i n  t h e  ORNL 8 6 - i n .  
cyc  l o t r o n .  A l t h o u g h  t h i s  i s o t o p e  was 
d i s c o v e r e d  i n  1 9 3 8  a n d h a s  b e e n  s t u d i e d  
by  s e v e r a l  w o r k e r s , ( ' )  t h e  d a t a  a r e  
n o t  c o m p l e t e  e n o u g h  t o  p e r m i t  c a l -  
c u l a t i o n  o f  r a d i a t i o n  d o s a g e s .  A 
m o r e  c o m p l e t e  s t u d y  o f  g a l l i u m - 6 7  
i s  r e p o r t e d  be low.  

T h e  s c  i n  t i  1 l a  t i  on  - s  p e  c t r o m e  t e r  
gamma s p e c t r u m  s h o w s  t h e  d e f i n i t e  
p r e s e n c e  of a p r e v i o u s l y  u n r e p o r t e d  
3 9 0 - k e v  gamma r a y ,  a s  w e l l  a s  t h e  
p r o b a b l y  p r e s e n c e  of a n  800-kev  gamma 
r a y  i n  low i n t e n s i t y .  The s p e c t r o m -  
e t e r  d a t a  a l s o  show t h a t  t h e  1 8 0 - k e v  
gamma r a y  h a s  a h i g h e r  i n t e n s i t y  t h a n  
t h e  s u m  o f  t h e  3 9 0 -  a n d  2 9 7  k e v  
t r a n s i t i o n s .  The t h i n - l e n s  s p e c t r o m -  
e t e r  d a t a  show t h a t  o n l y  t h e  9 4 - k e v  
gamma r a y  i s  i n t e r n a l l y  c o n v e r t e d  t o  
a n  a p p r e c i a b l e  e x t e n t .  T h e r e f o r e ,  
t h e  1 8 0 - k e v  t r a n s i t i o n  c a n n o t  termi- 
n a t e  a t  t h e  3 9 0 - k e v  l e v e l  i n  z i n c - 6 7  
a s  p r e v i o u s l y  p r o p o s e d .  

I n  o r d e r  t o  c h e c k  t h i s  c o n c l u s i o n  
c o i n c i d e n c e s  were m e a s u r e d  b e t w e e n  
t h e  c o n v e r s i o n  e l e c t r o n s  of  t h e  9 4 -  
a n d  1 8 0 - k e v  gamma r a y s .  S i n c e  n o  
t r u e  c o i n c i d e n c e s  were f o u n d ,  t h e  
a b o v e  c o n c l u s i o n  t h a t  t h e  1 8 0 - k e v  
t r a n s i t i o n  d o e s  n o t  t e r m i n a t e  a t  t h e  
3 9 0 - k e v  l e v e l  was s u p p o r t e d .  S i n c e  

(')K. Way, "Nuclear Data," NBS Circular 499. 

t h e  sum o f  t h e  e n e r g i e s  o f  t h e  9 4 -  
and  2 9 7 - k e v  t r a n s i t i o n s  i s  t h e  same 
a s  t h a t  o f  t h e  3 9 0 - k e v  t r a n s i t i o n ,  
t h i s  l a t t e r  gamma r a y  p r o b a b l y  r e -  
s u l t s  f r o m  a c r o s s o v e r  t r a n s i t i o n ,  
and  c o i n c i d e n c e s  b e t w e e n  t h e  9 4 -  a n d  
297-kev  gamma r a y s  s h o u l d  be e x p e c t e d .  
C o i n c i d e n c e  m e a s u r e m e n t s  b e t w e e n  t h e  
c o n v e r s i o n  e l e c t r o n s  of  t h e  9 4 -  a n d  
2 9 7 - k e v  gamma r a y s  showed  t h a t  t r u e  
c o i n c i d e n c e s  o c c u r r e d .  H o w e v e r ,  
t h e  number  o f  s u c h  c o i n c i d e n c e s  was  
l o w e r  by  a n  o r d e r  o f  m a g n i t u d e  t h a n  
wou ld  be  e x p e c t e d  f r o m  t h e  c o u n t i n g  
y i e l d s  o f  t h e  two r a d i a t i o n s .  

F u r t h e r  w o r k  s h o w e d  t h a t  t r u e  
c o i n c i d e n c e s  a l s o  o c c u r r e d  when t h e  
297-kev  gamma-ray p u l s e s  were d e l a y e d .  
A s e r i e s  o f  m e a s u r e m e n t s  w i t h  d i f -  
f e r e n t  d e l a y  l i n e s  s h o w e d  t h a t  t h e  
94-kev  t r a n s i t i o n  was f rom a m e t a s t a -  
b l e  l e v e l  t h a t  d e c a y e d  w i t h  a n  8 . 5 - p  
s e c  h a l f - l i f e .  I n  a d d i t i o n  t o  t h e  
d e l a y e d  2 9 7 - k e v - g a m m a  c o n v e r s i o n -  
e l e c t r o n  c o i n c i d e n c e s ,  prompt  180-kev  
gamma-X-ray c o i n c i d e n c e s  were meas -  
u r e d .  These d a t a ,  a l o n g  w i t h  a c a l i -  
b r a t i o n  o f  t h e  c o n v e r s i o n - e l e c t r o n  
c o u n t i n g  y i e l d  on t h e  t h i n - l e n s  s p e c -  
t r o m e t e r ,  make i t  p o s s i b l e  t o  compdte 
t h e  c o n v e r s i o n  c o e f f i c i e n t  o f  t h e  
94 -kev  gamma r a y ,  t h e  d i s i n t e g r a t i o n  
r a t e  of t h e  s a m p l e ,  and  t h e  f r a c t i o n  
o f  t h e  d i s i n t e g r a t i o n s  t h a t  g o  t h r o u g h  
t h e  94 -kev  l e v e l .  

From t h e  i n t e n s i t i e s  o f  t h e  1 8 0 - ,  
2 9 7 - ,  and  3 9 0 - k e v  gamma r a y s ,  a s  d e -  
t e r m i n e d  w i t h  a c a l i b r a t e d  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 ,  t h e  n u m b e r  o f  
c a p t u r e  p r o c e s s e s  t o  t h e  g r o u n d  s t a t e  
c a n  b e  c o m p u t e d  b y  d i f f e r e n c e .  A 
d e c a y  scheme showing  t h e  e n e r g y  l e v e l s  
i n  z i n c - 6 7  a n d  t h e  b r a n c h i n g  r a t i o s  
i n  g a l l i u m - 6 7  d e c a y  i s  g i v e n  i n  F i g .  
3 .  A l t h o u g h  i t  i s  b e l i e v e d  t h a t  t h e  
a c c u r a c y  o f  t h e  b r a n c h i n g  r a t i o s  i s  
ample  for r a d i a t i o n  d o s a g e  c a l c u l a -  
t i o n s ,  t h e s e  r a t i o s  a r e  now b e i n g  
c h e c k e d  by i n d e p e n d e n t  me thods .  
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Z C 7  
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79-hr Ga6? 

800 kev - 0.1 % 

F i g .  3. Tentative Decay Scheme o f  Gallium-67. 

T h e  a u t h o r s  w a n t  t o  t h a n k  H .  D .  
B r u n e r  o f  t h e  M e d i c a l  D i v i s i o n  o f  
t h e  Oak R i d g e  I n s t i t u t e  of  N u c l e a r  
S t u d i e s  for s u g g e s t i n g  t h i s  p r o b l e m  
and  for a r r a n g i n g  t h e  c y c l o t r o n  bom- 
b a r d m e n t s  a n d  c h e m i c a l  s e p a r a t i o n s .  
T h a n k s  a r e  a l s o  e x t e n d e d  t o  E .  F a i r -  
s t e i n  and  F. M .  P o r t e r  for h e l p  w i t h  
t h e  i n s t r u m e n t s  u s e d  i n  t h i s  work; 

FINE STRUCTURE IN THE FISSION- 
PRODUCT MA§§-YIELD CURVE 

G .  W .  P a r k e r  G .  E .  C r e e k  

I n  c o n j u n c t i o n  w i t h  a c u r r e n t  
p r o g r a m  i n v o l v i n g  c o l l e c t i o n  a n d  

p u r i f i c a t i o n  o f  t h e  r a d i o a c t i v e  f i s -  
s i o n  g a s e s  , m a s s - s p e c t r o g r a p h i c  a n a l y -  
s e s  o f  b o t h  t h e  k r y p t o n  a n d  x e n o n  
f r a c t i o n s  o b t a i n e d  were u s e d  t o  d e -  
t e r m i n e  t h e  r e l a t i v e  f i s s i o n  y i e l d s .  
The r e s u l t s  o f  t h e  e x p e r i m e n t  g e n -  
e r a l l y  c o n f i r m  t h e  x e n o n  a n d  k r y p t o n  
y i e l d s  r e p o r t e d  by T h o d e  e t  a l .  , ( 2  

i n c l u d i n g  t h e  a b n o r m a l l y  h i g h  y i e l d  
a t  mass 134. 

a 

( 2 ) H .  G .  Thode  a n d  R. L.  Graham,  "Mass -  
S p e c t r o m e t e r  I n v e s t i g a t i o n  of t h e  I s o t o p e s  of 
Xenon and Krypton  R e s u l t i n g  from the F i s s i o n  of 
Uranium-235 by Thermal  N e u t r o n s ,  Can.  J. R e -  
s e a r c h ,  2 5 A ,  1 - 1 4  ( 1 9 4 7 ) ;  J .  McNamara, C .  B. 
C o l l i n s ,  and  H .  G.  Thode ,  UThe  F i s s i o n  Y i e l d  
of Xenon-13? and  F i n e  S t r u c t u r e  i n  t h e  Mass- 
Yield Curve , Phys. Rev. ,  78, 129-34 (1950). 
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FOR PERIOD ENDING SEPTEMBER 30, 1951 
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o w 3 M  
1 

0 GLENDENIN, HESS, INGHRAM, STEINBERG (Zr, Mo) 
o THODE ET AL. (Kr,Xe) 
0 INGHRAM ET AL. (Nd) 

1 I I I I I - SMOOTH RADIOCHEMICAL MASS-YIELD CURVE 
1 I . I I 1 1 I I I I I 
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7 -  

6 -  
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4 -  

3- 

2 -  

I -  

O 
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b IN 

e l 

78 86 94 102 110 118 
MASS NUMBER (A) 

F i g .  4. F i n e  Structure of Mass-Spectrographic Fission-Product Yield Curve. 

A renewed i n t e r e s t  i n  t h e  f i s s i o n -  
p r o d u c t  m a s s - y i e l d  c u r v e  r e c e n t l y  
c u l m i n a t e d  i n  a m e e t i n g ( 3 )  o f  r e p r e -  
s e n t a t i v e s  f r o m  m o s t  o f  t h e  l a r g e  
AEC a n d  C a n a d i a n  i n s t a l l a t i o n s  i n  
w h i c h  c o r r e l a t i o n  a n d  n o r m a l i z a t i o n  
o f  t h e  a c c u m u l a t e d  mass - s p e c t r o g r a p h i c  
a n d  r a d i o c h e m i c a l  y i e l d  d a t a  were 
a t t e m p t e d .  Many o f  t h e  i m p l i c a t i o n s  
of  t h e  p r o b l e m  were a n t i c i p a t e d  i n  a 

p a p e r  by G l e n d e n i n  e t  ~ 1 . ( ~ )  F i g u r e  
4 ,  w i t h  s o m e  a d d i t i o n a l  d a t a  f r o m  
t h e i r  i n v e s t i g a t i o n ,  i s  r e p r o d u c e d  
f r o m  t h e  above  r e p a r t .  

Among t h e  f a c t o r s  p r o p o s e d  t o  e x -  
p l a i n  t h e  e s t a b l i s h e d  d e v i a t i o n  f rom 
t h e  s m o o t h  s y m m e t r i c a l  m a s s - y i e l d  
c u r v e  i s  a p r e f e r e n c e  for  magic  nurn- 
b e r  c o n f i g u r a t i o n s  (82 n e u t r o n s ,  e t c . )  

( 3 ) D ,  M. Wroughton t o  S .  G.  E n g l i s h ,  Letter, 
WAPD-C-36, August 8 ,  1951. 

(‘)L: E. Glendenin e t  u l .  
i n  F i s s i o n ”  ( t o  be publ i shed) .  

“Nuclear S truc ture  
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in%% f i s s i o n  p r o c e s s  a n d  d e l a y e d  
n e u t r o n  and  b o i l - o f f  e f f e c t s  f o l l o w -  
i n g  f i s s i o n .  ( 5 )  S i n c e  s u c h  e f f e c t s  
h a v e  b e e n  e s t a b l i s h e d ,  i t  h a s  become 
n e c e s s a r y  t o  r e - e x a m i n e  t h e  i n d i v i d u a l  
members o f  e a c h  c h a i n  f o r  a c c u m u l a t e d  
y i e l d .  T h i s  i s  m o s t  r e l i a b l y  d o n e  
w i t h  t h e  mass s p e c t r o g r a p h .  For some 
o f  t h e  m o d e r a t e l y  l o n g - l i v e d  r a d i o -  
a c t i v e  members ,  a c o r r e l a t i o n  may be  
o b t a i n e d  by m e a s u r i n g  r a t i o s  i n  b o t h  
a c t i v e  and  s t a b l e  s t a t e s ,  e . g . ,  5 . 3 - d  
x e n o n - 1 3 3  and  s t a b l e  c e s i u m - 1 3 3 ,  and  
8 - d  i o d i n e - 1 3 1  a n d  s t a b l e  x e n o n - 1 3 1 .  

I n  t h i s  e x p e r i m e n t ,  two H a n f o r d  
u r a n i u m  s l u g s  ( 3 5 5 0 - g  u r a n i u m  a n d  
2 . 0 4 - 6  p l u t o n i u m  e a c h ) ,  w h i c h  h a d  
b e e n  i r r a d i a t e d  i n  t h e  "D" r e a c t o r  
f rom Sep tember  9 ,  1945 t o  O c t o b e r  2 1 ,  
1 9 4 6 ,  were d i s s o l v e d  i n  h y d r o c h l o r i c  
a c i d  i n  a c l o s e d  g l a s s  s y s t e m  f r o m  
w h i c h  t h e  k r y p t o n  a n d  x e n o n  w e r e  
s w e p t  by t h e  l a r g e  volume ( 1 2 0  m o l e s )  
of h y d r o g e n  g a s  g e n e r a t e d .  The  g a s  
m i x t u r e  was p a s s e d  t h r o u g h  d r y i n g  t r a p s  
i n t o  t w o  2 - l i t e r  c h a r c o a l  a d s o r b i n g  
b e d s  a t  d r y - i c e  t e m p e r a t u r e .  U s i n g  a 
p r o c e d u r e  s u g g e s t e d  by Z e l d e s , ( 6 )  t h e  
k r y p t o n  was t h e n  e l u t e d  w i t h  h y d r o g e n  
a t  room t e m p e r a t u r e  i n t o  a s m a l l e r  
b e d  f o r  sampling. The e l u t i o n  was 
r e p e a t e d  i n  a s e p a r a t e  s t e p  w h i l e  
h e a t i n g  t h e  l a r g e  t r a p  t o  t h e  t e m -  
p e r a t u r e  o f  b o i l i n g  w a t e r  i n  o r d e r  t o  
e l u t e  t h e  x e n o n .  The r n a s s - s p e c t r o -  
g r a p h i c  a n a l y s i s  w a s  f u r n i s h e d  b y  
C .  R .  F u l t z  a n d  R .  F .  H i b b s  o f  t h e  
Y-12 s i t e .  The o b s e r v e d  mass r a t i o s ,  
e x p r e s s e d  a s  p e r c e n t a g e s ,  were t h e n  
r e c a l c u l a t e d  a s  r e l a t i v e  f i s s i o n  
y i e l d s ,  u s i n g  a s  a b a s i s  t h e  s m o o t h -  
c u r v e  v a l u e  of 2.8% f o r  xenon-131  and 
1 . 0 9 %  f o r  k r y p t o n - 8 4 .  I t  w a s  a l s o  
n e c e s s a r y  t o  u s e  t h e  r e p o r t e d  v a l u e  

(')J. McNamara, C. B. C o l l i n s ,  and H .  G .  Thode, 
l o c .  c i t .  

( 6 ) H .  Zeldes , private  communication. 

o f  33% o f  k r y p t o n - 8 8  f o r  t h e  b r a n c h -  
i n g  r a t i o  i n  k r y p t o n - 8 5  i n  o r d e r  t o  
make t h e  c o r r e c t i o n s  f r o m  t h e  y i e l d  
o b s e r v e d  i n  9 . 4 - y  k r y p t o n - 8 5 .  

The  y i e l d  o f  x e n o n - 1 3 6  was c a l -  
c u l a t e d  f r o m  t h e  a c c e p t e d  v a l u e  o f  
5 . 9 %  f o r  x e n o n - 1 3 5  a n d  i t s  p r o b a b l e  
c r o s s  s e c t i o n  a t  t h e  r e l a t i v e l y  low 
t e m p e r a t u r e  o f  t h e  H a n f o r d  r e a c t o r  
i n  1 9 4 5  a n d  1 9 4 6 .  The  a u t h o r s  a r e  
i n d e b t e d  t o  b o t h  J .  A .  Lane and R .  W .  
S t o u g h t o n  for a s s i s t a n c e  i n  t h i s  
c a l c u l a t i o n .  The r e s u l t i n g  v a l u e  o f  
6 . 1 %  is i n  good a g r e e m e n t  w i t h  T h o d e ' s  
v a l u e  o f  6 . 1 4 % .  T h e s e  v a l u e s  a r e  
i n c l u d e d  i n  T a b l e  1. 

The c o r r e s p o n d i n g  y i e l d s  were t h e n  
c a l c u l a t e d  f o r  t h e  k r y p t o n  i s o t o p e s ,  
a n d  a d e c a y  a n d  b r a n c h i n g  c o r r e c t i o n  
t o  t h e  v a l u e  f o r  9 . 4 - y  k r y p t o n - 8 5  was 
made t o  d e t e r m i n e  t h e  t o t a l  y i e l d  of 
k r y p t o n  a t  mass 85. The y i e l d  o f  t h e  
4 . 3 - h  i s o m e r  r e p o r t e d ( ' )  ( 1 . 2 % )  was  
a d d e d  t o  t h e  o b s e r v e d  0 . 3 1 4 %  ( T h o d e  
r e p o r t e d  0 . 3 1 6 % )  t o  g i v e  a t o t a l  o f  
1 . 5 1 %  ( T a b l e  2 ) .  

A f u r t h e r  e x p e r i m e n t  i s  u n d e r  way 
t o  d e t e r m i n e  t h e  a b s o l u t e  r a t i o  o f  
k r y p t o n  t o  xenon  mass s p e c t r o g r a p h i -  
c a l l y  by i s o t o p i c  d i l u t i o n ,  t h e r e b y  
e l i m i n a t i n g  t h e  u n c e r t a i n t y  of r e l a -  
t i v e  y i e l d s  and  t h e  need  for two b a s e  
v a l u e s .  A measuremen t  of t h e  c e s i u m  
r a t i o s  i n  t h i s  same f i s s i o n - p r o d u c t  
m i x t u r e  s h o u l d  h e l p  t o  v e r i f y  t h e  
c e s i u m  y i e l d s  r e p o r t e d  b y  I n g h r a m  
( p l o t t e d  i n  F i g .  4 ) .  S i m i l a r  f u t u r e  
s t u d i e s  of c e s i u m  h a v e  b e e n  p l a n n e d  
by G l e n d e n i n  and c o - w o r k e r s  a t A r g o n n e  
and by Thode e t  a l  . i n  Canada .  

( ' ) R a d i o c h e a i c a l  S t u d i e s :  The F i s s i o n  Pro-  
d u c t s ,  WES, Vol .  IX, Book 2 ,  p. 521 (New York: 
McGraw-Hill Book Co. ,  1951). 

. 
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. 

ORNL DATA 

0 .006  
0 . 5 5  
1 . 0 9  ( B a s e )  

0 .314 ( 9 . 4 - y )  
1 . 5 1  ( c a l c .  t o t a l )  

2 . 0 4  

- 

MASS 
NO. 

- 
13  1 

132 

133 

13 4 

13  5 

136  

137 

THODE'S DATA 

- 
0 .585  
1 . 0 9  
0.316 ( 9 . 4 - y )  

2 . 1 0  

. 

FOR PERIOD ENDING SEPTEMBER 30, 1951 

T a b l e  1 

F i s s i o n  Y i e l d s  i n  t h e  Mass 131 t o  137 Region 

OBSERVED Xe (%) 
MASS-SPECTROGRAPHIC 

ANALYSIS 

12 .0  

1 8 . 4  

32 .2  

3 7 . 4  

FISSION YIELD (%I 

Xe 
ORNL DATA 

2 . 8  ( B a s e )  

4 . 3  

7 . 5  

( 5 . 9 )  

8 .72  (136  -t 135 n,Y) 
6 . 1  ( c a l c . )  

Xe 
THODE'S DATA 

2 . 8 ( B a s e )  

4 .2  

6 . 3  

7 . 4  

6 .14  

*Normal ized  by Glenden in  e t  a 1 .  
* * Pr  oba b 1 y n o t  re 1 i a b l e .  

***Sugges t ed  by r e c e n t  d a t a  of Pappas  and  C o r y e l l .  

T a b l e  2 

cs * 
INGHRAM' S DATA 

6.3 (Bas e ) 

6 . 0  

5 .7**  

F i s s i o n  Y i e l d s  i n  t h e  Mass 83 t o  86 Region 

1 
OBSERVED K r  (%I 

MASS NO. I MASS -SPECTROGRAPHIC ANALYSIS 

82 
8 3  
8 4  
85  

86 

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

5 . 2 3  

5 2 . 4 1  

A r e c e n t  a n n o u n c e m e n t  by P a p p a s  
a n d  C o r y e l l ( 8 )  s u g g e s t s  t h a t  t h e  

("A. C. Pa p a s ,  C. D. C o r y e l l ,  The F i s s i o n  
Y i e  I d s  A r o u n B  t h e  N e u t r o n  8 2 - S h e  1 l and t h e  
E f f e c t s  of  C l o s e d  S h e l l  i n  F i s s i o n ,  P r e s e n t e d  
a t  X V I  Conference ,  I n t e r n a t i o n a l  Union of Pure  
and Applied Chemistry, New York, September 1951. 

~ 

AVERAGE 
YIELD, 

CORRECTED TO 
3.0% xeI3l * * *  

3 . 0  (Base  

4 .55  

6 .74  

7 .97  

6 .42  

6 .55  

6 .10  

F I S S I O N  YIELD ( % I  

y i e l d  f o r  i o d i n e - 1 3 1  s h o u l d  be changed  
f r o m  2 . 8  t o  3 . 0 % .  S i n c e  t h i s  would  
" n o r m a l i z e "  the y i e l d s  i n  t h e  p r i n c i -  
p a l  x e n o n  i s o t o p e s  u p w a r d  by a b o u t  
0 . 5 % ,  the c o r r e s p o n d i n g  v a l u e s  a r e  
a l s o  g i v e n  i n  T a b l e  1. 
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FOR P E R I O D  ENDING SEPTEMBER 3 0 ,  1 9 5 1  

100 

90 

80 

- 70 
rn rn 
z rn 
- 
2 60 
a a 
t- 

50 
W 
0 
QT 
W 
n 4C 

3c 

2c 

IC 

UNCLASSlFl ED 
DWG. 13359 

I I I I I I I I I 

CURVE NO, I 
TECHNETIUM DISTILLATE IN 
3 6 N  H,SO, 
(Tc=O.O17 mg /m I 

CURVE NO. 4 
CsTcO, (0.06 mg/ml)  

CURVE NO. 3 

CURVE N 0 . 2  
TECH N ET1 U M 

DlSTl LLATE 
IN 0.07 N H2S04 
(Tc=O.O17 mg/mI) 

WAVE LENGTH ( m p )  

F i g .  6. Spectral Transmittancy Curves for Technetium (VII ) .  
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DISTILLATION OF TECHNETIUM 
WITH SULFURIC ACID 

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

F i n a l  p u r i f i c a t i o n  o f  t e c h n e -  
t i u m  f r o m  c r u d e  p r o c e s s  c o n c e n t r a t e s  
o b t a i n e d  f r o m  C h a l k  R i v e r  m e t a l  
w a s t e s ( g )  h a s  b e e n  a c c o m p l i s h e d  by  
t h e  w e l l - k n o w n  m e t h o d  o f  s u l f u r i c  
a c i d  d i s t i l l a t i o n .  The 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  and  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  -SU 1 f u r  i c  a c  i d  
s o l u t i o n  i s  r e f l u x e d  i n  a q u a r t z  s t i l l  
a t  300°C u n t i l  a l l  o r g a n i c  m a t e r i a l  
i s  d e s t r o y e d .  T h i s  s t e p  was f o r m e r l y  
a c c o m p l i s h e d  w i t h  t h e  a d d i t i o n  o f  
c a t a l y t i c  s e l e n i u m ,  h o w e v e r ,  t h e  
s e l e n i u m  i s  now b e i n g  o m i t t e d .  Some 
o r g a n i c  d e c o m p o s i t i o n  p r o d u c t s  a r e  
d i s t i l l e d  a s  w e l l  a s  some p e r c h l o r i c  
a c i d .  D u r i n g  t h i s  s t e p  t h e  s o l u t i o n  
c h a n g e s  f i r s t  t o  a j e t  b l a c k  c o l o r  
a n d  a f t e r  t h e  o r g a n i c  p r o d u c t s  a r e  
d e s t r o y e d  t h e  s o l u t i o n  i s  a g r e e n  

(')G. W. Parker et al., U N e w  Hot Laboratory 
F a c i l i t i e s  and Flow P l a n  for t h e  Recovery  of 
F i s s i o n  Products  and Nepbunium from ORNL Redox 
P i l o t  P l a n t  CR W a s t e s ,  Chemistry D i v i s i o n  
Quarterly Progress Report for Period Ending 
March 31, 1950, ORNL-685, p .  62. 

c o l o r .  The t e m p e r a t u r e  i s  g r a d u a l l y  
i n c r e a s e d  u n t i l  mos t  of t h e  s u l f u r i c  
a c i d  is d i s t i l l e d .  

. 

F i g u r e  5 is  a g r a p h i c  r e p r o d u c t i o n  
o f  t h e  a v e r a g e  o b s e r v a t i o n s  o f  a 
d i s t i l l a t i o n  o f  t e c h n e t i u m  w i t h  
s u l f u r i c  a c i d .  S e v e n  s a m p l e s  f r o m  a 
d i s t i l l a t i o n  were  c o l l e c t e d  i n  a 
s a m p l i n g  b u l b  a n d  t e c h n e t i u m  c o n -  
c e n t r a t i o n ,  s u l f u r i c  a c i d  c o n c e n t r a -  
t i o n ,  volume o f  d i s t i l l a t e ,  and  c o l o r  
were d e t e r m i n e d .  C o l o r  i n t e n s i t i e s  
i n  t h e  c o l l e c t e d  s a m p l e s  were r o u g h l y  
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of 
t e c h n e  t ium. 

I n  F i g .  6 s p e c t r a l  t r a n s m i t t a n c y  
c u r v e s  a r e  shown  f o r  s a m p l e  4 ( F i g .  
5). By c o m p a r i n g  a n u m b e r  o f  s u c h  
a b s o r p t i o n  c u r v e s  made o v e r  a r a n g e  
of  s u l f u r i c  a c i d  c o n c e n t r a t i o n s ,  i t  
was  c o n c l u d e d  t h a t  t h e  c o l o r  v a r i a -  
t i o n s  o b s e r v e d  a s  w e l l  a s  t h e  i n -  
t e n s i t y  o f  o n e  o f  t h e  ma jo r  s p e c -  
t r o p h o t o m e t r i c  b a n d s  ( 2 8 9 0  A )  i n  
t e c h n e t i u m  d i s t i l l a t e  were due  t o  hy -  
d r a t i o n  r a t h e r  t h a n  t o  d i f f e r e n t  
o x i d a t i o n  s t a t e s .  The band a t  2470 A 
was r e l a t i v e l y  u n a f f e c t e d .  

. 
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RADIO-ORGANIC CHEMISTRY 

RADIATION,  ANALYTICAL, AND 
PREPARATIVE CHEMISTRY 

E .  J .  Dowl ing  A .  R .  J o n e s  
W .  J .  S k r a b a  

RADIATION CHEAlI STRY 

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  n a t u r e  o f  t h e  r e a c t i o n s  o f  a c e t i c  
a c i d  i n d u c e d  by gamma r a d i a t i o n  h a v e  
c o n t i n u e d .  

I r r a d i a t i o n  o f  a 0 . 0 1  U a q u e o u s  
s o l u t i o n  o f  a c e t i c - . l - C 1 4  a c i d  w i t h  
a d o s e  o f  a p p r o x i m a t e l y  l o 7  r o f  
gamma r a y s  f r o m  a c o b a l t - 6 0  s o u r c e  
was  f o u n d  t o  c a u s e  d e c a r b o x y l a t i o n  
t o  t h e  e x t e n t  of  a l m o s t  30%. T h i s  
p e r c e n t a g e  o f  r a d i o a c t i v i t y  w a s  
f o u n d  i n  t h e  c a r b o n  d i o x i d e  f r a c t i o n  
o f  t h e  g a s e o u s  p r o d u c t s .  N e g l i g i b l e  
q u a n t i t i e s  o f  n o n c o n d e n s a b l e  g a s e s  
s u c h  a s  m e t h a n e  or c a r b o n  m o n o x i d e  
w,ere f o u n d .  S i m i l a r  e x p e r i m e n t s  
w i t h  a c e t i c - 2 - C 1 4  a c i d  r e v e a l e d  o n l y  
t r a c e s  o f  a c t i v i t y  i n  e i t h e r  t h e  
c a r b o n  d i o x i d e  or n o n c o n d e n s a b l e  g a s  
f r a c t i o n .  T h e  q u e s t i o n  a s  t o  t h e  
f a t e  o f  t h e  m e t h y l  f r a g m e n t  r e m a i n i n g  
a f t e r  d e c a r b o x y l a t i o n  h a s  t h e r e f o r e  
a r i s e n .  T r a c e r  e x p e r i m e n t s  i n  c o n -  
j u n c t i o n  w i t h  p a p e r  c h r o m a t o g r a p h i c  
t e c h n i q u e s  h a v e  s h o w n  t h e  a b s e n c e  
(or p r e s e n c e  i n  o n l y  t r a c e  q u a n t i  t i e s  1 
of  t h e  p o s s i b l e  o x i d a t i o n  p r o d u c t s  
m e t h a n o l  and  f o r m a l d e h y d e .  M e t h o d s  
r e c e n t l y  d e v e l o p e d  f o r  t h e i r  c h a r a c -  
t e r i z a t  i o n (  a r e  now b e i n g  employed  
t o  d e t e r m i n e  w h e t h e r  f o r m i c  or p r o -  
p i o n i c  a c i d  m i g h t  be f o r m e d  f r o m  t h e  
m e t h y l  f r a g m e n t .  

I n  a d d i t i o n  t o  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  b y  d e c a r b o x y l a t i o n  

( ' ) E .  J .  Dowl i sg ,  A .  R;, J o n e s ,  a n d  W .  J .  
Skraba, "Radiation Chemistry, Chemistry Div i s ion  

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 s une 30, 1951, ORNL-1116. 

t h r e e  n o n v o l a t i l e  p r o d u c t s  w e r e  
f o r m e d ,  two o f  w h i c h  were i d e n t i f i e d  
a s  g l y c o l i c  a c i d  a n d  s u c c i n i c  a c i d .  
The t h i r d  c o n s t i t u e n t ,  t h o u g h  known 
t o  b e  a n  a c i d ,  i s  n o t  p o s i t i v e l y  
i d e n t i f i e d .  

When t h e  e x p e r i m e n t s  a b o v e  were 
r e p e a t e d  w i t h  a q u e o u s  s o l u t i o n s  0 . 2 5  
M i n  a c e t i c  a c i d  t h e  s o l e  n o n v o l a t i l e  
p r o d u c t  f o u n d  w a s  s u c c i n i c  a c i d .  
O n l y  1% 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  b y  a 1 0 7 - r  d o s e .  T h i s  
r e p r e s e n t s ,  however ,  t h e  d e c a r b o x y l a -  
t i o n  o f  a p p r o x i m a t e l y  t h e  same number 
o f  a c e t i c  a c i d  m o l e c u l e s  a s  i n  t h e  
more d i l u t e  s o l u t i o n .  Thus  t h e  r a t e  
o f  d e c a r b o x y l a t i o n  a p p e a r s  t o  b e  
i n d e p e n d e n t  o f  a c e t i c  a c i d  c o n c e n t r a -  
t i o n  i n  t h i s  c o n c e n t r a t i o n  r a n g e .  

S i n c e  t h e  c o n v e r s i o n  y i e l d  t o  
s u c c i n i c  a c i d  i s  h i g h  a n d  t h e  d e -  
c a r b o x y l a t i o n  r e a c t i o n  i s  r e l a t i v e l y  
u n i m p o r t a n t  a t  t h i s  c o n c e n t r a t i o n ,  
t h e  u s e  o f  t h i s  me thod  f o r  t h e  s y n -  
t h e s i s  o f  s u c c i n i c - 2 , 3 - C i 4  a c i d  f r o m  
a c e t i c - 2 - C 1 4  a c i d  i s  b e i n g  i n v e s t i -  
g a t e d .  

E x p e r i m e n t s  have  b e e n  c a r r i e d  o u t  
t o  ' de t e rmine  w h e t h e r  a c a r b o x y l  r a d i -  
c a l  f o r m e d  i n  t h e  d e c a r b o x y l a t i o n  
r e a c t i o n  c a n  m i g r a t e  i n t e r m o l e c u l a r l y  
b e f o r e  d e c o m p o s i t i o n  t o  c a r b o n  d i o x -  
i d e .  Fo rmic  a c i d ,  known t o  form o n l y  
c a r b o n  d i o x i d e  and hydrogen  u n d e r  t h e  
i n f l u e n c e  o f  gamma r a d i a t i o n ,  was  
c h o s e n  a s  t h e  s o u r c e  o f  t h e  c a r b o x y l  
g r o u p .  A c e t i c  a c i d  w a s  c h o s e n  a s  
t h e  a c c e p t o r .  A s o l u t i o n  0 . 0 1  M i n  
f o r m i c - C "  a c i d  a n d  0 . 0 1  M i n  n o n -  
r a d i o a c t i v e  a c e t i c  a c i d  was i r r a d i -  
a t e d .  P a p e r  c h r o m a t o g r a p h i c  t e c h -  
n i q u e s  r e v e a l e d  t h e  p r e s e n c e  o f  o n l y  
o n e  n o n v o l a t i l e  c o m p o n e n t ,  and  t h i s  
h a d  a n  Rf v a l u e  s i m i l a r  t o  t h a t  o f  
t h e  unknown m a t e r i a l  p r o d u c e d  by t h e  
i r r a d i a t i o n  o f  0 . 0 1  M a q u e o u s  a c e t i c  
a c i d .  I t s  i d e n t i t y  i s  n o t  y e t  e s -  
t a b l i s h e d .  T h a t  n o  r e a c t i o n  o c c u r r e d  

2 1  



CHEMISTRY DIVISION QUARTERLY PROGRESS REPORT 

be  t w e e n  r a d i a t i o n  - a c t i v a t e d  c a r b o n  
d i o x i d e  and  a c e t i c  a c i d  was shown by 
t h e  i r r a d i a t i o n  o f  a 0 . 0 1  M a q u e o u s  
s o l u t i o n  o f  n o n r a d i o a c t i v e  a c e t i c  
a c i d  c o n t a i n i n g  d i s s o l v e d  c a r b o n - 1 4  
d i o x i d e .  No n o n v o l a t i l e  r a d i o a c t i v e  
compounds c o u l d  be d e t e c t e d .  

One i r r a d i a t i o n  o f  a benzene  s o l u -  
t i o n  o f  l a b e l e d  a c e t i c  a c i d  ( 0 . 0 1  M )  
w i t h  a d o s e  o f  l o 7  r p r o d u c e d  n o  
r a d i o a c t i v e  g a s e s  or n o n v o l a t i l e  
p r o d u c t s .  Benzene wh ich  i s  u n u s u a l l y  
s t a b l e  t o  r a d i a t i o n ,  p r o b a b l y  b e c a u s e  
o f  t h e  r a p i d  i n t e r n a l  c o n v e r s i o n  o f  
a b s o r b e d  e n e r g y ,  a p p a r e n t l y  d o e s  n o t  
r e a d i l y  t r a n s f e r  t h e  e n e r g y  o f  a b -  
s o r b e d  r a d i a t i o n  t o  t h e  s o l u t e .  

One p r e l i m i n a r y  i r r a d i a t i o n  o f  a 
0 . 0 1  M aqueous  s o l u t i o n  of  v a l e r i c - l -  
C14  a c i d  r e v e a l e d  o n l y  a t r a c e  o f  
c a r b o n  d i o x i d e  f rom d e c a r b o x y l a t i o n .  
T h e  s i n g l e  n o n v o l a t i l e  p r o d u c t ,  
i d e n t i f i e d  t e n t a t i v e l y  f rom i t s  p a p e r  
c h r o m a t o g r a m  was  a , a ' - d i p r o p y l s u c -  
c i n i c  a c i d ,  f o r m e d  b y  d i m e r i z a t i o n  
of  v a l e r i c  a c i d .  

ANALYTICAL CHEMISTRY 

A m e t h o d ( 2 )  f o r  t h e  s e p a r a t i o n  o f  
t h e  low m o l e c u l a r  w e i g h t  f a t t y  acids 
by pape'r  c h r o m a t o g r a p h y  h a s  r e c e n t l y  
b e e n  p r o p o s e d .  I t  was  f o u n d  t o  b e  
u n s a t i s f a c t o r y  f o r  o u r  p u r p o s e s  s i n c e  
i t  g a v e  i n s u f f i c i e n t  d i f f e r e n c e  i n  
t h e  Rf v a l u e s ,  poor  d e f i n i t i o n  o f  t h e  
s p o t s ,  a n d  a c o n s i d e r a b l e  l o s s  o f  
a c i d i c  m a t e r i a l  by e v a p o r a t i o n  f r o m  
t h e  h y d r o l y z e d  ammonium s a l t s .  

These  d i f f i c u l t i e s  were e l i m i n a t e d  
by t h e  u s e  o f  d i e t h y l a m i n e  ( K g  = 1 . 2 6  
x r a t h e r  t h a n  ammonia  ( K g  = 
1 . 8  x l o - ' ) .  C h r o m a t o g r a p h y  o f  
r a d i o a c t i v e  f o r m i c ,  a c e t i c ,  b u t y r i c ,  
a n d  v a l e r i c  a c i d s  and  t h e  u s e  o f  t h e  

("E. P .  Kennedy and H.  A .  B a r k e r ,  " P a p e r  
Chromatogra hy of V o l a t i l e  Acids ," Anal. Chem., 
23 ,  1033 (1851) .  

b e t a - r a y  d e n s i t o m e t e r  e n a b l e d  e x a c t  
Rf v a l u e s  t o  be d e t e r m i n e d  e v e n  though  
n o  a d e q u a t e  a c i d - b a s e  i n d i c a t o r  h a s  
b e e n  f o u n d .  T h e s e  v a l u e s  w i l l  b e  
g i v e n  i n  a l a t e r  r e p o r t .  

PREPARATIVE CHEMISTRY 

B u t y r i c - l - C 1 4  a c i d  ( 9 . 1 1 9  g ,  1 0 3 . 6  
m m o l e s ,  2 1 . 1  mc)  a n d  v a 1 e r i c - l - C l 4  
a c i d  ( 8 . 8 3 2  g ,  8 6 . 4  mmoles ,  8 . 6 4  mc) 
were p r e p a r e d  by  G r i g n a r d  s y n t h e s e s .  

The p r e p a r a t i o n  o f  v a l e r i c - 2 - C 1 4  
r e q u i r e d  t h e  r e d u c t i o n  o f  b u t y r i c - l -  
C 1 4  a c i d  t o  b u t a n o l - l - C 1 4 .  H i g h -  
p r e s s u r e  r e d u c t i o n  o f  t h e  c a d m i u m -  
n i c k e l  s a l t s  i n t h e  p r e s e n c e  o f  c o p p e r  
c h r o m i t e  c a t a l y s t ( 3 )  g a v e  o n l y  58% 
y i e l d ,  and  t h e  p r o d u c t  was c o n t a m i n a t e d  
w i t h  b u t y l  b u t y r a t e .  L i t h i u m  aluminum 
h y d r i d e ,  h o w e v e r ,  r e d u c e d  b u t y r i c  
a c i d  t o  b u t a n o l  a l m o s t  q u a n t i t a t i v e l y  . 

A t t e m p t s  t o  p r e p a r e  b u t y l  i o d i d e  
f r o m  b u t y l  a l c o h o l  by t h e  a c t i o n  o f  
p h o s p h o r u s  and  i o d i n e ( 4 )  l e d  t o  many 
d i f f i c u l t i e s .  B u t y l  b r o m i d e  w a s ,  
t h e r e f o r e ,  p r e p a r e d  i n  80% y i e l d  by  
a n  a d a p t a t i o n  o f  t h e  p r o c e d u r e  o f  
Kamm and  Marve l .  ( '  

ISOTOPE EFFECT S T U D I E S  

MEASUREMENT O F  THE CARBON-13 I S O T O P E  
E F F E C T  I N  THE DEHYDRATION O F  FORMIC 
A C I D  

A .  J .  Weinbe rge r  G. A .  Ropp 
0. K .  N e v i l l e  

The  i s o t o p e  e f f e c t  i n  t h e  d e h y -  
d r a t i o n  o f  c a r b o n  - 1 4 - l a b e l e d  f o r m i c  
a c i d  i n  s u l f u r i c  a c i d  s o l u t i o n  h a s  
been  p r e v i o u s l y  d e t e r m i n e d  by a f l o w  

. 

4 

( 3 ) P .  T. Adam,  R. E.  Se l f f ,  and B. M. T o l b e r t ,  
The Synthesrs of Methanol-C14 and Meth 1 Iodine- 
C14 b y  High-pressure Hydrogenation, UdL-1289.  

(4 ) I b  id. 
( ' ) O .  Kamm and C. S. Marvel, Or anic Syntheses 

(2d e d . ;  N e w  York. John W i l e y  S o n s ,  1 9 4 7 ) ,  
C o l l .  V O l .  I ,  p.  25.  

. 
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m e t h o d .  T h e  v a l u e s  d e t e r m i n e d  f o r  
t h e  d i f f e r e n c e  b e t w e e n  k,, a n d  k,, 
f o r  t h i s  r e a c t i o n  were 1 0 . 9  k 0.5% a t  
0°C and  8 . 6  f 0 . 6 %  a t  25°C.  

P r e l i m i n a r y  work h a s  now been  done  
t o  d e t e r m i n e  t h e  v a l u e s  f o r  t h e  
c a r b o n - 1 3  i s o t o p e  e f f e c t  i n  t h i s  
~ a m e  r e a c t i o n  a n d  i f  p o s s i b l e  t h e  
a c t i v a t i o n  e n e r g y  d i f f e r e n c e .  S i n c e  
t h e  f l o w  me thod  u s e d  p r e v i o u s l y  was 
n o t  a p p l i c a b l e  w i t h  a s t a b l e  i s o t o p e ,  
a s y s t e m  h a s  b e e n  s e t  u p  i n  w h i c h  2 0  
s u c c e s s i v e  s a m p l e s  o f  e v o l v e d  c a r b o n  
monoxide may be c o l l e c t e d  i n d i v i d u a l l y .  
S u b s e q u e n t l y  t h e  c a r b o n  m o n o x i d e  i n  
e a c h  b u l b  may b e  b u r n e d  t o  c a r b o n  
d i o x i d e  o v e r  c o p p e r  o x i d e  a n d  t r a n s -  
f e r r e d  t o  a s a m p l e r  b u l b  f o r  m a s s -  
s p e c t r o g r a p h i c  a n a l y s i s .  The f o r m i c  
a c i d  u s e d  w a s  o f  n o r m a l  c a r b o n - 1 3  
c o n t e n t  a n d  c o n t a i n e d  a t r a c e r  amount 
o f  f o r m i c - C 1 4  a c i d .  S i n c e  t h e  amount 
o f  r a d i o a c t i v e  c a r b o n  d i o x i d e  w a s  
t o o  s m a l l  t o  be m e a s u r e d  by t h e  mass  
s p e c t r o g r a p h  b u t  c o u l d  b e  d e t e c t e d  
w i t h  t h e  u s e  o f  a n  i o n  c h a m b e r ,  i t  
was p o s s i b l e  t o  o b t a i n  a v a l u e  f o r  
t h e  c a r b o n - 1 4  i s o t o p e  e f f e c t  w i t h  
t h e  new me thod  o f  m e a s u r e m e n t ;  t h i s  
s e r v e d  a s  a c h e c k  on  t h e  f l o w - s y s t e m  
measuremen t .  

On t h e  b a s i s  o f  o n l y  one  c o m p l e t e  
e x p e r i m e n t  t h e  v a l u e  o f  t h e  c a r b o n - 1 4  
i s o t o p e  e f f e c t  i s  found  t o  be a p p r o x -  
i m a t e l y  t h e  same a t  0 ° C  a s  r e p o r t e d  
p r e v i o u s l y .  The v a l u e  of t h e  c a r b o n -  
1 3  i s o t o p e  e f f e c t  f o r  t h e  s u l f u r i c  
a c i d  c a t a l y z e d  d e h y d r a t i o n  o f  f o r m i c  
a c i d  i s  a b o u t  5 . 7 6 %  a t  0°C .  T h i s  i s  
a p p r o x i m a t e l y  o n e - h a l f  o f  t h e  v a l u e  
f o r  f ~ r m i c - C ' ~  a c i d .  

ISOTOPE EFFECT I N  THE UREASE-CATALYZED 
H Y D R O L Y S I S  OF U R E A - C 1 4  

D .  D o h e r t y *  C .  J .  C o l l i n s  

I n  1 9 4 8 ,  D a n i e l s  a n d  M e y e r s o n ( 6 )  
r e p o r t e d  a " r e v e r s e "  i s o t o p e  e f f e c t  

*Member of the Biology D i v i s i o n .  

i n  t h e  u r e a s e - c a t a l y z e d  h y d r o l y s i s  
o f  u r e a  c o n t a i n i n g  t r a c e r  a m o u n t s  o f  
u r e a - C 1 4 .  T h e y  r e p o r t e d  t h a t  t h e  
c a r b o n  d i o x i d e  f i r s t  e v o l v e d  c o n -  
t a i n e d  more  c a r b o n - 1 4  d i o x i d e  t h a n  
t h a t  e v o l v e d  t o w a r d  t h e  e n d  o f  t h e  
r e a c t i o n .  

A l t h o u g h  " r e v e r s e "  i s o t o p e  e f f e c t s  
a r e  n o t  unknown,  ( ' t h e  m a g n i t u d e  o f  
t h e  e f f e c t  r e p o r t e d  b y  D a n i e l s  a n d  
M e y e r s o n  p r o m p t e d  t h i s  r e i n v e s t i g a -  
t i o n .  

Our d a t a  f r o m  2 0  s e p a r a t e  e x p e r i -  
m e n t s  h a v e  now f a i l e d  t o  c o n f i r m  t h e  
r e s u l t s  o f  D a n i e l s  a n d  M e y e r s o n .  
T h e y  s h o w ,  q u a l i t a t i v e l y  a t  l e a s t ,  
t h a t  t h e  h y d r o l y s i s  o f  c a r b o n - 1 4 -  
l a b e l e d  u r e a  p r o c e e d s  w i t h  a n o r m a l  
and  n o t  a " r e v e r s e "  i s o t o p e  e f f e c t ,  
t h a t  i s ,  t h e  c a r b o n  d i o x i d e  f i r s t  
e v o l v e d  c o n t a i n s  l e s s  c a r b o n - 1 4  t h a n  
t h a t  e v o l v e d  t o w a r d  t h e  e n d  o f  t h e  
r e a c t i o n .  

I n  t h i s  p r o c e d u r e ,  s a m p l e s  o f  
0 . 2  M u r e a - C 1 4  ( c o n t a i n i n g  0 . 1 7 6  p 
o f  C'4/mmole) i n  0 .25  M t r i s ( h y d r o x y -  
m e t h y l a m i n o m e t h a n e ) - p h o s p h a t e  b u f f e r  
were t r e a t e d  w i t h  u r e a s e  and  a l l o w e d  
t o  r e a c t  a t  2 8 ° C  w i t h  s t i r r i n g  f o r  
v a r y i n g  p e r i o d s  o f  t i m e .  The s e p a r a t e  
r e a c t i o n  m i x t u r e s  were q u e n c h e d  w i t h  
aqueous  l a c t i c  a c i d  s o l u t i o n ,  and  t h e  
c a r b o n  d i o x i d e  s a m p l e s  e v o l v e d  were 
m e a s u r e d  m a n o m e t r i c a l l y .  T h e  g a s  
s a m p l e s  w e r e  t r a n s f e r r e d  t o  i o n  
c h a m b e r s  a n d  t h e  c a r b o n - 1 4  c o n t e n t  
was d e t e r m i n e d .  

A l t h o u g h  e x p e r i m e n t s  on a n y  g i v e n  
d a y  y i e l d  d a t a  t h r o u g h  which  a s m o o t h  

( 6 ) A .  L. Meyerson,  Summaries of Doctoral 
Dissertations (Madison, Wiscons in:  U n i v e r s i t y  
of  Wiscons in  P r e s s ,  1 9 5 0 ) ,  10,  4 6 5 - 6 7 ;  A .  L .  
Meyerson and F .  D a n i e l s ,  " R e l a t i v e  R a t e s  o f  
H y d r o l y s i s  of  Urea C o n t a i n i n g  Carbon-12  and 
Carbon-14, Science, 108,  676 (1948) .  

("A. S.  Roe and M .  Hellman, pr ivate  communi- 
c a t i o n ;  H. Gilman, G. E .  Dun?: and G .  s. Hammond, 
"Anunusual I soto  e E f f e c t ,  J. Am. Chem. S O C . ,  
73, 4499-4500 ( 1 9 g 1 ) .  
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c u r v e  may b e  d r a w n  when t o t a l  r a d i o -  
a c t i v i t y  e v o l v e d  a s  c a r b o n - 1 4  d i o x i d e  
i s  p l o t t e d  a g a i n s t  p e r *  c e n t  o f  r e -  
a c t i o n ,  i t  h a s  n o t  b e e n  p o s s i b l e  from 
d a y  t o  d a y  t o  o b t a i n  p o i n t s  t h a t  l i e  
on t h e  same  c u r v e .  T h i s  may be d u e  
t o  d i f f e r e n t  r e a c t i o n  i n h i b i t i o n  
p e r i o d s ,  d i f f e r e n t  d e g r e e s  o f  d e -  
a c t i v a t i o n  o f  enzyme,  or t e m p e r a t u r e  
e f f e c t s  on t h e  enzyme s o l u t i o n  p r i o r  
t o  r e a c t i o n .  

T h e  f o l l o w i n g  a r e  t h e  d a t a  f r o m  
o n e  e x p e r i m e n t :  

S p e c i f i c  A c t i v i t y  a s  
pc/mg C i n  t h e  C*O, Per c e n t  o f  

e v o l v e d  re a c t  i o n  

0.0372 
0.0416 
0 .0424  
0 .0454  
0 . 0 4 6 6  

3 . 6 9  
3 . 9 8  
4 . 7 0  

1 0 . 1  
8 3 . 0  

T h e s e  a r e  p l o t t e d  i n  F i g .  7 .  

F u r t h e r  e x p e r i m e n t s  a r e  n e c e s s a r y  
t o  a c h i e v e  s t a n d a r d  c o n d i t i o n s  b e f o r e  
t h i s  e f f e c t  c a n  b e  e v a l u a t e d  p r e -  
c i s e l y .  T h e  p r e s e n t  r e s u l t s ,  how- 
e v e r ,  i n d i c a t e  q u a l i t a t i v e l y  t h a t  a 
n o r m a l  i s o t o p e  e f f e c t  o c c u r s  i n  t h e  
u r e a  -c' - u r e a s e  r e a c t i o n .  

UNCLASSIFIED 

t z 0.0 

Fig. 7. A P l o t  o f  t h e  V a r i a t i o n s  
o f  S p e c i f i c  A c t i v i t y  w i t h  P e r  C e n t  
R e a c t i o n  i n  t h e  U r e a - C " - U r e a s e  Hy- 
d r o  l y s i s .  

ISOTOPE EFFECT IN THE CARBONATION OF 
ORGANOMETALLIC REAGENTS 

D. E .  P e a r s o n *  D.  N. Hess 
C. J .  C o l l i n s  

D u r i n g  a s y n t h e s i s  o f  c h r y s e n e - 5 ,  
6 -C :4 ,  a n  i s o t o p e  e f f e c t  was i n d i -  
c a t e d  i n  t h e  c a r b o n a t i o n  w i t h  c a r b o n -  
1 4  d i o x i d e  o f  9 - b e n z o  [ a ]  f h o r e n e -  
s o d i u m . ( ' )  The r a t i o  o f  t h e  o b s e r v e d  
m o l a r  s p e c i f i c  a c t i v i t i e s  o f  b a r i u m  
~ a r b 0 n a t e - C ~ '  ( 6 5 7  pc /mmole )  a n d  t h e  
b e n z o [ a l f l ~ o r e n e - 9 - c a r b o x y l i c - C ~ ~  
a c i d  ( 5 9 5  pc /mmole )  p r e p a r e d  f rom i t  
was 1 . 1 0 ,  i n d i c a t i n g  a n  i s o t o p e  e f -  
f e c t  o f  t h e  n o r m a l  t y p e .  

Owing  t o  t h e  known d i f f i c u l t i e s  
i n  o b t a i n i n g  c h e m i c a l l y  p u r e  b a r i u m  
c a r b o n a t e - C "  a n d  t o  t h e  a t t e n d a n t  
v a r i a t i o n s  i n  o b s e r v e d  s p e c i f i c  a c -  
t i v i t i e s  o f  a n y  g i v e n  s a m p l e  o f  
b a r i u m  c a r b o n a t e - C 1 4 ,  t h e  d a t a  r e -  
p o r t e d  by Mayor and C o l l i n s ( g )  c a n n o t  
b e  t a k e n  a s  p o s i t i v e  p r o o f  o f  a n  
i s o t o p e  e f f e c t .  An e x p e r i m e n t  t h e r e -  
f o r e  was d e v i s e d  w h i c h  c i r c u m v e n t e d  
t h e  d i f f i c u l t i e s  o f  t h e  M a y o r  a n d  
C o l l i n s  e x p e r i m e n t .  A l i t e r  b u l b  was 
f i l l e d  t o  n e a r l y  a t m o s p h e r i c  p r e s s u r e  
w i t h  t r a c e r - l e v e l  c a r b o n - 1 4  d i o x i d e .  
A l l  c a r b o n a t i o n s  were  c a r r i e d  o u t  
w i t h  a l i q u o t s  o f  t h i s  g a s .  The c a r -  
b o n a t i o n s  s h o w n  i n  t h e  f o l l o w i n g  
e q u a t i o n s  were s t u d i e d .  

T h e  m o l a r  r a d i o a c t i v i t y  o f  t h e  
c a r b o n - 1 4  d i o x i d e  w a s  e s t a b l i s h e d  
b y  p e r f o r m i n g  r e a c t i o n  1 w i t h  1 -  
m e t h y l - 9 - f l u o r e n s o d i u m  I i n  e x c e s s ,  
a n d  d e t e r m i n i n g  t h e  r a d i o a c t i v i t y  
o f  t h e  a c i d  I11  s o  o b t a i n e d .  T h i s  

*Member of t he  Research Par t ic i  a t i o n  Program 
s o n s o r e d  j o i n t l y  by t h e  Oak R i i g e  I n s t i t u t e  
of! Nuclear S t u d i e s  and Qak Ridge N a t i o n a l  Labo- 
r a to ry ;  permanent addres s ,  Vanderb i l t  Univers t iy ,  
N a s h v i l l e ,  Tennessee.  

(*)C. J.  C o l l i n s  2nd R.. H. Ma-yor,. " S y n t h e s i s  
of Chrysene-5,6-C:4, Chemis try  D r v r s r 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 Period Ending September  30, 
1950,  ORNL-870, p .  53. 

(')I6 id. 
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I 

Na 

I1 

t c*o, 

I11 

A 

H+ - 
V 

( 1 )  

IV 

m o l a r  s p e c i f i c  a c t i v i t y  w a s  t h e n  
checked  by c o n v e r t i n g  a n o t h e r  a l i q u o t  
of  t h e  c a r b o n - 1 4  d i o x i d e  t o  b e n z o i c -  
7 - C 1 4  a c i d  w i t h  a n  e x c e s s  o f  p h e n y l -  
magnesium b r o m i d e ,  and  p e r f o r m i n g  an 
a s s a y  on t h e  b e n z o i c  a c i d  o b t a i n e d .  
No i s o t o p e  e f f e c t  s h o u l d  be e x p e c t e d  
i n  e i t h e r  o f  t h e s e  r e a c t i o n s ,  s i n c e  
i n  e i t h e r  c a s e  a l l  o f  t h e  c a r b o n - 1 4  
d i o x i d e  was c o n v e r t e d  t o  t h e  a p p r o -  
p r i a t e  a c i d .  The  d a t a  e s t a b l i s h i n g  
t h e  m o l a r  s p e c i f i c  a c t i v i t y  o f  t h e  
c a r b o n - 1 4  d i o x i d e  r e s e r v o i r  a r e  g i v e n  
i n  T a b l e  3 .  

From t h e  d a t a  o f  T a b l e s  3 and  4 ,  
i t  is a p p a r e n t  t h a t  t h e  m o l a r  s p e c i f i c  
a c t i v i t y  o f  t h e  a c i d  I11 i s  3 . 2 4 %  
l e s s  t h a n  t h e  c a r b o n - 1 4  d i o x i d e  u s e d  
i n  i t s  p r e p a r a t i o n  when a 5 . 3 - f o l d  
e x c e s s  o f  t h e  l a t t e r  r e a g e n t  was u s e d ,  
and 1.83% l e s s  when a 1 . 5 - f o l d  e x c e s s  
w a s  u s e d .  I n  t h e  c a s e  o f  t h e  o n e  
b e n z o  [ a ]  f l u o r e n e  - 9 - c a r b o x y l i c  -C' 
a c i d  V I  e x p e r i m e n t  ( i n  which  1. S - f o l d  
e x c e s s  o f  c a r b o n - 1 4  d i o x i d e  was u s e d ) ,  
t h e  a c i d  V I  c o n t a i n e d  4 . 3 5 %  l e s s  
c a r b o n - 1 4  t h a n  t h e  c a r b o n - 1 4  d i o x i d e  
f rom which  i t  was p r e p a r e d .  

R e a c t i o n s  l a n d 2  were t h e n  c a r r i e d  
o u t  w i t h  a n  e x c e s s  o f  c a r b o n - 1 4  d i -  A l t h o u g h  t h e s e  d a t a  a r e  p r e s u m p -  
o x i d e  f r o m  t h e  r e s e r v o i r ,  a n d  t h e  t i v e  p r o o f  f o r  a n  i s o t o p e  e f f e c t  i n  
a c i d s  I11  a n d  V I  were i s o l a t e d  a n d  t h e  c a r b o n a t i o n  o f  o r g a n o m e t a l l i c  
t h e i r  m o l a r  r a d i o a c t i v i t i e s  a g a i n  compounds,  t h e  magn i tude  o f  t h e  meas-  
d e t e r m i n e d .  T h e s e  d a t a  a r e  g i v e n  i n  u r a b l e  f u n c t i o n  o f  t h i s  e f f e c t  i s  
T a b l e  4 .  o n l y  t w o  t o  t h r e e  t i m e s  t h e  t o t a l  
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I 
2.997 +_ 0.008 ( s t a n d a r d  d e v i a t i o n )  

Table 3 

Radioactivity of Carbon- 14 Dioxide Reservoir 

RADIOACTIVITY (cLc/mmole) 

l - M e t h y l f  l u o r e n e - 9 -  
c a r b o x y l i c - C '  a c i d s  

Benzoic  -7-C14 a c i d  

Average of  a l l  d e t e r m i n a t i o n s  

WET COMBUSTION* 

2 .907  
2 . 9 8 3  
3 .031  
2 .991  

2 .989  

DRY COMBUSTION** 

3 .003  

3 .003  

* D e t e r m i n a t i o n s  made by D. E .  Pea r son  
**De te rmina t ions  made by D. N. Hess 

Table 4 

Radioactivities of Acids I11 and VI When Prepared With 
an Excess of Carbon-14 Dioxide 

1 -Me t h y 1  f l u o r e n e  - 9 - 
c a r b o x y l i c - C 1 4  a c i d  I11 

Average 

Benzo [ a ]  f l u o r e n e - 9 -  
c a r b o x y l i c - C i 4  a c i d  V I  

Average 

RADIOACTIVITY ( d m m o l e  

5.3-FOLD EXCESS OF C*02 
WET 

2 OMBUST I ON (*) 

2.863 
2 .923  
2 .960  
2 .888  
2 .092  

DRY 
COMBUSTION *) 

~- 

2.894 

2.903 k 0.014 

! 
( 3 D e t e r m i n a t i o n s  made by D. E .  Pea r son  
(b )De te rmina t ions  made by D. N .  Hess 

1.5-FOLD EXCESS OF C*O, 
WET 

:O MBUST ION (a) 

2 .960  
2.962 
2.926 
2.926 
2 .956  
2 .923  

~ 

DRY 
COMBUSTION 

2 . 9 5 8  

2 .944  + 0.006 

2 . 8 9 1  
2 .824  

2 .857  

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

. 
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THERMAL DECOMPOSITION OF MERCUROUS 
FORMATE-C14 

V .  F .  Raaen  G .  A .  Ropp 

B e c a u s e  o f  a n  i n t e r e s t  i n  t h e  
i s o t o p e  e f f e c t  i n  t h e  r e a c t i o n s  o f  
f o r m i c  a c i d ( " )  a n d  f o r m a t e s ,  t h e  
r e c e n t l y  s t u d i e d  d e c o m p o s i t i o n  o f  
mercu rous  f o r m a t e ,  ( 

75-95OC 
2HgOOCH 2Hg + HCOOH + CO,T, 

was  e x a m i n e d  f o r  i s o t o p e  f r a c t i o n a -  
t i o n  u s i n g  c a r b o n  -14-  l a b e  l e d  mercu rous  
f o r m a t e .  I t  w a s  t h o u g h t  p o s s i b l e  
t h a t  t h e  d i s t r i b u t i o n  o f  t h e  c a r b o n  
b e t w e e n  t h e  t w o  p r o d u c t s ,  l i q u i d  
f o r m i c  a c i d  a n d  g a s e o u s  c a r b o n  d i -  
o x i d e ,  m i g h t  g i v e  r i s e  t o  an  i s o t o p e  
e f f e c  t o f u n u s  u a  1. ma gn  i t u d e  w h i c h  
c o u l d  be e a s i l y  f o l l o w e d  a s  a v a r i a -  
t i o n  o f  t h e  c a r b o n  d i o x i d e  s p e c i f i c  
a c t i v i t y  w i t h  p e r  c e n t  r e a c t i o n .  

An i s o t o p e  e f f e c t  was p o s i t i v e l y  
d e m o n s t r a t e d  by  t h e  i n c r e a s e  o f  t h e  
c a r b o n  d i o x i d e  s p e c i f i c  w i t h  t ime a s  
t h e  r e a c t i o n  p r o c e e d e d .  However t h e  
r e a c t i o n  d i d  n o t  o b e y  t h e  s i m p l e  
f i r s t - o r d e r  r a t e  l a w  a s  h a d  b e e n  
r e p o r t e d , ( 1 2 )  and t h e r e f o r e  t h e  r a t i o ,  
k l , / k l , ,  o f  t h e  c a r b o n - 1 4  r a t e  c o n -  
s t a n t  t o  t h e  c a r b o n - 1 2  r a t e  c o n s t a n t  
c o u l d  n o t  be e v a l u a t e d .  

Expe r imen t  a1 

Preparation of mercurous formate- 
C14. By t h e  m e t h o d  o f  M i l l e r  a n d  
Murphy( m e r c u r o u s  f o r m a t e  -C '  was 

( l 0 ) G .  .A. Ropp, A .  J .  Weinberger, and 0. K .  
N e v i l l e ,  Isp$oye E f f e c t  i n  Decompos i t ion  o f  
Formic Acid-C, , C h e m i s t r y  D i v i s i o n  Q u a r t e r  Zy 
P r o g r e s s  Re o r t  for P e r i o d  Ending December 31, 
1950,  (;RNL-!036, p .  47 .  

("'G. A .  M i l l e r  and G .  W .  Murphy, " K i n e t i c s ,  
of the Decomposition of S o l i d  Mercurous Formate, 
J. A m .  Chern. S O C . ,  7 3 ,  1871 (1951). 

( l2 ' I b i d .  
(13 ' I b i d .  

p r e c i p i t a t e d  a t  low t e m p e r a t u r e s  f rom 
a s o l u t i o n  o f  sod ium f o r m a t e - C 1 4  t h a t  
h a d  a s p e c i f i c  a c t i v i t y  o f  a b o u t  1 0  
pc/mg. A l t h o u g h  a l l  p r e c a u t i o n s  were 
t a k e n  i n  p u r i f y i n g  and  h a n d l i n g  t h e  
s o l i d ,  some s a m p l e s  d a r k e n e d  s l i g h t l y  
b e f o r e  u s e .  

Demonstration of the isotope frac- 
tionation in the c a r b o n - 1 4  dioxide. 
L a b e l e d  m e r c u r o u s  f o r m a t e  ( 1 0  mmoles,  
2 . 5 0  g >  was p e r m i t t e d  t o  d e c o m p o s e  
o v e r  an  8 - h r  p e r i o d  i n  a 2 5 - m l  r e -  
a c t i o n  b u l b  a t  7 0  t o  7 5 ° C .  The b u l b  
was c o n t i n u o u s l y  swep t  w i t h  n i t r o g e n ,  
w h i c h  was p r e v i o u s l y  p a s s e d  t h r o u g h  
d r i e r i t e - a s c a r i t e  m i x t u r e  and  t h r o u g h  
a q u e o u s  p o t a s s i u m  h y d r o x i d e  t o  s a t -  
u r a t e  t h e  g a s  w i t h  w a t e r .  G a s e s  
l e a v i n g  t h e  r e a c t i o n  b u l b  were p a s s e d  
t h r o u g h  a s e r i e s  o f  n i n e  a b s o r p t i o n  
b o t t l e s  e q u i p p e d  w i t h  f r i t t e d  b u b b l e  
t u b e s .  The b o t t l e s  were f i l l e d  w i t h  
s a t u r a t e d  a q u e o u s  b a r i u m  h y d r o x i d e .  
When t h e b a r i u m  h y d r o x i d e  i n  t h e  f i r s t  
b o t t l e  w a s  e x h a u s t e d ,  t h a t  b o t t l e  
was b y - p a s s e d  and  t h e  g a s  was p a s s e d  
t h r o u g h  t h e  s u c c e e d i n g  e i g h t  b o t t l e s .  
I n  t h i s  m a n n e r  e a c h  o f  t h e  f i r s t  
e i g h t  b o t t l e s  was i n  t u r n  b y - p a s s e d  
t o  p r e v e n t  p o s s i b l e  e x c h a n g e  o f  t h e  
c a r b o n  d i o x i d e  w i t h  p r e v i o u s l y  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 .  When 
t h e  r e a c t i o n  was c o m p l e t e ,  t h e  b a r i u m  
c a r b o n a t e  s a m p l e s  w e r e  c o l l e c t e d ,  
washed  t h o r o u g h l y  w i t h  w a t e r  by d e -  
c a n t a t i o n ,  f i l t e r e d ,  and  d r i e d  15 h r  
a t  1 2 0 ° C  i n  a s t r e a m  o f  n i t r o g e n .  
T h e  w a s h i n g  a n d  d r y i n g  p r o c e d u r e s  
were  c r i t i c a l  i n  o b t a i n i n g  r e p r o -  
d u c i b l e  a s s a y s  o f  t h e  b a r i u m  c a r -  
b o n a t e - c ' , .  The b a r i u m  ~ a r b 0 n a t e - C ' ~  
s a m p l e s  were w e i g h e d .  C o l l e c t i v e l y  
t h e y  r e p r e s e n t e d  91% r e c o v e r y  o f  
c a r b o n  d i o x i d e .  Weighed s a m p l e s  were  
decomposed  w i t h  85% p h o s p h o r i c  a c i d  
a n d  e a c h  c a r b o n - 1 4  d i o x i d e  s a m p l e  
r e l e a s e d  was c o l l e c t e d  i n  a s t a i n l e s s  
s t e e l  i o n  c h a m b e r  f o r  r a d i o c h e m i c a l  
a s s a y .  T a b l e  5 p r e s e n t s  t h e  r e s u l t s  
o f  t h e s e  a s s a y s .  
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SAMPLE BaC1 0, 

T a b l e  5 

PER CENT OF REACTION SPECIFIC ACTIVITY 
REPRESENTED (pc/mg x l o 2 )  

5 
5 
5 

15 
36 
1 6  

9 

9 . 9 8  
9 .99  

1 0 . 0 3  

1 0 . 3 8  
1 0 . 5 7  
1 1 . 1 7  

- 

EXAMINATION O F  A MEERWEIN REACTION 
FOR AN I S O T O P E  E F F E C T  

V .  F.  Raaen G. A.. Ropp 

The r e a c t i o n  o f  p - n i t r o p h e n y l d i a -  
z o n i u m  c h l o r i d e  w i t h  b u t a d i e n e  i n  
t h e  p r e s e n c e  o f  c u p r i c  c h l o r i d e  a n d  
s o d i u m  a c e t a t e ,  w h i c h  i s  a n  e x a m p l e  
o f  a M e e r w e i n  r e a c t i o n , ( 1 4 )  was e x -  
a m i n e d  f o r  a n  i s o t o p e  e f f e c t  u s i n g  
1 , 3 - b u t a d i e n e - l - C 1 4 .  I n  t h e  e v e n t  o f  
a n  i s o t o p e  e f f e c t  t h e  p r o d u c t ,  1- 
c h l o r o - 4 - ( p - n i t r o p h e n y l ) b u t e n e - 2 ,  
c o u l d  h a v e  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  c a r b o n - 1 4  i n  t h e  a l p h a  a n d  d e l t a  
p o s i t i o n s  t o  t h e  r i n g .  I n  t h e  a b -  
s e n c e  o f  a n y  i s o t o p e  e f f e c t  t h e s e  
two  p o s i t i o n s  w o u l d  h a v e  i d e n t i c a l  
c o n c e n t r a t i o n s  o f  c a r b o n - 1 4 :  

CUC1, 
H,C14 = CH-CH = CH, NaOOCCH, N27 + 

O,N< \t C14H2-CH =CH-CH,Cl i- 

0 2 N <  \>CH,-CH =CH-C14H,C1. 

(14)E.  C. Coyner and G. A.  Ropp,,,"Preparation 
of 1-(p-nitro heny1)-l,S-butadiene, J. A m .  Chen. 
SOC. ,  70, 2285-4 (1948). 

. 

F u r t h e r m o r e ,  i n  t h e  a b s e n c e  o f  a n y  
i s o t o p e  e f f e c t  t h e  a l p h a  p o s i t i o n  t o  
t h e  r i n g  w o u l d  h a v e  o n e - h a l f  t h e -  
c a r b o n - 1 4  c o n c e n t r a t i o n  o f  t h e  e n t i r e  
m o l e c u l e ;  t h i s  r e l a t i o n s h i p  would n o t  
h o l d  i n  t h e  e v e n t  o f  a n  i s o t o p e  e f f e c t .  
For t h e s e  r e a s o n s  t h e  c a r b o n  - 1 4 - l a -  
b e l e d  p r o d u c t  w a s  f i r s t  r a d i o c h e m -  
i c a l l y  a s s a y e d  a s  s u c h ,  and  t h e n  was 
d e g r a d e 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 a l s o  a s s a y e d :  

O,N< \>C14H2 -CH = CH-C14H2C1 

------+ o x i d a t i o n  02N<-> C"00H + 

3C0, -t 2H20 -t HC1. 

T h e  a b s e n c e  o f  a n  i s o t o p e  e f f e c t  
was shown by t h e  f a c t  t h a t  t h e  s p e -  
c i f i c  a c t i v i t y  o f  t h e  p - n i t r o b e n z o i c  
a c i d  w a s  o n e - h a l f  t h a t  o f  t h e  1-  
chloro-4-(p-nitrophenyl)-butene-2, 
w i t h i n  e x p e r i m e n t a l  e r r o r .  T h i s  
mean t  t h a t  t h e  r a t e  o f  a t t a c k  on t h e  
l a b e l e d  e n d  o f  b u t a d i e n e  m o l e c u l e  
was t h e  same a s  t h e  r a t e  o f  a t t a c k  on 
t h e  u n l a b e l e d  e n d .  

B e c a u s e  t h e  p r o d u c t  l - c h l o r o - 4 -  
(p-nitrophenyl)-butene-2 is  a l i q u i d ,  
i t s  s p e c i f i c - a c t i v i t y  d e t e r m i n a t i o n  
was mos t  r e a d i l y  a c c o m p l i s h e d  a f t e r  
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d e h y d r o h a l o g e n a t i o n ( "  t o  t h e  c r y s -  
t a l l i n e ,  e a s i l y  p u r i f i e d  d i e n e ,  1- 
p - n i t r o p h e n y l b u t a d i e n e  - 1 , 3 .  

O,N< \>- C14H2-CH = CH-Cl4H2C1 

KOH 
d 02N<-\>C14H = CH-CH = 
CH, OH 

C14H2 + HC1. 

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

B u t a d i e n e ,  u n s y m m e t r i c a l l y  l a b e l e d  
w i t h  c a r b o n - 1 4 ,  w a s  s y n t h e s i z e d  
a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n s :  

Ci4H,I  -t Mg- C"H,MgI , 

C14H,MgI i- CH,=CH-CHO 

p2 0, 
C14H, -CHOH-CH=CH, 

Cl4H2=CH-CH=CH + H 2 0 .  

Expe r i men ta 1 

Synthesis of I ,  3-butadiene-I-Ci4. 
By a c o n v e n t i o n a l  G r i g n a r d  a d d i t i o n ,  
m e t h y l - C 1 4  v i n y l  c a r b i n o l  was  p r e -  
p a r e d  by a d d i t i o n  o f  m e t h ~ 1 - C ' ~  i o d i d e  
t o  a c r o l e i n .  From m e t h ~ 1 - C ' ~  v i n y l  
c a r b i n o l ,  1 , 3 - b u t a d i e n e - l - C 1 4  w a s  
p r e p a r e d  i n  33% y i e l d  by  h e a t i n g  t o  
3 0 O O C  i n  n i t r o g e n  a t m o s p h e r e  o v e r  
p h o s p h o r u s  p e n t o x i d e .  The d i e n e  had  
a s p e c i f i c  a c t i v i t y  o f  a b o u t  l p c / m o l e .  

M e e r w e  in react ion of 1 , 3 -  butadiene- 
I - C f 4 .  The r e a c t i o n  o f  p - n i t r o p h e n y l -  

( l5 ) I b  id. 

d i a z o n i u m  c h l o r i d e  w i t h 1 , 3 - b u t a d i e n e -  
l - C 1 4  and  t h e  d e h y d r o h a l o g e n a t i o n  o f  
t h e  p r o d u c t ,  l - c h l o r o - 4 - ( p - n i t r o -  
p h e n y l ) - b u t e n e - 2 ,  were c a r r i e d  o u t  a s  
d e s c r i b e d  by  C o y n e r  a n d  R o p p . ( 1 6 )  
l - p - N i t r o p h e n y l b u t a d i e n e - 1 , 3  w a s  
o b t a i n e d  (mp 82 t o  83OC). 

Oxidat ion of I-chloro- 4- ( p - n  itro- 
phenyl)-butene-2. Two g r a m s  o f  t h e  
o i l y  d i s t i l l e d  c h l o r i d e  was added  t o  
a c o o l e d  s o l u t i o n  o f  1 5  g o f  s o d i u m  
d i c h r o m a t e ,  5 0  m l  o f  w a t e r ,  and 15 m l  
o f  c p  s u l f u r i c  a c i d .  The  m i x t u r e  was 
b o i l e d  3 h r  a n d  poured  o n t o  i c e .  The 
p - n i t r o b e n z o i c  a c i d  w a s  e x t r a c t e d  
w i t h  sod ium b i c a r b o n a t e  s o l u t i o n ,  and  
on a c i d i f i c a t i o n  a b o u t  1 g ( 6 3 % ) ,  mp 
235 t o  237OC, was r e c o v e r e d .  

A f t e r  b o t h  t h e  l - p - n i t r o p h e n y l -  
1 , 3 - b u t a d i e n e  a n d  t h e  p - n i t r o b e n z o i c  
a c i d  were 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 ,  b o t h  were a s s a y e d  r a d i o c h e m -  
i c a l l y .  The s p e c i f i c  a c t i v i t y  o f  t h e  
p - n i t r o b e n z o i c  a c i d  when d o u b l e d  was 
1.1% g r e a t e r  t h a n  t h e  s p e c i f i c  a c -  
t i v i  t y  o f  t h e  1 - p  - n  i t r  o p h e n y  1- 1 , 3  - 
b u t a d i e n e ,  a d i f f e r e n c e  p r o b a b l y  due  
t o  e x p e r i m e n t a l  e r r o r .  The f o l l o w i n g  
f i g u r e s  were o b t a i n e d :  

Acid  (pc /mmole) ,  1 . 3 4 5 ,  1 . 3 6 0  
D i e n e  (pc /mmole ) ,  2 . 6 4 5 ,  2 . 7 0 4 ,  2 . 6 3 5  

EXAMINATION OF A DIELS-ALDER REACTION 
FOR AN ISOTOPE EFFECT 

G. A .  Ropp V.  F. Raaen  

The b e l i e f  t h a t  t h e r e  m i g h t  b e  a 
m e a s u r a b l e  i s o t o p e  e f f e c t  i n  a s i m p l e  
a d d i t i o n  r e a c t i o n  l e d  t o  a s t u d y  o f  
t h e  a d d i t i o n  o f  2 , 3 - d i m e t h y l b u t a d i e n e  
t o  P - n i t r o s t y r e n e  l a b e l e d  w i t h  c a r b o n -  
1 4  i n  t h e  a l p h a  p o s i t i o n  t o  t h e  r i n g .  
T h i s  r e a c t i o n ( " )  p r o c e e d s  a t  low 
t e m p e r a t u r e s  and g i v e s  h i g h  y i e l d s  o f  
a n  e a s i l y  p u r i f i e d  a d d u c t .  

(16) lb id .  
(17)C. F. H. A l l e n ,  A.. Bell, nd. J .  W .  Gates!, 

Jr .  , 'The Diene S y n t h e s i s  w i t h  I f -Nitrostyrene ,  
J .  Org. C h e n . ,  8 ,  373-9  (1943) .  
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yCH2 
CH, - C 

CH, - C 

\CH2 

+ C,H5C14H = CHNO, 

t o l u e n e  
r 

80-100 '  

CH, -C?"' 'H-C,HS 
II I 

CH, C CH-NO, 
'C' 

To t e s t  f o r  an i s o t o p e  e f f e c t ,  the 
r e a c t i o n  of 2 , 3 - d i m e t h y l b u t a d i e n e  
w i t h  P - n i t r ~ s t y r e n e - a - C ' ~  w a s  p e r -  
m i t t e d  t o  go t o  c o m p l e t i o n ,  a n d  t h e  
p r o d u c t  was i s o l a t e d  and  i t s  s p e c i f i c  
a c t i v i t y  m e a s u r e d .  

When t h e  r e a c t i o n  was  r e p e a t e d ,  
b u t  s t o p p e d  a t  a p p r o x i m a t e l y  3 0 %  
c o m p l e t i o n ,  t h e  i s o l a t e d  p r o d u c t  had  
e s s e n t i a l l y  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  i n  t h e  f i r s t  r e a c t i o n ,  i n -  
d i c a t i n g  n o  i s o t o p e  e f f e c t .  T h e  
r e a c t i o n  i s  b e i n g  r e p e a t e d ,  s t o p p i n g  
a t  s m a l l e r  p e r c e n t a g e  r e a c t i o n s ,  t o  
improve  t h e  s e n s i t i v i t y  o f  t h e  method.  
A s i m i l a r  s t u d y  w i t h  P - n i t r o s t y r e n e -  
P _ c ' ~  is a l s o  i n  p r o g r e s s .  

S i n c e  c e r t a i n  D i e l s - A l d e r  r e a c -  
t i o n s  a r e  r e v e r s i b l e , ( " )  i t  was o f  
i n t e r e s t  t o  d e m o n s t r a t e  t h a t  t h e  
a d d u c t  f o r m e d  f r o m  2 , 3 - d i m e t h y l -  
b u t a d i e n e  a n d  P - n i t r o s t y r e n e  d i d  
n o t  d e c o m p o s e  e v e n  a t  1 3 0 ° c , =  i . e . ,  
50" a b o v e  t h e  t e m p e r a t u r e  a t  w h i c h  
t h e  r e a c t a n t s  c o m b i n e d  to f o r m  t h e  
a d d u c t .  S i n c e  t h e  r e v e r s e  r e a c t i o n  
was shown n o t  t o  o c c u r  a t a  m e a s u r a b l e  
r a t e ,  t h e  p o s s i b i l i t y  was e l i m i n a t e d  
t h a t  a n  i s o t o p e  e f f e c t  m i g h t  h a v e  
b e e n  p r e s e n t  b u t  m a s k e d  by  a r a p i d  
e x c h a n g e  o f  t h e  a d d u c t  w i t h  t h e  
d i e n e o p h i l e .  T h i s  p r o o f  o f  i r r e v e r s -  
i b i l i t y  was e f f e c t e d  by  h e a t i n g  P -  
n i t r ~ s t y r e n e - a - C ' ~  w i t h  a p o r t i o n  o f  

('*)M. C .  K l o e t z e l ,  "The Die l s -Adler  Reaction 
w i t h  Maleic  Anhydride, ' '  O r g a n i c  Reactions (New 
York: John Wiley & Sons, 1948), IV, 9. 

t h e  u n l a b e l e d  a d d u c t  f o r  2 4  h r  a t  
13OoC, i s o l a t i n g  t h e  a d d u c t ,  and show- 
i n g  t h a t  i t  c o n t a i n e d  o n l y  background  
a c t i v i t y .  

The  f o l l o w i n g  r e a c t i o n s  were u s e d  
i n  t h e  s y n t h e s i s  of  t h e  l a b e l e d  d i -  
e n o p h i l e s  : 

S,  Pd/BaS04 
C,HSC'40Cl + H, - 

C,H5C14H0 + HCl, 

NaOH C,H&"HO + CH,NO, - 
C,H,C14H = CHNO, + H,O, 

C"H31 i- AgONO- C"H,NO, $- AgI ,  

NaOH 
C,H,CHO i- C"H,NO, -----+ 

C,H,CH = C14HN02 t H,O. 

Experimental 

S y n t h e s i s  of dienophiles. C o n -  
v e n t i o n a l  p r o c e d u r e s  were u s e d  i n  
s y n t h e s i z i n g  l a b e l e d  b e n z a l d e h y d e ,  ( ' ' )  

n i t r o m e t h a n e , ( , ' )  a n d  t h e  0 - n i t r o -  
s t y r e n e s ( 2  ' )  h a v i n g  s p e c i f i c  a c t i v i -  
t i e s  o f  1 t o  5 pc/mmole.  

Diels-Alder reactions. I n  a t y p i -  
c a l  r u n  i n  w h i c h  t h e  r e a c t i o n  w a s  
c a r r i e d  t o  c o m p l e t i o n ,  30 mmoles  of 
2 , 3 - d i m e t h y l b u t a d i e n e ,  2 0  mmoles  o f  
, 8 - n i t r o s t y r e n e ,  a n d  3 0  m m o l e s  o f  
t o l u e n e  were stirred a t  r e f l u x  tem- 
p e r a t u r e .  The c o u r s e  o f  t h e  r e a c t i o n  
i n  t h i s  c a s e ,  a s  i n  t h o s e  w h e r e  t h e  
r e a c t i o n  was s t o p p e d  b e f o r e  c o m p l e -  
t i o n ,  was  f o l l o w e d  by  p l o t t i n g  t h e  

('"E. Mosett ig  and €3. Mozingo, "The Rozenmund 
Reduction of Ac id  Chlor ide  t o  A l c o h o l s ,  i b i d . ,  
p. 362. 

( 2 0 ) J .  C. Sowden, "The Condensation of C14-  
nitromethane w i t h  D-arapjnose:  PrepF,ration of 
1 - C I 4  -D-g lucose  and l - C  -D-mannose, J .  Bioi. 
Chen. ,  180, 55-8  (1949). 

(21)A. H .  B l a t t ,  O r g a n i c  Syntheses (2d e d . ;  
N e w  York: John Wiley & Sons, 19461, C o l l .  Vol. 
I ,  p .  413. 
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e q u i l i b r i u m  t e m p e r a t u r e  o f  t h e  b o i l i n g  9 2 . 5 " C )  h a d  a s p e c i f i c  a c t i v i t y  o f  
s o l u t i o n  a g a i n s t  t ime.  T h i s  t e m p e r a -  1 . 2 9  p c / m g  a s  c o m p a r e d  w i th  1 . 3 0  
t u r e  r o s e  s t e a d i l y  a n d  t h e  p e r  c e n t  ,cLc/mg f o r  a d d u c t  r e c o v e r e d  a f t e r  com- 
c o m p l e t i o n  w a s  i n d i c a t e d  a p p r o x i -  p l e t e  r e a c t i o n .  
m a t e l y  by t h e  l i q u i d  t e m p e r a t u r e  a s  

a n d  t h e  s o l u t i o n  b e c a m e  m o r e  c o n -  
t h e  more v o l a t i l e  d i e n e  was consumed A D D I T I O N  OF WATER TO DIPHENYL(ACET- 

YLENE-1-C '4 )  
c e n t r a t e d .  I n  t h e  c a s e  o f  t h e  r e -  
a c t i o n ,  wh ich  was c a r r i e d  t o  a p p r o x i -  
m a t e l y  30% c o m p l e t i o n ,  t h e  h e a t i n g  
was s t o p p e d  when t h e  t e m p e r a t u r e  r o s e  
from 85 t o  93 .5"C .  The e x c e s s  d i e n e  
a n d  t h e  t o l u e n e  were d i s t i l l e d  o f f  
i n  vacuo a n d  p u r e  a d d u c t  w a s  s e p a -  
r a t e d  f r o m  u n r e a c t e d  d i e n o p h i l e  i n  
t h e  r e s i d u e  by f r a c t i o n a l  e x t r a c t i o n  
w i t h  e t h a n o l ,  r e c r y s t a l l i z a t i o n -  f rom 
a q u e o u s  e t h a n o l ,  and vacuum s u b l i m a -  
t i o n .  R e c o v e r e d  a d d u c t  (mp 9 1 . 5  t o  

J .  G. B u r r ,  J r .  

T h e  p o s s i b l y  u n s y m m e t r i c a l  a d d i -  
t i o n  of  t h e  e l e m e n t s  of  w a t e r  a c r o s s  
t h e  C12=C14 t r i p l e  b o n d  of d i p h e n y l  
( a c e t y l e n e - l - C 1 4 )  h a s  b e e n  i n v e s t i -  
g a t e d .  T h i s  s u b s t a n c e  w a s  s y n t h e -  
s i z e d  by t h e  p r o c e d u r e  of Newman a n d  
K n t n e r . ( 2 2 )  The s e r i e s  of r e a c t i o n s  
employed i n  t h e  s y n t h e s i s ,  h y d r a t i o n ,  
and d e g r a d a t i o n  o f  t h e  h y d r a t e d  a c e t y -  
l e n e  f o l l o w s :  

'6 H5 OH 
\c*=o ------+ 5 \ L * - C H 2 C O O C 6 H S  A 

/ 
C 6 H 5  

/ 
C 6 H 5  i C,H5 

I 1 . 5 2  I1 1 . 5 7  I11 1 . 5 2  

I 
C 6 H 5 /  \ / N H  

C*, 

v 1 . 5 7  VI 

C6H5 

L 
C6H5 

\C*=O + C6HSC*OOH 
/ 

C6H5 / C 6 H 5  

I V  1 . 5 4  

VI1 1 . 5 6  I A  0 .76  V I 1 1  

T h e  a r a b i c  n u m e r a l s  r e p r e s e n t  t h e  
(22)M. S. Newman and A.  Kutner, "New Reactions r a d i o a c t i v i t i e s  in pc/mmole.  "he 

I n v o l v i n g  A l k a l i n e  Treatment  of 3 - N i t r o s o - 2 -  
oxazol idones,  J .  Am. Chetn. S O C . ,  73,  4199 (1951). a v e r a g e  o f  t e n  d e t e r m i n a t i o n s  u p o n  
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t h e  compounds  I t h r o u g h  V I 1  was 1 . 5 5  
k 0 .02  p c , o f  C14/mmole. When t h i s  i s  
c o m p a r e d  w i t h  t h e  v a l u e  o f  1 . 5 2  2 
0 . 0 2  p c  o f  Cl4 /mrnole ,  w h i c h  i s  twice  
t h e  o b s e r v e d  a c t i v i t y  o f  t h e  d e g r a d a -  
t i o n  p r o d u c t ,  I ,  i t  i s  a p p a r e n t  t h a t  
i f  t h e r e  i s  a n y  i s o t o p e  e f f e c t  i n  t h e  
h y d r a t i o n  o f  d i p h e n y l a c e t y l e n e  i t s  
m e a s u r a b l e  f u n c t i o n  m u s t  b e  o f  t h e  
o r d e r  o f  1 t o  2%. The r e s u l t s  o f  t h e  
a s s a y s  u p o n  t h e  o t h e r  d e g r a d a t i o n  
p r o d u c t ,  b e n z o i c  a c i d  VIII, c o u l d  n o t  
b e  a p p l i e d  t o  t h i s  s t u d y ,  s i n c e  t h e  
low v a l u e  o b t a i n e d ,  0 . 6 6  pc o f  C 1 4 /  
m m o l e ,  i n d i c a t e d  t h a t  t h e  b e n z o i c  
a c i d  m u s t  h a v e  b e e n  d i l u t e d  d u r i n g  
t h e  o x i d a t i o n  o f  V I 1  w i t h  b e n z o i c  
a c i d  f rom some i n a c t i v e  s o u r c e - p r o b -  
a b l y  f r o m  i m p u r i t i e s  p r e s e n t  i n  t h e  
c r u d e  c a r b i n o l  V I 1  u s e d  f o r  t h e  o x i -  
d a t i o n .  

Experimental 

D i p h e n y l  k e t o n e - C f 4  I. T h i r t y -  
f i v e  g rams  o f  a luminum c h l o r i d e  w a s  
a d d e d  p o r t i o n w i s e  t o  a m i x t u r e  of 56 
g b e n z e n e ,  6 0  m l  o f  c a r b o n  d i s u l f i d e ,  
2 8 . 1  g o f  b e n z o y l  c h l o r i d e ,  and  5 0 . 1  
mg o f  b e n z o i c  a c i d  c o n t a i n i n g  a b o u t  
1 mc o f  c a r b o n - 1 4 .  A f t e r  s t i r r i n g  
o v e r n i g h t ,  t h e  m i x t u r e  was h y d r o l y z e d ,  
a n d  t h e  p r o d u c t  p r o c e s s e d  a n d  t h e n  
d i s t i l l e d .  The  p r o d u c t  was 2 6 . 3 4  g 
( 7 2 % ) .  The s t i l l  was r e c h a r g e d  w i t h  
2 1 . 3 3  g o f  i n a c t i v e  b e n z o p h e n o n e ,  o f  
w h i c h  J 9 . 7 0  g w a s  r e c o v e r e d  i n  t h e  
d i s t i l l a t e ,  making  a t o t a l  o f  4 6 . 0 4  g 
( 2 5 3  m m o l e s )  o f  c r y s t a l l i n e  b e n z o -  
phenone .  A p o r t i o n  o f  t h i s  was c o n -  
v e r t e d  t o  t h e  o x i m e ,  mp 141"C,  w h i c h  
was r e c r y s t a l l i z e d  f o r  a s s a y .  T h e  
a s s a y  s h o w e d  1 . 5 0 ,  1 . 5 3  p c  o f  C 1 4 /  
mmole . 

Ethy 1 3-hydroxy- 3,3-diphenylpropi- 
onate-3-Ci4 II. T h i s  was p r e p a r e d  by 
t h e  p r o c e d u r e  o f  Rupe and B u s o l t , ( 2 3 )  

i n  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  a s  
a s o l i d ,  w h i c h  a f t e r  c r y s t a l l i z a t i o n  
m e l t e d  a t  85 t o  86°C .  I t  c o n t a i n e d  
1 . 5 6 ,  1 .58  pc o f  Cl4/mrnole. 

3 - H y d r o x y - 3 , 3 - d i p h e n y l p r o p i o n i c  
acid-3-C" hydrazide III. T h i s  w a s  
p r e p a r e d  b y  r e f l u x i n g  t h e  e s t e r  
( 1 3 . 5  g )  w i t h  a m i x t u r e  of  1 0  m l  o f  
95% h y d r a z i n e  h y d r a t e  a n d  2 5  m l  o f  
e t h a n o l  for 3 h r .  The y i e l d  was 1 6  g 
o f  c o l o r l e s s  s o l i d ,  w h i c h  a f t e r  c r y s -  
t a l l i z a t i o n  f r o m  b e n z e n e  m e l t e d  a t  
1 3 0 ° C  a n d  c o n t a i n e d  1 . 5 2  p c  o f  C 1 4 /  
mmole. 

5 , 5 - D i p h e n y l - 2 - o x a z o  1 i d o n e - 4 - C i  
I V .  A s o l u t i o n  o f  t h e  h y d r a z i d e  
( 7 . 2  g )  i n  60 m l  o f  6 N h y d r o c h l o r i c  
a c i d  was t r e a t e d ,  w i t h  s t i r r i n g ,  w i t h  
a s o l u t i o n  o f  2 . 1  g o f  s o d i u m  n i t r i t e  
i n  15 m l  o f  w a t e r .  The s u s p e n s i o n  o f  
w h i t e  s o l i d  t h a t  formed was h e a t e d  on  
t h e  s t e a m  b a t h  u n t i l  c e s s a t i o n  o f  g a s  
e v o l u t i o n ,  a n d  t h e  r e s u l t i n g  c l e a r  
y e l l o w  s o l u t i o n  was c o o l e d  and  d i l u t e d  
w i t h  w a t e r .  T h e  p a l e  y e l l o w  c r y s -  
t a l l i n e  s o l i d  t h a t  formed was f i l t e r e d  
( 4 . 1  g ,  mp 196  t o  198OC) and  c r y s t a l -  
l i z e d  f rom e t h a n o l  t o  g i v e  c o l o r l e s s  
c r y s t a l s  m e l t i n g  a t  2 0 0 ° C  a n d  c o n -  
t a i n i n g  1 . 5 6 ,  1 . 5 2  ILC o f  C14/mmole. 

The 
a b o v e  o x a z o l i d o n e  w a s  c o n v e r t e d  
t h r o u g h  t h e  n i t r o s o  compound t o  t h e  
a c e t y l e n e  by t h e  p r o c e d u r e  d e s c r i b e d  
by Newman and  K u t n e r . ( 2 4 )  The a c e t y -  
l e n e  was o b t a i n e d  i n  60% y i e l d  a s  a 
p a l e  c r e a m  s o l i d  (mp 5 2  t o  5 5 ° C ) .  
R e c r y s t a l l i z a t i o n  f rom a l c o h o l  w a t e r  
g a v e  c o l o r l e s s  n e e d l e s  m e l t i n g  a t  
56  t o  57°C and  c o n t a i n i n g  1 . 5 9 ,  1 . 5 6  
p c  o f  ~ ' ~ / m m o l e .  

Dipheny 2 (ace t y  Zene - 1 - C :  ) V .  

B e n z y l  p h e n y l  k e t o n e - C f 4  VI. A 
p o r t i o n  o f  t h e  a b o v e  a c e t y l e n e  ( 0 . 5 0  
g )  was warmed w i t h  a m i x t u r e  o f  5 m l  
c o n c e n t r a t e d  s u l f u r i c  a c i d  and  15 m l  

(23)H. Ru e and E. Buso!,t, "P-Phenyl-zimtsaure 
(P,P-Dipheny~-acrylsiure), B e r .  , 40, 4537 (1907). 
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L 

o f  a c e t i c  a c i d  u n t i l  a c l e a r  s o l u t i o n  
r e s u l t e d  ( a b o u t  1 h r ) ,  and  t h e n  a few 
c r y s t a l s  o f  m e r c u r i c  c h l o r i d e  were 
added  and warming c o n t i n u e d  f o r  a few 
m i n u t e s .  The s o l u t i o n  was poured  i n t o  
w a t e r ,  a n d  t h e  p a l e  y e l l o w  p r e c i p i -  
t a t e  was f i l t e r e d  a n d  a i r - d r i e d .  I t  
w e i g h e d  5 0 0  mg a n d  m e l t e d  a t  5 1  t o  
52°C.  The m i x t u r e  m e l t i n g  p o i n t  o f  
t h i s  w i t h  a u t h e n t i c  d e s o x y b e n z o i n  
(mp 51  t o  52°C)  showed n o  d e p r e s s i o n ,  
b u t  t h e  m i x t u r e  m e l t i n g  p o i n t  w i t h  
d i p h e n y l a c e t y l e n e  (mp 5 6  t o  5 7 ° C )  
was 35 t o  45°C. 

Benzy Id ipheny I (car b ino 1 -  C' ') V I I .  
The a b o v e  p r o d u c t  was a d d e d  t o  t h e  
G r i g n a r d  s o l u t i o n  p r e p a r e d  f r o m  3 g 
o f  b r o m o b e n z e n e  a n d  0 . 5  g o f  mag-  
n e s i u m ,  a n d  t h e  r e s u l t i n g  t u r b i d  
s u s p e n s i o n  w a s  s t i r r e d  o v e r n i g h t .  
H y d r o l y s i s  a n d  c r y s t a l l i z a t i o n  o f  
t h e  p r o d u c t  f r o m  h e x a n e  g a v e  480  mg 
o f  n e a r l y  c o l o r l e s s  n e e d l e s  t h a t  
m e l t e d  a t  88°C a n d  c o n t a i n e d  1 . 5 6  pc 
o f  C' /mmole 

O x i d a t i o n  of benzyldiphenyI(car- 
binol-Cj4). A f t e r  a b o u t  100  mgof t h e  
above  m a t e r i a l  had  b e e n  r e s e r v e d  f o r  
a n a l y s i s ,  t h e  r e m a i n i n g  3 8 0  mg p l u s  
t h e  e n t i r e  c r u d e  G r i g n a r d  a d d u c t  was 
h e a t e d  f o r  1 h r  o n  t h e  s t e a m  b a t h  
w i t h  a s o l u t i o n  o f  0 . 5  g o f  c h r o m i c  
o x i d e  i n  1 0  m l  o f  a c e t i c  a c i d .  The 
d a r k  g r e e n  s o l u t i o n  was  p o u r e d  i n t o  
w a t e r ,  a n d  t h e  w a t e r  s o l u t i o n  w a s  
e t h e r  e x t r a c t e d .  T h i s  e t h e r  e x t r a c t  
was s h a k e n  w i t h  1 N s o d i u m  h y d r o x i d e  
and  w a t e r ,  and  t h e n  d r i e d  a n d  e v a p o -  
r a t e d .  The r e s i d u a l  d a r k i s h  o i l  was 
h e a t e d  w i t h  h y d r o x y l a m i n e  h y d r o c h l o -  
r i d e ,  p y r i d i n e ,  and  e t h a n o l  t o  g i v e ,  
a f t e r  c r y s t a l l i z a t i o n  f r o m  d i l u t e  
e t h a n o l ,  150  mg o f  benzophenone  oxime 
whose m e l t i n g  p o i n t  and m i x t u r e  m e l t -  
i n g  p o i n t  w i t h  a u t h e n t i c  o x i m e  (mp 
141OC) was 1 4 1 ° C .  I t  c o n t a i n e d  0 . 7 5 6 ,  
0 . 7 5 8 ,  0 . 7 6 3  p c  o f  C 1 4 / m m o l e .  T h e  
a l k a l i n e  e x t r a c t  o b t a i n e d  a b o v e  was 
a c i d i f i e d  a n d  e t h e r  e x t r a c t e d .  The  
d a r k i s h  o i l  o b t a i n e d  f r o m  t h e  e t h e r  

w a s  t r e a t e d  w i t h  a l a r g e  e x c e s s  o f  
t h i o n y l  c h l o r i d e ,  a n d  t h e  s o l u t i o n  
w a s  h e a t e d  u n d e r  v a c u u m  t o  r e m o v e  
e x c e s s  t h i o n y l  c h l o r i d e  a n d  a n y  
a c e t y l  c h l o r i d e .  T h e  r e s i d u e  f r o m  
t h i s  w a s  d i s s o l v e d  i n  b e n z e n e  a n d  
t r e a t e d  w i t h  e x c e s s  a n i l i n e .  T h e  
b e n z e q e  s o l u t i o n ,  a f t e r  w a s h i n g  w i t h  
w a t e r  a n d  d r y i n g ,  was e v a p o r a t e d  a n d  
t h e  r e s i d u a l  s o l i d  c r y s t a l l i z e d  from 
b e n z e n e .  T h e  b e n z a n i l i d e  w a s  t h u s  
o b t a i n e d  a s  c o l o r l e s s  p l a t e s ,  w h i c h  
m e l t e d  a t  161°C and  c o n t a i n e d  0 . 6 9 0 ,  
0 . 6 5 6 ,  0 . 6 6 0 ,  a n d  0 . 6 7 6  pc o f  C 1 4 /  
mmole. T h i s  s u b s t a n c e  was a p p a r e n t l y  
d i l u t e d  n o n r a d i o a c t i v e  b e n z o i c  a c i d  
whose p r o b a b l e  s o u r c e  was an  i m p u r i t y  
i n  t h e  c r u d e  c a r b i n o l  u s e d  for t h e  
o x i d a t i o n .  

COMPARISON OF THE ISOTOPE EFFECTS IN 
THE ALKALINE HYDROLYSIS OF FOUR P A R A -  
S U B S T I T U T E D  ETHYL BENZOATES LABELED 
IN THE CARBONYL GROUP 

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

X-< \> C1400H b )  C2H,0H 

( 1 )  x = -cH, 
( 2 )  X = -OCH, 
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( 3 )  x = -c1 

X</ 
\>- N = N + c 1 0  

a )  KCu(C"N), 

b )  H,O,OH(-) ,  H @  

a )  SOC1, 

X \> C1400C,H, 

( 4 )  X = - N O 2  

The G r i g n a r d  c a r b o n a t i o n s  (1, 2 ,  and  
3 )  were c a r r i e d  o u t  a c c o r d i n g  t o  s t a n d -  
a r d  p r o c e d u r e s  a s  d e s c r i b e d  i n o r g a n i c  
S y n t h e s e s . ( 2 5 )  T h e  y i e l d s  b a s e d  
on l a b e l e d  c a r b o n  d i o x i d e  were n e a r l y  
q u a n t i t a t i v e .  A s  i n t e r m e d i a t e s  i n  
t h e  p r e p a r a t i o n  o f  c a r b o n - 1 4 - l a b e l e d  
p - n i t r o b e n z o i c  a c i d  ( 4 ) ,  c a r b o n - 1 4 -  
l a b e l e d  c u p r o u s  c y a n i d e ,  a n d  t h e n  
c a r b o n - 1 4 - l a b e l e d  p o t a s s i u m  c u p r o u s  
c y a n i d e  were p r e p a r e d  a c c o r d i n g  t o  t h e  
p r o c e d u r e s  o f  B a r b e r . ( 2 6 )  A l l  f o u r  
e t h y l  e s t e r s  were s y n t h e s i z e d  i n  h i g h  
y i e l d  f r o m  t h e  c o r r e s p o n d i n g  a c i d s  
v i a  t h e  a c i d  c h l o r i d e s  p r e p a r e d  u s i n g  
t h i o n y l  c h l o r i d e .  

I t  i s  p l a n n e d  t o  m e a s u r e  k , , / k , , ,  
t h e  r a t i o  o f  t h e  h y d r o l y s i s  r a t e  
c o n s t a n t  o f  c a r b o n - 1 4 - l a b e l e d  e s t e r  
t o  t h a t  o f  t h e  u n l a b e l e d  e s t e r ,  f o r  
e a c h  o f  t h e  f o u r  p - s u b s t i t u t e d  e s t e r s  
u s i n g  a m o d i f i c a t i o n  o f  t h e  m e t h o d  

( 2 5 ) ~ 0 c .  c i t .  
(26)H. J .  Barby , r ,  " C u p r o u s  C y a n i d e - I t s  

Preparat ion and Use, J. Chem. S O C . ,  79 (1943). 

o f  S t e v e n s  a n d  A t t r e e . ( 2 7 )  T h i s  
s e r i e s  o f  r e a c t i o n s  w a s  c h o s e n  f o r  
s t u d y  b e c a u s e  t h e  d i f f e r e n c e  i n  r e -  
a c t i o n  r a t e s  w i t h i n  t h e  s e r i e s  h a s  
b e e n  shown  t o  r e s u l t  e n t i r e l y  f r o m  
d i f f e r e n c e  i n  e n e r g y  o f  a c t i v a t i o n ,  
t h e  A f a c t o r  i n  t h e  A r r h e n i u s  e q u a -  
t i o n  r e m a i n i n g  e s s e n t i a l l y  c o n -  
~ t a n t . ( ~ ~ )  T h e  c a r b o n - 1 4  i s o t o p e  
e f f e c t  o n  r e a c t i o n  r a t e s  h a s  b e e n  
a s s u m e d  t o  r e s u l t  p r i n c i p a l l y  f r o m  
a l t e r a t i o n ( 2 g )  o f  t h e  a c t i v a t i o n  
e n e r g y .  Hence  t h e  p r e s e n t  s t u d y  may 
i n d i c a t e  w h e t h e r  t h e  i s o t o p e  e f f e c t  
i n c r e a s e s ,  d e c r e a s e s ,  o r  r e m a i n s  
unchanged i n  g o i n g  f rom a r e a c t i o n  o f  
a g i v e n  a c t i v a t i o n  e n e r g y  t o  o n e  o f  
h i g h e r  a c t i v a t i o n  e n e r g y ,  w h i l e  o t h e r  
i n f l u e n c e s  on r e a c t i o n  r a t e  a r e  h e l d  
c o n s t a n t .  

STUDIES ON THE MECHANISMS 
OF ORGANIC REACTIONS 

ISOTOPE-EXCHANGE REACTIONS INVOLVING 
THE CARBON-CARBON BOND 

C. D .  D o u g l a s s *  0. K .  N e v i l l e  

E x p e r i m e n t s  t o  d e t e r m i n e  t h e  
r e v e r s i b i l i t y  of  t h e  F r i e d e l - C r a f t s  

*Oak R i d g e  I n s t i t u t e  of N u c l e a r  S t u d i e s  
Graduate Fellow from the U n i v e r s i t y  of Oklahoma, 
Norman, Oklahoma. 

(27)W. H. Stevens and R. W .  A t t r e e ,  " E f f e c t  on 
R e a c t i o n  R a t e s  Caused  by t h e  S u b s t i t u t i o n  of 
Carbon-14 fo r  Carbon-12. I .  Alka l ine  H x h o l y s i s  
o f  C a r b o x y l - l a b e l e d  E t h y l  B e n z o a t e ,  C a n  J. 
Research , 27B, 807-12 (1949) .  

(28)C. K. Ingold  and W. S. Nathan, "Mechanism 
of  and C o n s t i t u t i o n a l  F a c t o r s  C o n t r o l l i n g  t h e  
Hydrolys is  of Carboxyl ic  Esters. VIII. E n e r g i e s  
A s s o c i a t e d  w i t h  I n d u c e d  P o l a r  E f f e c k s  i n  t h e  
Hydrolysis of S u b s t i t u t e d  Benzoic E s t e r ,  J. Chem. 
S o c . ,  1936,  222-5 ;  D .  P. Evans,  J .  J .  Gordon, 
and H. B. Watson, " O r t h o - e f f e c t .  111. A l k a l i n e  
H y d r o l y f i s  o f  B e n z o i c  E s t e r s , "  i b i d .  , 1 9 3 7 ,  
1430-2; Inf luence  of Alkyl  Groups Upon React ion 
V e l o c i t i e s  i n  S o l u t i o n s .  111. The A l k a l i n ;  
H d r o l  s i s  of S a t u r a t e d  A l i p h a t i c  E s t e r s ,  
d i d . ,  r938, 1439-44. 

( 2 9 ) A .  A. Bothner -By,  L. Fr iedman,  and J .  
B i g e l e i s e n ,  "The Use of , p a c e r s  i n  Organic  R e -  
a c t i o n  Mechanism S t u d i e s ,  BNL Conference Report, 
January 19-20, 1950, p. 40. 

8 

3 4  



FOR PERIOD ENDING SEPTEMBER 30,  1951 

a 

a c y l a t i o n  r e a c t i o n  by  i s o t o p i c  e x -  
c h a n g e  a r e  n e a r l y  c o m p l e t e .  P r e -  
v i o u s l y  r e p o r t e d  a t t e m p t s ( 3 0 )  t o  
e f f e c t  t h e  e x c h a n g e  of  a c e t y l  c h l o r i d e  
w i t h  a c e t o p h e n o n e  a n d  b e n z o y l  c h l o -  
r i d e  w i t h  b e n z o p h e n o n e  h a v e  b e e n  
e x t e n d e d  t o  o t h e r  s u b s t i t u t e d  a r o m a t i c  
s y s t e m s .  N e i t h e r  compounds w i t h  e x -  
treme r i n g  a c t i v a t i o n ,  s u c h  a s  r e s -  
ace tophenone  and  a c e t o p h l o r o g l u c i n o l ,  
n o r  t h o s e  w i t h  e x t r e m e  r i n g  d e a c t i -  
v a t i o n ,  s u c h  a s  t r i n i  t r o b e n z o p h e n o n e ,  
h a v e  been  f o u n d  t o  e x c h a n g e  w i t h  t h e  
a p p r o p r i a t e  a c y l  c h l o r i d e  u n d e r  t h e  
i n f l u e n c e  o f  F r i e d e l - C r a f t s  a c i d  
c a t a l y s t s .  T a b l e  6 s h o w s  t h e  c o n -  
d i t i o n s  u s e d  i n  t h e s e  s t u d i e s .  The  
c o n c l u s i o n  h a s  b e e n  r e a c h e d ,  t h e r e -  
f o r e ,  t h a t  i n  g e n e r a l  s u c h  r e a c t i o n s  
a r e  n o t  formed by r e v e r s i b l e  p r o c e s s e s .  
T h i s  i n  n o  way r u l e s  o u t  t h e  p o s s i -  
b i l i t y  t h a t  c e r t a i n  e x a m p l e s  m i g h t  
be found t h a t  a r e  r e v e r s i b l e .  

T h i s  e x c h a n g e  t e c h n i q u e  h a s  now 
b e e n  t u r n e d  t o  t h e  s t u d y  o f  b a s e -  
c a t a l y z e d  c o n d e n s a t i o n s ,  a l l  of  which  
may b e  c l a s s i f i e d  a s  " a l d o l "  c o n -  
d e n s a t i o n s .  An e x a m p l e  o f  t h e  r e -  
a c t i o n  t y p e  i s  t h e  c o n d e n s a t i o n  o f  
b e n z a l d e h y d e  w i t h  a c e  tophenone  i n  t h e  
p r e s e n c e  o f  c o n c e n t r a t e d  a q u e o u s  
a l k a l i  t o  f o r m  b e n z a l a c e t o p h e n o n e  
( c h a l c o n e )  11. 

C,H,CHO + CH,COC,H, r--- 
B 
L 

[C 6H5 - CH, COC , H5- 

. -  OH 

1 L1 

Table 6 

Conditions Used in Studies of the Reversibility of the 
Friedel-Crafts Acylation Reaction. 

KETONE 

C,H,CH = CHCOC,H, 

I1 

ISOTOPIC ACID 
OR 

ACID CHLORIDE 

CH, COC 1 

CH,COCl 

CH, COC 1 

CH,COOH 

C6HsCOCl 

C,H,COCl 

CATALYST 

AlCl ,  

A 1C1, 

AlCl ,  

HBr 

Conc.  H,S04 

AlC1, 

MOLAR 
PROPORTI ON 

OF CATALYST 
~~ 

3 

3 

3 

n one 

C a t a l y t i c  
a moun t 

3 

*No e v i d e n c e  o f  e x c h a n g e  was f o u n d  i n  a n y  of t h e  r e a c t i o n s .  

SOLVENT 

cs2 
cs2 

C 1 ,CHCHC 1 , 

n o n e  

C 1 ,CHCHC 1 , 

TEMPERATURE 

Room 

Room 

Room 

Room 

12 ooc 

Room 

TIME 

2 d a y s  

8 d a y s  

6 d a y s  

12 h r  

2 d a y s  

1 d a y  

(30)C. D. Douglass  and 0. K .  N e v i l l e ,  " I s o t o  e- A l t h o u g h  s u c h  r e a c t i o n s  f r e q u e n t l y  
Exchartge R e a c t l o n s  Involvinfj the Carbon-CarEon t e r m i n a t e  w i t h  t h e  a l d o l  i n t e r m e d i a t e  
Bond,  C h e m i s t r y  D i v i s i o n  u a r t e r  ly P r o g r e s s  
Report for Per iod  Ending June  30, 1951,oRNL-1116. a s  r e p r e s e n t e d  by  I ,  i n  many c a s e s  
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t h e  f i n a l  p r o d u c t  i s o l a t e d  i s  a n  
3 , P - u n s a t u r a t e d  c a r b o n y l  compound I1 
f o r m e d  p r e s u m a b l y  by d e h y d r a t i o n  o f  
t h e  a l d o l  I .  I n  some c a s e s ,  e i t h e r  
p r o d u c t  may b e  i s o l a t e d  a t  w i l l ,  d e -  
p e n d i n g  on t h e  r e a c t i o n  c o n d i t i o n s .  
A l t h o u g h  c o n d e n s a t i o n  t o  g i v e  t h e  
a l d o l  i n t e r m e d i a t e  i s  w e l l  r e c o g n i z e d  
a s  a r e v e r s i b l e  r e a c t i o n ,  t h e  t e rmi-  
n a t i n g  d e h y d r a t i o n  s t e p  i s  c o n s i d e r e d  
u s u a l l y  t o  be i r r e v e r s i b l e  u n d e r  t h e  
c o n d i t i o n s  o f  t h e  r e a c t i o n .  T h i s  
r e a c t i o n  a n d  o t h e r s  s i m i l a r  t o  i t  
have  now been  s t u d i e d  by t h e  e x c h a n g e  
t e c h n i q u e  

C,H,C*H = CHCOC,H, +C,H,C*HO . 

The i s o l a t i o n  of  c a r b o n - 1 4  l a b e l e d  
b e n z a l a c e t o p h e n o n e  f r o m  a r e a c t i o n  
m i x t u r e  p r e p a r e d  f r o m  c a r b o n - 1 4 - l a -  
b e l e d  b e n z a l d e h y d e  and  n o n r a d i o a c t i v e  
b e n z a l a c e t o p h e n o n e  h a s  i n d i c a t e d  t h e  
r e v e r s i b i l i t y  o f t h i s  r e a c t i o n  t h r o u g h  
t h e  d e h y d r a t i o n  s t e p .  S i m i l a r l y ,  
benzal-o-hydroxyacetophenone a n d  d i -  
b e n z a l a c e t o n e  h a v e  b e e n  shown t o  be 
formed by r e v e r s i b l e  p r o c e s s e s .  T h a t  
t h e  e x c h a n g e  p r o c e s s  n e e d  n o t  i n -  
v o l v e  t h e  r e v e r s i b l e  a d d i t i o n  o f  
w a t e r  t o  t h e  d o u b l e  b o n d  h a s  b e e n  
d e m o n s t r a t e d  b y  t h e  e x c h a n g e  of  
b e n z a l d e h y d e  4'' w i t h  2 , 4 - d i n i t r o s t i l -  
b e n e  i n  t h e  p r e s e n c e  of  p i p e r i d i n e .  
T a b l e  7 s h o w s  t h e  r e s u l t s  o f  s u c h  
s t u d i e s .  

A n  i n t e r e s t i n g  r e s u l t  o f  t h e s e  
b a s e - c a t a l y z e d  e x c h a n g e  s t u d i e s  h a s  

Table 7 

Results of Exchange Studies on Base-Catalyzed Condensation Reactions 

REACTANTS 

o - HOC, H,COCH= C,H,C' 4 H 0  
CHC6Hs 

C,H,CH=CHCOOH C,H,C14H0 

C,H,CFCHCOCH= C6H5C'4H0 
CHC6Hs 

C, H,CH=CH-CH= C,H,C1 4 H 0  

3 - b e n z a  1 i n d e n e  C, H, C I 4  HO 

C,H,CH=CH-COW C'4H,COOCO-CH3 

2 , 4 -  (NO, ),C,H,CH= C,H5C'4H0 

CHCOC,H, 

CHC,H, 

C, H, COCH?=HC , H, C, H, C ' HO 

C,H,CH=CHCOOH C,H ,C ' 110 
2 , 4 -  (HO),C,H,CHO C2H500C'4H 

aq. NaOH 

a q .  NaOH 

aq. NaOH 

a q .  NaOH 

a q .  NaOH 

a l e .  KOH 

CH,COONa 

p i p e r i d i n e  

none  

p i p e r i d i n e  

KOC2H5 

TEMPERATURE 

Room 

Room 

R o o m  

Room 

Room 

65°C 

1 7  0- 5 OC 

14OoC 

100°C 

17OoC 

Room 

TIME ( h r  ) 

12 

1 2  

5 .  

12 

1 2  

4 

4 

2 

4 8  

6 

24  

EXCHANGE * SOLVENT 

e t h a n o l -  
water 

e t h a n o l -  
water 

e t h a n  ol- 
water  

e t h a n o l -  
water 

e t h a n o l -  
water  

m e t h a n o l  

n o n e  

n o n e  

n o n e  

n o n e  

e t h a n  o 1 

. 

c 

* t = e x c h a n g e  
- - - n o  e x c h a n g e  
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b e e n  t h e  s y n t h e s i s  i n  h i g h  y i e l d  o f  
c a r b o n - 1 4 - l a b e l e d  f l a v a n o n e  by r i n g -  
c l o s u r e  o f  t h e  l a b e l e d  b e n z a l - o - h y -  
d r o x y a c e  t o p h e n o n e  p r e p a r e d  by e x c h a n g e  
w i t h  c a r b o n  - 1 4  - l a b e  l e d  benz a l d e  hyde  . 

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

Experimental 

Friedel-Craft acylation reaction. 
The p r e p a r a t i o n  o f  t h e  l a b e l e d  corn- 
p o u n d s  h a s  b e e n  d e s c r i b e d  p r e v i o u s -  
l Y .  ( 3 1 )  I n  a t y p i c a l  e x p e r i m e n t ,  1 g 
o f  o - h y d r o x y a c e t o p h e n o n e  was added  t o  
7.23 g o f  a n h y d r o u s  aluminum c h l o r i d e .  
F i f t e e n  m i l l i l i t e r s  o f  a n h y d r o u s  
c a r b o n  d i s u l f i d e  was added  w i t h  s t i r -  
r i n g .  To t h i s  c o o l e d  m i x t u r e ,  0 . 5 7  g 
o f  l a b e l e d  a c e t y l  c h l o r i d e ,  d i s s o l v e d  
i n  1 5 m l  o f  a n h y d r o u s  c a r b o n - d i s u l f i d e  
w a s  a d d e d .  A f t e r  e i g h t  d a y s  t h e  
k e t o n e  was i s o l a t e d  by a d d i n g  i c e  and  
d i l u t e  h y d r o c h l o r i c  a c i d  and  e x t r a c t -  
i n g  w i t h  e t h e r .  The  e t h e r  w a s  d i s -  
t i l l e d  o f f  a n d  t h e  s e m i c a r b a z o n e  of 
t h e  k e t o n e  was p r e p a r e d  and  p u r i f i e d  
by c r y s t a l l i z a t i o n  f rom e t h a n o l .  The 
s e m i c a r b a z o n e ,  a s s a y e d  b y  s o l i d  
c o u n t i n g ,  was f o u n d  t o  b e  n o n r a d i o -  
a c t i v e  

An 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  
be tween 2,4-dihydroxyacetophenone and  
a c e t y l  c h l o r i d e  g a v e  a p r o d u c t  c o n -  
t a i n i n g  r a d i o a c t i v i t y .  T h i s  p r o d u c t ,  
t h o u g h  s i m i l a r  i n  many r e s p e c t s  t o  
2,4-dihydroxyacetophenone, was p roved  

( 3  "Ib id. 

Base-cata lyzed condensat ions. Benz - 
a l d e h y d e - 7 - C 1 4  was p r e p a r e d  as  f o l -  
l o w s :  S e v e n  m l  o f  b e n z y l  a l c o h o l ,  
l a b e l e d  i n  t h e  7 p o s i t i o n  a n d  whose  
a c t i v i t y  was a p p r o x i m a t e l y  2 . 5 2  p c /  
mmole,  was  s u s p e n d e d  i n  3 7 . 5  m l  of 
w a t e r .  To  t h i s  m i x t u r e  w a s  a d d e d ,  
w i t h  s t i r r i n g ,  5 g o f  ch romium t r i -  
o x i d e  i n  2 5  m l  o f  w a t e r .  T h e  t e m -  
p e r a t u r e  w a s  k e p t  b e l o w  2 0 ° C .  A 
s o l u t i o n  o f  4 . 5  m l  o f  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  2 5  m l  o f  w a t e r  was 
a d d e d  t o  t h e  c o o l  s o l u t i o n .  A f t e r  
v i g o r o u s  s t i r r i n g  f o r  1 0  m i n .  t h e  
m i x t u r e  was e x t r a c t e d  w i t h  c h l o r o f o r m .  
The c h l o r o f o r m  s o l u t i o n ,  a f t e r  wash-  
i n g  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  was s t i r r e d  w i t h  a s a t u r a t e d  
w a t e r  s o l u t i o n  o f  s o d i u m  b i s u l f i t e  
a n d  c o o l e d .  The p r e c i p i t a t e d  s o d i u m  
b i s u l f i t e  a d d i t i o n  p r o d u c t  was f i l -  
t e r e d  o f f  a n d a i r  d r i e d .  T h i s  p r o d u c t  
w a s  u s e d  i n  t h o s e  e x p e r i m e n t s  i n  
w h i c h  a q u e o u s  s o d i u m  h y d r o x i d e  was  
t h e  c a t a l y s t .  I n  t h o s e  r e a c t i o n s  i n  
w h i c h  n o  w a t e r  was u s e d ,  a n h y d r o u s  
b e n z a l d e h y d e  was  p r e p a r e d  f r o m  t h e  
b i s u l f i t e  a d d i t i o n  p r o d u c t  b y  d e -  
c o m p o s i n g  i t  w i t h  h o t ,  s a t u r a t e d  
p o t a s s i u m  c a r b o n a t e  s o l u t i o n ,  f o l -  
l o w e d  by  s t e a m  d i s t i l l a t i o n  o f  t h e  
a l d e h y d e .  The b e n z a l d e h y d e  was s e p a -  
r a t e d  f r o m  t h e  d i s t i l l a t e  by  e t h e r  
e x t r a c t i o n .  The  e t h e r  e x t r a c t  was 
d r i e d  a n d  t h e  e t h e r  r emoved  by d i s -  
t i 1 l a  t i on.  

I n  a t y p i c a l  e x p e r i m e n t ,  1 g o f  
b e n z a l a c e t o p h e n o n e ,  1 . 5  g o f  b e n z -  
a l d e h y d e  s o d i u m  b i s u l f i t e  a d d i t i o n  
p r o d u c t ,  4 r n l  o f  e t h a n o l ,  a n d  3 m l  
o f  w a t e r  c o n t a i n i n g  0 . 2  g o f  s o d i u m  
h y d r o x i d e  were mixed  a n d  a l l o w e d  t o  
s t a n d  o v e r n i g h t  w i t h  s t i r r i n g .  The  
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m i x t u r e  was a c i d i f i e d  w i t h  h y d r o c h l o -  
r i c  a c i d  and s e v e r a l  vo lumes  of  water 
were a d d e d .  The b e n z a l d e h y d e  was r e -  
moved by s t e a m  d i s t i l l a t i o n ,  a n d  t h e  
y e l l o w  o i l  was e x t r a c t e d  w i t h  e t h e r .  
Af t e r  t h e  e t h e r  e v a p o r a t e d ,  t h e  o i l  
was c r y s t a l l i z e d  s e v e r a l  times f r o m  
m e t h a n o l  and  d r i e d .  I ts  i d e n t i t y  was 
e s t a b l i s h e d  a s  b e n z a l a c e t o p h e n o n e  by 
c o m p a r i s o n  o f  i t s  m e l t i n g  p o i n t  a n d  
i t s  mixed m e l t i n g  p o i n t  w i t h  a s a m p l e  
of t h e  a u t h e n t i c  compound. The i s o -  
l a t e d  compound was f o u n d  t o  c o n t a i n  
r a d i o a c t i v i t y .  

EFFECT OF ALUMINUM CHLORIDE ON ETHYL- 
BENZENE 

R. M. R o b e r t s '  G .  A .  Ropp 
0. K.  N e v i l l e  

The a l k y l a t i o n  o f  a r o m a t i c  h y d r o -  
c a r b o n s  w i t h  a l k y l  h a l i d e s  u n d e r  t h e  
i n f l u e n c e  o f  a l u m i n u m  c h l o r i d e  i s  
c o n s i d e r e d  t o  i n v o l v e  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  a ca rbon ium i o n : * *  

RC1 + AlCl,-- R +  + AlC1,.  

T h i s  c a r b o n i u m  i o n ,  d e p e n d i n g  upon 
i t s  f reedom and s t a b i l i t y ,  may a t t a c k  
t h e  a r o m a t i c  n u c l e u s  or i t  may r e -  
a r r a n g e  p r i o r  t o  t h e  a t t a c k .  An ex- 
a m p l e  o f  s u c h  r e a r r a n g e m e n t  i s  t h e  
c o n d e n s a t i o n  of  n - p r o p y l  c h l o r i d e  w i t h  
benzene  t o  g i v e  i s o p r o p y l  benzene :  

d 
AlCl,  

CH,CH,CH,Cl T;---- C H 3 C H 2 C H 2 + v  

CH,' 

*Member of the Research P a r t i c i p a t i o n  Program 
sponsored j o i n t l y  by the Oak Ridge I n s t i t u t e  of 
Nuclear S t u d i e s  and Oak Ridge N a t i o n a l  Labora- 
t o r y ;  permanent a d d r e s s ,  U n i v e r s i t y  of Texas 
Austin Texas. 

* * I n  t h i s  d i s c u s s i o n  and t h a t  t o  f o l l o w  the 
r e p r e s e n t a t i o n  R +  i s  a n  o v e r s i m p l i f i c a t i o n .  
That the ion  may never be free is  p o s s i b l e ,  and 
that  i t  might better be represented a s  analuminum 
chlor ide  s o l v e n t  complex is recognized.  

F r  i e d e l  - C r a f  t s  a l k y l a t i o n s  a r e  
known t o  b e  r e v e r s i b l e ;  t h u s  a l k y l  
g r o u p s  may b e  r e o r i e n t e d  on t h e  a r o -  
m a t i c  n u c l e u s  or t r a n s f e r r e d  i n t e r -  
m o l e c u l a r l y  u n d e r  t h e  i n f l u e n c e  o f  
AlC1, .  The  e x t e n t  o f  i s o m e r i z a t i o n  
w i t h i n  t h e  c h a i n s  d u r i n g  s u c h  m i g r a -  
t i o n s  i s  n o t  u n d e r s t o o d  a t  p r e s e n t  
d u e  t o  t h e  l a c k  of d a t a  a n d ,  i n  some 
c a s e s ,  c o n f l i c t i n g  e v i d e n c e .  

C o n s i d e r a b l e  e v i d e n c e  may be a d -  
d u c e d  f r o m  r e a c t i o n s  i n v o l v i n g  c a r -  
bonium i o n s  a s  i n t e r m e d i a t e s  t o  show 
t h a t  t h e  s t a b i l i t y  o f  t h e s e  i o n i c  
i n t e r m e d i a t e s  i s  i n  t h e  o r d e r  t e r t i -  
a r y  > s e c o n d a r y  > p r i m a r y ,  a n d  t h a t  
s u c h  i o n s  may r e a r r a n g e  t o  a m o r e  
s t a b l e  f o r m  by  t h e  s h i f t  o f  o n e  or 
more h y d r i d e  i o n s  or m e t h y l  g r o u p s ,  
e . g . ,  i s o p r o p y l  c a r b o n i u m  i o n  may be  
fo rmed  f r o m  t h e  n - p r o p y l  s p e c i e s  by 
t h e  s h i f t  o f  one h y d r i d e  i o n .  

A l t h o u g h  t h e  h e i g h t  o f  t h e  i n t e r -  
c o n v e r s i o n  e n e r g y  b a r r i e r s  b e t w e e n  
two forms may be e s t i m a t e d  f rom p r o d u c t  
a n a l y s i s  o f  c e r t a i n  r e a c t i o n s ,  t h e  
e a s e  o f  c o n v e r s i o n  be tween  two i s o m e r s  
o f  t h e  same e n e r g y  l e v e l  c a n  b e  d e -  
t e r m i n e d  o n l y  by l a b e l i n g  w i t h  i s o -  
t o p i c  c a r b o n .  

I n  t h e  p r e s e n t  c a s e ,  t h e  e a s e  of  
i s o m e r i z a t i o n  o f  a n  e t h y l  c a r b o n i u m  
i o n  t o  an  i s o t o p i c a l l y  i s o m e r i c  e t h y l  
ca rbon ium i o n  h a s  been  s t u d i e d  by t h e  

C*H,CH,' e 'C*H,CH, 

d e t e r m i n a t i o n  o f  t h e  d e g r e e  o f  m i g r a -  
t i o n  o f  r a d i o a c t i v i t y  f r o m  t h e  b e t a  
t o  t h e  a l p h a  p o s i t i o n  o f  e t h ~ 1 - P - C ' ~ -  
b e n z e n e  u n d e r  v a r i o u s  r e a c t i o n  c o n -  
d i t i o n s .  

As a p r e l i m i n a r y  e x p e r i m e n t  e t h y l -  
b e n z e n e  was  t r e a t e d  w i t h  a l u m i n u m  
c h l o r i d e  u n d e r  s e v e r a l  r e a c t i o n  c o n -  
d i t i o n s .  T h e s e  e x p e r i m e n t s  denion-  
s t r a t e d  t h a t  n o  i s o m e r i z a t i o n  w a s  
c a u s e d  e i t h e r  i n  n i t r o b e n z e n e  s o l v e n t  
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or i n  t h e  p r e s e n c e  o f  s o l i d  c a t a l y s t .  w i t h  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 -  
I s o m e r i z a t i o n  w a s  n o t  p r o m o t e d  b y  minum c h l o r i d e .  U n d e r  t h e s e  c o n -  
t h e  a d d i t i o n  o f  a - c h l o r o e t h y l b e n z e n e .  d i t i o n s ,  t h e r e  c a n  b e  n o  d o u b t  a s  
T h e s e  r e s u l t s  i n d i c a t e d  t h a t  i n t e r -  t o  t h e  f r e e  e x i s t e n c e  o f  some  r e -  
m o l e c u l a r  r e a r r a n g e m e n t  of t h e  t y p e ,  a c t i v e  e t h y l  i n t e r m e d i a t e .  A g a i n  

d e g r a d a t i o n  r e v e a l e d  n o  m i g r a t i o n  of  
/--x r a d i o a c t i v e  c a r b o n .  

C6H, -CH,C*H, - CH,C*H,C,H,, 
T h e s e  r e s u l t s  c o u l d  b e  e x p l a i n e d  

e i t h e r  by  a s s u m i n g  t h a t  t h e  e t h y l  
d i d  n o t  t a k e  p l a c e .  Also,  n o  symmet- i n t e r m e d i a t e  ( c a r b o n i u m  i o n )  f o r m e d  
r i c a l  i n t e r m e d i a t e  s u c h  a s  e t h y l e n e ,  r e a c t s  f a s t e r  w i t h  t h e  a r o m a t i c  n u -  
or a complex o f  i t ,  was i n v o l v e d ,  s i n c e  c l e u s  t h a n  i t  i s o m e r i z e s ,  o r  t h a t  
r e c o m b i n a t i o n  would  r e s u l t  i n  random t h e  e t h y l  c a r b o n i u m  i o n  d o e s  n o t  
l a  be 1 i n g  . i s o m e r i z e  i n  t h e  p r e s e n c e  of  a luminum 

c h l o r i d e ,  i . e . ,  t h e  i n t e r c o n v e r s i o n  
A l C l ,  e n e r g y  o f  p r i m a r y - t o - p r i m a r y  c a r -  

bonium i o n  i s o m e r i z a t i o n  i s  t o o  h i g h .  

To d e t e r m i n e  wh ich  e x p l a n a t i o n  was 
A l C l ,  b e t t e r ,  e t h y l  c h l o r i d e  l a b e l e d  i n  

C~HSCH~C*H,  t h e  b e t a  p o s i t i o n  was  a l l o w e d  t o  
A 1C1, s t a n d  o v e r  a luminum c h l o r i d e  a t  room 

C,H,C*H,CH, t e m p e r a t u r e  f o r  1 h r ,  w h i c h  was t h e  
t ime r e q u i r e d  f o r  c o n d e n s a t i o n  i n  
t h e  p r e v i o u s  c a s e .  T h e  e t h y l  c h l o -  
r i d e  was r e c o v e r e d ,  p u r i f i e d  by d i s -  

a s s u m i n g  e i t h e r  t h a t  n o  bond r u p t u r e  t i l l a t i o n ,  a n d c o n d e n s e d  w i t h  b e n z e n e .  
o c c u r r e d  or t h a t  a n  u n s y m m e t r i c a l  D e g r a d a t i o n  r e v e a l e d  n e a r l y  c o m p l e t e  
e t h y l  m o i e t y  was  f o r m e d  a s  a n  i n t e r -  i s o m e r i z a t i o n ,  i . e . ,  e q u a l  l a b e l i n g  
m e d i a t e ,  w h i c h  d i d  n o t  u n d e r g o  r e -  i n  t h e  two p o s i t i o n s .  
a r r a n g e m e n t  b e f o r e  r e c o m b i n a t i o n .  T h e  b e s t  e x p l a n a t i o n  o f  t h e s e  

<H 

C,H,CH,C*H, ----+ C6H6 i- CH, = C*H, 

< 
T h e s e  r e s u l t s  c o u l d  be  e x p l a i n e d b y  

When e t h y l b e n z e n e  i s  h e a t e d  a t  i t s  
b o i l i n g  p o i n t  w i t h  aluminum c h l o r i d e ,  
a f a i r  y i e l d  o f  d i e t h y l b e n z e n e  may 
be  i s o l a t e d .  T h i s  c e r t a i n l y  i n v o l v e s  
i n t e r m o l e c u l a r  t r a n s f e r  o f  a n  e t h y l  
g r o u p .  When, h o w e v e r ,  e t h ~ 1 - P - C ' ~  
b e n z e n e  was c o n v e r t e d  i n  t h i s  manner  
t o  d i e t h y l b e n z e n e  n o  m i g r a t i o n  o f  
r a d i o a c t i v i t y  t o  t h e  a l p h a  p o s i t i o n  
was o b s e r v e d .  T h e s e  r e s u l t s  c o u l d  be 
e x p l a i n e d  b y  a s s u m p t i o n  t h a t  t h e  

n o v e l  r e s u l t s  a p p e a r s  t o  b e  t h a t  t h e  
e t h y l  c a r b o n i u m  i o n  i s  t r a n s i t o r y  i n  
e x i s t e n c e  and  r e a c t s  w i t h  a n  a r o m a t i c  
n u c l e u s  b e f o r e  i t  c a n  r e a r r a n g e  by  
m i g r a t i o n  of h y d r i d e  ion. I n  t h e  
a b s e n c e  o f  a n  a r o m a t i c  n u c l e u s  i t  c a n  
r e a r r a n g e  a t  a f a i r  r a t e .  T h e  r a t e  
o f  t h i s  i s o m e r i z a t i o n  w i l l  be  s t u d i e d  
i n  a n  a t t e m p t  t o  m e a s u r e  t h e  a c t i v a -  
t i o n  e n e r g y  of t h i s  p r i m a r y -  t o - p r i m a r y  
con  ve r s i o n .  

e t h y l  g r o u p  moved f rom o n e  a r o m a t i c  
n u c l e u s  t o  a n o t h e r  w i t h o u t  e v e r  b e i n g  

d i d  n o t  r e a r r a n g e .  A g a i n ,  n o  sym-  
m e t r i c a l  i n t e r m e d i a t e  was p o s s i b l e .  G. A .  Ropp A .  J .  W e i n b e r g e r  

TEST REVERS1B1L1TY OF T H E  s u L -  
f r e e  or t h a t  t h e  i n t e r m e d i a t e  fo rmed  FURIC A C I D  DEHYDRATION OF FORMIC A C I D  

T o  d i s t i n g u i s h  b e t w e e n  t h e  t w o  B e c a u s e  o f  a n  i n t e r e s t  i n  t h e  
p o s s i b i l i t i e s ,  e t h y l  c h l o r i d e  l a b e l e d  mechanism of  t h e  f o r m i c  a c i d  d e h y d r a -  
i n  t h e  b e t a  p o s i t i o n  was c o n d e n s e d  t i o n ,  a t e s t  was  made t o  d e t e r m i n e  

I 
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w h e t h e r  t h e  r a t e  o f  t h e  r e v e r s e  r e -  
a c t i o n  ( i . e . ,  t h e  a b s o r p t i o n  o f  c a r -  
bon monoxide  i n  t h e  r e a c t i o n  m i x t u r e  
y i e l d i n g  f o r m i c  a c i d )  was a p p r e c i a b l e .  
The t e s t  i n v o l v e d  b u b b l i n g  c a r b o n - 1 4  
monox ide  t h r o u g h  a r e a c t i n g  m i x t u r e  
o f  s u l f u r i c  a c i d  and  u n l a b e l e d  f o r m i c  
a c i d .  When t h e  p e r i o d  o f  b u b b l i n g -  
i n  of  l a b e l e d  g a s  was c o m p l e t e d ,  and  
a f t e r .  t h e  s y s t e m  was  s w e p t  f r e e  o f  
c a r b o n  monox ide ,  t h e  d e h y d r a t i o n  was 
p e r m i t t e d  t o  c o n t i n u e  and  a sample  of 
c a r b o n  monox ide  was c o l l e c t e d .  The 
low s p e c i f i c  a c t i v i t y  o f  t h i s  s a m p l e  
r e v e a l e d  t h a t  o n l y  a n e g l i g i b l y  s m a l l  
p e r  c e n t  o f  t h e  l a b e l e d  c a r b o n  mon- 
o x i d e  w a s  a b s o r b e d  i n  t h e  r e v e r s e  
re  a c  t i  on.  

E x p e r i m e n t a l .  A r e a c t i o n ( 3 2 )  e v o l v -  
i n g  c a r b o n  monoxide  was p e r m i t t e d  t o  
p r o c e e d  a t  0°C b e t w e e n  1 7 5  m l  o f  c p  
s u l f u r i c  a c i d  a n d  2 . 0  m l  o f  f o r m i c  
a c i d  a z e o t r o p e .  D u r i n g  t h e  f i r s t  
h o u r  of  r e a c t i o n ,  500 m l  of c a r b o n - 1 4  
monox ide  ( t o t a l  a c t i v i t y  2 0  p c )  was  
bubb led  a t  a u n i f o r m  r a t e  t h r o u g h  t h e  
r e a c t i o n  m i x t u r e .  T h e  s y s t e m  was  
t h e n  pu rged  of a l l  c a r b o n  monoxide by 
e v a c u a t i o n  f o l l o w e d  by s w e e p i n g  w i t h  
c a r b o n  d i o x i d e  f o r  % h r .  As t h e  r e -  
a c t i o n  c o n t i n u e d  a n  i o n  c h a m b e r  was  
f i l l e d  (volume 250 m l )  w i t h  t h e  c a r -  
bon  m o n o x i d e  p r o d u c e d .  R a d i o a s s a y  
r e v e a l e d  t h a t  t h e  g a s  had  an  a c t i v i t y  
o f  o n l y  4 x p c  p e r  500  m l .  

DISPLACEMENT OF THE BENZOYL GROUP 
FROM PHENYL 9-FLUORENYL KETONE 

J. G. B u r r ,  Jr. 

The  a c t i o n  o f  f o r m a l i n  s o l u t i o n  
upon  p h e n y l  9 - f  l u o r e n y l  k e t o n e  p r o -  
d u c e s  9-me t h y  l e n e  f l u o r e n e  i n  s t r o n g  
a l k a l i n e  s o l u t i o n  a n d  9 - b e n z o y l - 9 -  
f l u o r e n y l  c a r b i n o l  i n  a weaker  a l k a l i  
s o l u t i o n .  The e x i s t e n c e  o f  an  e q u i -  
l i b r  ium be tween 9- benz o y l -  9 -  f l u o r e n y l -  

(32)G. A .  Ropp, A .  J .  Weinberger ,  and 0. K .  
Nevi l le ,  l o c .  c r t .  

c a r b i n o l ,  p h e n y l  9 - f l u o r e n y l  k e t o n e ,  
and f o r m a l d e h y d e  h a s  been  e s t a b l i s h e d  
by  t r a c e r  s t u d i e s  w i t h  c a r b o n - 1 4 .  
9 -Be nz  oy  1 - 9 - f l u  o r e  n y  IC a r b  i n o 1 g i v e  s 
9 - m e t h y l e n e f l u o r e n e  i n  a l k a l i n e  form-  
a l d e h y d e ,  a n d  t h u s  i s  t h e  p r o b a b l e  
i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  
9 - m e t h y l e n e f l u o r e n e  f r o m  p h e n y l  9 -  
f l u o r e n y l  k e t o n e .  

Ex pe r i men t a 1 

P h e n y l  9 - f l u o r e n y l  k e t o n e .  The 
p r o c e d u r e  o f  W e r n e r ( 3 3 )  g a v e  t h i s  
p r o d u c t  i n  1 5 %  y i e l d ,  w h i c h  i s  i n  
a c c o r d  w i t h  t h e  e x p e r i e n c e  o f  o t h e r s ( 3 4  
u s i n g  t h i s  me thod .  S e v e r a l  a t t e m p t s  
were made t o  p r e p a r e  t h i s  compound i n  
e t h e r  or b e n z e n e  s o l u t i o n  u s i n g  sod ium 
q e t h o x i d e  (wh ich  gave  no  p r o d u c t  1 ,  and  
w i t h  s o d i u m  h y d r i d e  ( w h i c h  g a v e  a n  
18% y i e l d ) .  F i n a l l y ,  t h e  u s e  o f  
p o t a s s i u m  g a v e  a 64% y i e l d  
of p h e n y l  9 - f l u o r e n y l  k e t o n e .  

R e a c t i o n  of p h e n y l  9 - f  l u o r e n y l  
ketone (II)with alkaline formaldehyde 
solution. T h e  k e t o n e  ( 0 . 5  g )  d i s -  
s o l v e d  r a p i d l y  i n  a m i x t u r e  o f  5 m l  
o f  e t h a n o l  a n d  5 m l  o f  50% a q u e o u s  
p o t a s s i u m  h y d r o x i d e .  T o  t h e  c l e a r  
o r a n g e  s o l u t i o n  w a s  a d d e d  5 m l  o f  
37% f o r m a l i n .  A f t e r  a n  i n d u c t i o n  
p e r i o d  o f  a b o u t  1 m i n ,  t h e  s o l u t i o n  
became t u r b i d ,  and an  a d d i t i o n a l  2 m l  
o f  f o r m a l i n  was a d d e d .  I n  a b o u t  1 5  
min t h e  s o l u t i o n  had become c o l o r l e s s  
and  a g r a n u l a r  w h i t e  s o l i d  h a d  p r e -  
c i p i t a t e d .  Ten m l  of  w a t e r  was a d d e d  
a n d  t h e  s o l u t i o n  s t i r r e d  u n t i l  a l l  
a d d i t i o n a l  s o l i d  h a d  c o a g u l a t e d .  
T h i s  s o l i d ,  wh ich  we ighed  0 .32  g (97%) 
a n d  m e l t e d  a t  4 0  t o  50°C, was  d i s -  
s o l v e d  i n  h e x a n e  a n d  f i l t e r e d  f r o m  

( 3 3 ) A .  Werner, .. Uber den wec!Felnden A f f i n i -  

t a t s w e r t h  e i n f a c h e r  Bindungen, Ber . ,  39, 1287 
(1906) .  

( 3 4 ) W .  Wislicenus and A .  Feh;fe, “Zur D a r s t e l -  
l u n g  d e n  9 - l 3 e n z o y l - f l u o r e n s ,  B e r . ,  48 ,  1320 
(1915). 

( 3 5 ) I b i d .  

4 0  



FOR PERIOD ENDING SEPTEMBER 30, 1951 

t h e  s m a l l  amoun t  o f  i n s o l u b l e  p o l y -  
mer. The f i l t r a t e  a b s o r b e d  b r o m i n e  
r e a d i l y  a n d  d e p o s i t e d  0 . 4 0  g o f  
m a s s i v e  p a l e  y e l l o w  p r i s m s ,  w h i c h  
m e l t e d  a t  1 4 1  t o  142°C.  R e c r y s t a l l i -  
z a t i o n  f r o m  h e x a n e  d i d  n o t  c h a n g e  
t h e  m e l t i n g  p o i n t .  A m i x t u r e  o f  t h i s  
w i t h  b e n z o y l f l u o r e n e  m e l t e d  a t  l e s s  
t h a n  125°C.  

Anal. C a l c d .  f o r  C 1 4 H 1 0 B r 2 :  B r ,  
4 7 . 3 .  Found: 4 7 . 1 .  

When t h e  a q u e o u s  f i l t r a t e  f r o m  
t h e  f o r m y l a t i o n  r e a c t i o n  was a c i d i f i e d  
and c h i l l e d ,  0 . 1 6  g ( 7 1 % )  o f  b e n z o i c  
a c i d  c r y s t a l l i z e d  whose m e l t i n g  p o i n t  
and  m i x t u r e  m e l t i n g  p o i n t  w i t h a u t h e n -  
t i c  b e n z o i c  a c i d  (mp 1 1 9  t o l 2 0 " C )  was 
1 1 9  t o  120°C. 

When t h e a b o v e  r e a c t i o n  was c a r r i e d  
o u t  a t  s t e a m - b a t h  t e m p e r a t u r e ,  t h e  
p r e c i p i t a t e d  p r o d u c t  was a n  amorphous 
powder ,  which was v e r y  s l i g h t l y  s o l u b l e  
i n  b e n z e n e  a n d  h e x a n e  a n d  i n s o l u b l e  
i n  e t h e r .  I t  w a s  i n f u s i b l e  b u t  
s h o w e d  s h r i n k a g e  a t  a b o u t  3 0 0 ° C .  
These  p h y s i c a l  p r o p e r t i e s  a c c o r d  w e l l  
w i t h  t h o s e  o f  p o l y m e t h y l e n e f l u o r e n e .  
The same a u t h o r s  r e p o r t  9 - m e t h y l e n e -  
f l u o r e n e  a s  p o l y m e r i z i n g  w i t h  e x t r e m e  
r e a d i n e s s ,  e v e n  i n  t h e  d a r k .  

9-Benzoyl-9-f luorenylcarbinol. A 
s o l u t i o n  o f  0 . 5 0  g o f  p h e n y l  9 - f l u o -  
r e n y l  k e t o n e  i n  a m i x t u r e  of  2 m l  o f  
e t h a n o l  and  2 m l  o f  50% a q u e o u s  p o -  
t a s s i u m  h y d r o x i d e  was d i l u t e d  w i t h  
5 r n l  o f  w a t e r  a n d  n e u t r a l i z e d  d r o p -  
w i s e  w i t h  10% h y d r o c h l o r i c  a c i d  u n t i l  
f a i n t  p e r m a n e n t  c l o u d i n e s s  r e s u l t e d .  
The r e s u l t i n g  s o l u t i o n  was t r e a t e d  
w i t h  1 0  m l  o f  w a t e r  f o l l o w e d  by 1 0  
m l  o f  37% f o r m a l i n .  A y e l l o w i s h  gum 
p r e c i p i t a t e d  a l m o s t  i m m e d i a  t e  l y  . 
E t h e r  e x t r a c t i o n  of t h e  gum s e p a r a t e d  
a b o u t  0 . 1  g o f  p o l y m e t h y l e n e f l u o r e n e .  
The e t h e r - s o l u b l e  s u b s t a n c e  ( 0 . 4 5  g)  
d e p o s i t e d  from hexane  0 . 2 0  g o f  c o l o r -  
l e s s  p r i s m s ,  w h i c h  m e l t e d  a t  1 2 1  t o  

124°C.  R e c r y s t a l l i z a t i o n  from hexane  
g a v e  0 . 1 8  g o f  p r i s m s  m e l t i n g  a t  
123 t o  124°C.  M i x t u r e  m e l t i n g  p o i n t s  
of t h i s  s u b s t a n c e  w i t h  b e n z o y l f l u o r e n e  
(mp 135 t o  136°C) a n d  w i t h  f l u o r e n e -  
m e t h a n o l  (mp 9 9  t o  1 0 0 ° C )  s h o w e d  
m a r k e d  d e p r e s s i o n s .  

Anal. C a l c d .  f o r  C 2 1 H , , 0 , :  C ,  
8 4 . 0 ;  H ,  5 . 3 6 .  Found: C ,  8 . 4 0 ,  8 4 . 3 ;  
H ,  5 . 5 1 ,  5 . 6 1 .  

To d e t e r m i n e  t h e  r e a c t i o n  w i t h  
a l k a l i ,  a n o t h e r  $ o r t i o n  o f  t h e  s u b -  
s t a n c e  ( 0 . 4 5  g )  was s t i r r e d  f o r  1 h r  
w i t h  a m i x t u r e  o f  1 5  m l  o f  e t h a n o l  
a n d  1 0  m l  o f  50% a q u e o u s  p o t a s s i u m  
h y d r o x i d e  ( t h e  s o l u t i o n  was homogenous 
a n d  o r a n g e  i n  c o l o r ) ,  t h e n  d i l u t e d  
w i t h  1 0 0  m l  o f  w a t e r .  A s m a l l  amount 
o f  o i l y  o r a n g e  p r e c i p i t a t e  was f i l -  
t e r e d  o f f  and  t h e  f i l t r a t e  a c i d i f i e d .  
The p a l e  y e l l o w  p r e c i p i t a t e  ( 0 . 3 0  g )  
was c r y s t a l l i z e d  twice from hexane  t o  
g i v e  0 . 1 5  g o f  b e n z o y l f l u o r e n e  whose 
m e l t i n g  p o i n t  a n d  m i x t u r e  m e l t i n g  
p o i n t  w i t h  a u t h e n t i c  b e n z o y l f l u o r e n e  
(mp 135 t o  136°C) was 1 3 5  t o  136°C. 

To d e t e r m i n e  t h e  c l e a v a g e ,  a s i m i -  
l a r  amoun t  o f  t h e  m a t e r i a l  ( 0 . 4 5  g )  
was s u s p e n d e d  i n  a m i x t u r e  o f  5 m l  o f  
e t h a n o l  and 5 m l  of 37% f o r m a l i n .  To 
t h i s  s o l u t i o n  was a d d e d  5 m l  o f  50% 
a q u e o u s  p o t a s s i u m  h y d r o x i d e ,  and t h e n  
2 m l  of  f o r m a l i n .  A d e e p  o r a n g e  c o l o r  
d e v e l o p e d  i m m e d i a t e l y  a n d  s w i f t l y  
f a d e d .  The f l o c c u l e n t  p r e c i p i t a t e  
wh ich  fo rmed ,  when worked u p  a s  a b o v e ,  
g a v e  0 . 5 0  g o f  9 - b r o m - 9 - b r o m o m e t h y -  
f l u o r e n e  (mp 1 4 1  t o  142°C) .  

Reaction of 9-benzoyl-9- f luorenyl- 
carbinol with alkaline formaldehyde- 
C i 4  solution. A s u s p e n s i o n  o f  0 . 5 0  g 
( 1 . 6 7  mmoles)  o f  t h e  b e n z o y l f l u o r e n e  
m e t h a n o l  I11 i n  a m i x t u r e  o f  5 m l  o f  
e t h a n o l  and 7 m l  o f  10% f o r m a l d e h y d e -  
C14 ( c o n t a i n i n g  2 3  mmoles o f  C 1 4 H 2 0  
w i t h a s p e c i f i c  a c t i v i t y ,  a s d e t e r m i n e d  
on t h e  dimedon d e r i v a t i v e ,  o f  4 . 2 4  p c  
o f  C14 /mmole )  was s t i r r e d  w i t h  5 m l  
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o f  50% a q u e o u s  p o t a s s i u m  h y d r o x i d e  
f o r  '/z h r .  The f l u f f y  s o l i d  t h a t  p r e -  
c i p i t a t e d  ( 0 . 2 5  g )  was f i l t e r e d ,  d i s -  
s o l v e d  i n  h e x a n e ,  r e f i l t e r e d ,  and t h e  
s o l u t i o n  was t r e a t e d  w i t h  b r o m i n e .  
On c h i l l i n g ,  0 . 1 5  g o f  d i b r o m i d e  c r y s -  
t a l l i z e d .  A f t e r  r e c r y s t a l l i z a t i o n  
f r o m  h e x a n e ,  t h i s  was f o u n d  t o  c o n -  
t a i n  4 . 0 1  pc o f  C'4/mmole ( c a l c u l a t e d  
f o r  c o m p l e t e  e q u i l i b r i u m ,  3 .96  pc of 
C 1 4 / m m o l e ) .  The  a q u e o u s  f i l t r a t e  
was m i x e d  w i t h  a s a t u r a t e d  aqueous 
d imedon  s o l u t i o n .  The p r e c i p i t a t e d  
f o r m a l d e h y d e  d e r i v a t i v e  was f o u n d  t o  
c o n t a i n  3 . 9 9  pc of  C"/mmole. 

REARRANGEMENTS OF U - D I K E T O N E S  

E .  C.  H e n d l e y *  0. K .  N e v i l l e  

a,a-Dibromopropiophenone I ,  l a -  
b e l e d  w i t h  c a r b o n - 1 4  i n  t h e  c a r b o n y l  
g r o u p ,  
t o  g i v e  a t r o l a t i c  a c i d  I11 l a b e l e d  
e x c l u s i v e l y  i n  t h e  c a r b o x y l  g r o u p ,  
t h u s  d e m o n s t r a t i n g  100% p h e n y l - g r o u p  
m i g r a t i o n  i n  t h e  a l k a l i n e  c a t a l y z e d  
r e a r r a n g e m e n t .  

has b e e n  shown p r e v i o u s l y  ( 3 6 )  

OH - ___, 
@:H I11 

*Member of the  Research P a r t i c i p a t i o n  Program 
sponsored j o i n t l y  by t h e  Oak Ridge I n s t i t u t e  of 
Nuclear  S t u d i e s  and Oak Rid  e N a t i o n a l  Labora- 
tory; p e r m a n e n t  a d d r e s s  , a i s s i s s i p p i  S t a t e  
C 0 l l e 5 ,  S t a t e  College , Miss i s s ipp i .  

(36)K. S .  Warren and 0. K. Nev i l l e ,  "Rearrange- 
ment of  a , a - D i b r  omopropiophenone, ' '  C h e a 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  ress R e p o r t  f o r  P e r i o d  
Ending June 30, 1951, &L-1116. 

The r e a c t i o n  i s  p o s t u l a t e d ( 3 ' )  t o  
i n v o l v e  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  m e t h y l  p h e n y l  d i k e t o n e  11, 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  
of r e a r r a n g e m e n t .  

S i n c e  s u c h  a r e a c t i o n  p a t h  i s  n o t  
t h e  o n l y  p l a u s i b l e  s c h e m e  t h a t  c a n  
be w r i t t e n ,  i t h a s  been o f  i n t e r e s t  t o  
s t u d y  t h e  b a s e - c a t a l y z e d  r e a r r a n g e -  
ment of m e t h y l  p h e n y l  d i k e t o n e  i t s e l f .  

M e t h y l  p h e n y l  d i k e t o n e ,  l a b e l e d  
in t h e  c a r b o n y l  g r o u p  a d j a c e n t  t o  
t h e  b e n z e n e  r i n g ,  was  p r e p a r e d  by  
t h e  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  
p r o p i o p h e n o n e  w i t h  b u t y l  n i t r i t e  f o l -  
lowed by a c i d  h y d r o l y s i s  of  the r e -  
s u l t a n t  monoxime. 

BuONO 
C6H5C*OCH,CH3 -----+ 

H+ 
C6H,C*OC(=NOH)CH3 C,H5C*OCOCH3 

. 
When m e t h y l  p h e n y l  d i k e t o n e  was 

s u b j e c t e d  t o  t h e  same c o n d i t i o n s  o f  
r e a r r a n g e m e n t  a s  t h o s e  u s e d  w i t h  t h e  
d i b r o m i d e  I ,  n o  a t r o l a c t i c  a c i d  was 
r e c o v e r e d .  T h e  s o l e  p r o d u c t  w a s  
2 , 5 - d i p h e n y l b e n z o q u i n o n e  , f o r m e d  by 
a l d o l  c o n d e n s a t i o n  b e t w e e n  two  m o l -  
e c u l e s  of  d i k e t o n e .  

- 2 H 2 0  
2C, H, COCOCH, 

I n  order  t o  a v o i d  t h i s  c o m p e t i n g  
c o n d e n s a t i o n  i t  w a s  n e c e s s a r y  t o  

( 3 7 ) R .  Levine and J .  R .  S t e v e n s ,  "Course  of 
t h e  Ox ida t ion  of P ropr iophenone  w i t h  A l k a l i n e  
HypobrEmite S o l u t i o n  and C e r t a i n  R e l a t e d  Reac- 
t i o n s ,  J. Am. Chem. S O C . ,  72, 1642-4 (1950). 
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c a r r y  o u t  t h e  r e a c t i o n  a t  h i g h  d i l u -  
t i o n ,  s o  t h a t  t h e  p o s s i b i l i t y  o f  
r e a c t i o n  b e t w e e n  t w o  o r g a n i c  m o l e -  
c u l e s  w a s  r e d u c e d .  S i n c e  m e t h y l  
p h e n y l  d i k e t o n e  i s  v e r y  s l i g h t l y  
s o l u b l e  i n  w a t e r ,  a c o n v e n i e n t  method 
i n v o l v e d  t h e  u s e  o f  a t w o - p h a s e  s y s -  
tem. The  d i k e t o n e ,  d i s s o l v e d  i n  a 
l a r g e  v o l u m e  o f  e t h e r ,  was  s t i r r e d  
v i g o r o u s l y  f o r  1 h r  w i t h  a n  e q u a l  
volume of 20% s o d i u m  h y d r o x i d e  s o l u -  
t i o n  m a i n t a i n e d  a t  0 ° C .  Under  t h e s e  
c o n d i t i o n s  a y i e l d  o f  a b o u t  25% o f  
t h e  d e s i r e d  a t r o l a c t i c  c o u l d  be  i s o -  
l a t e d  a f t e r  n e u t r a l i z a t i o n  o f  t h e  
aqueous  l a y e r  . 

The a t r o l a c t i c  a c i d  was d e g r a d e d  
b y  o x i d a t i o n  t o  a c e t o p h e n o n e  a n d  
c a r b o n  d i o x i d e .  S i n c e  n o  r a d i o a c t i v -  
i t y  was  f o u n d  i n  t h e  a c e t o p h e n o n e ,  
t h e  r e a r r a n g e m e n t  mus t  h a v e  o c c u r r e d  
w i t h  100% p h e n y l - g r o u p  m i g r a t i o n .  I n  
t h e  scheme be low,  t h e  r a d i o a c t i v i t i e s  
i n  m i c r o c u r i e s  p e r  m i l l i m o l e  a r e  
shown by t h e  a p p r o p r i a t e  s t r u c t u r e s  
of t h e  compounds s t u d i e d .  

C H sC* COCH CH, 

( 0 . 9 3 7 )  

c6H5T3 
NNHCOCH, BaC*O, 

PERIOD ENDING SEPTEMBER 30, 1951 

T h e s e  r e s u l t s  i n d i c a t e  t h a t  a r e -  
a c t i o n  p a t h  i n v o l v i n g  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  m e t h y l  p h e n y l  d i k e -  
t o n e  c a n n o t  b e  e x c l u d e d  i n  t h e  r e -  
a r r a n g e m e n t  o f  z , a - d i b r o m o p r o p i o -  
phenone .  I f  t h i s  i s  t h e  mode o f  r e -  
a c t i o n  i t  i s  o b v i o u s  t h a t  t h e  r a t e  o f  
r e a r r a n g e m e n t  o f  t h e  d i k e t o n e  m u s t  
b e  much f a s t e r  t h a n  t h e  r a t e  o f  i t s  
f o r m a t i o n ,  i . e . ,  i t s  c o n c e n t r a t i o n  
a t  a n y  t i m e  m u s t  b e  s o  l o w  a s  t o  
p r e c l u d e  c o n d e n s a t i o n  b e t w e e n  t w o  
m o l e c u l e s .  

I f  t h e  r e a r r a n g e m e n t  o f  m e t h y l  
p h e n y l  d i k e t o n e  t o  a t r o l a c t i c  a c i d  
i s  c o n s i d e r e d  t o  b e  o f  t h e  b e n z i l i c  
a c i d  t y p e ,  t h e  r e a c t i o n  would i n v o l v e  
t h e  r a p i d  r e v e r s i b l e  a d d i t i o n  of hy -  
d r o x y l  i o n  t o  o n e  c a r b o n y l  g r o u p ,  
f o l l o w e d  by m i g r a t i o n  o f  t h e  a d j a c e n t  
g r o u p .  T h e  r e a c t i o n  p a t h  f o l l o w e d  
would t h e n  b e  a f u n c t i o n  of t h e  r e l a -  
t i v e  r e a c t i v i t i e s  of t h e  two c a r b o n y l  
g r o u p s  t o w a r d  h y d r o x y l  i o n  a t t a c k ,  
and o f  t h e  r e l a t i v e  e a s e  o f  m i g r a t i o n  
o f  t h e  p h e n y l  and m e t h y l  g r o u p s .  

C, H, C* OC=NOH CH, 

( 0 . 9 3 5 )  

C H , C* OCOCH, 

i 
C, H, CHOHCH, 

C * OOH 

(0.925) 

( 0 . 0 0 5 )  (0 .857 )  
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p a t h  2 

0- 76 '5  

- O K  * C - CH, 
I 
OH 

From t h e  r e s u l t s  g i v e n  above  i t  i s  
o b v i o u s  t h a t  p a t h  2 i s  e l i m i n a t e d .  
I n  m o s t  o f  t h e  p r e v i o u s l y  s t u d i e d  
c a s e s  t h e  f i r s t ,  o r  h y d r o x y l a t i o n  s t e p ,  
h a s  a p p e a r e d  t o  b e  t h e  c o n t r o l l i n g  
o n e  i n  d e t e r m i n i n g  w h i c h  r e a c t i o n  
p a t h  was f o l l o w e d .  I n  t h e  p r e s e n t  
c a s e  t h e  s e c o n d ,  or r e a r r a n g e m e n t  
s t e p ,  is  a p p a r e n t l y  more i m p o r t a n t ,  
s i n c e  i t  i s  d i f f i c u l t  t o  j u s t i f y  t h e  
e x p e r i m e n t a l  r e s u l t s  by  t h e  a s s u m p -  
t i o n  o f  a t r e m e n d o u s  d i f f e r e n c e  i n  
c a r b o n y l  g r o u p  a f f i n i t i e s  f o r  h y -  
d r o x y l  - i o n  a t  t a c k .  

111 

STRUCTURE DETERMINATION STUDIES 

1-METHYLPHENANTHRENE-9 (10) -C: 

B. M.  Benjamin* C .  J .  C o l l i n s  

1-Me t h y l p h e n a n t h r e n e  I h a s  b e e n  
d e g r a d e d  t o  a s i n g l e  m e  t h y l f l u o r e n e  - 
c a r b o x y l i c  a c i d  I V  or V by  m e t h o d s  

IV v 

d e s c r i b e d  i n  a p r e v i o u s  r e p o r t .  ( 3 8 )  
T h i s  a c i d ,  w h i c h  i s  o b t a i n e d  i n  a 
y i e l d  o f  75% by r i n g  c l o s u r e  o f  t h e  
d i c a r b o x y l i c  a c i d  111, h a s  been  shown 
t o  p o s s e s s  s t r u c t u r e  IV b y d e c a r b o x y l a -  
t i o n  and o x i d a t i o n  t o  t h e  known k e t o -  
a c i d  V I I .  

I I1 

*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  
G r a d u a t e  F e l l o w  f r o m  t h e  U n i v e r s i t y  of 
F l o r i d a ,  G a i n e s v i l l e ,  F l o r i d a .  
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I 

i 

0 
I I  

VI 

0 
II 

a n d  t h e  m i x t u r e  was h e a t e d  w i t h  r e -  
f l u x i n g  f o r  3 h r  A l i t t l e  b i c a r -  
b o n a t e  was added  and  t h e  s o l u t i o n  was 
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  a q u e o u s  l a y e r  f o l l o w e d  b y  
e t h e r  e x t r a c t i o n  g a v e  a y e l l o w  a c i d  
m e l t i n g  a t  2 8 0 ° C  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 .  F l u o r e n o n e  -3 - c a r b o x y l i c  
a c i d  i s  r e p o r t e d ( 3 g )  t o  me l t  a t  2 8 5  
t o  2 8 6 ” C ,  w h i l e  t h e  o t h e r  p o s s i b l e  
i s o m e r ,  f l u o r e n o n e - 1 - c a r b o x y l i c  
a c i d ( 4 0 )  mel t s  a t  1 9 1  t o  192°C.  

‘OoH CHRYSENE-5, 6-C:4 

VI1 D.  N. Hess C. J .  C o l l i n s  

Experimental. A s a m p l e  o f  m e t h y l -  
f l u o r e n o n e c a r b o x y l i c  a c i d  w e i g h i n g  
8 2 . 6  mg was  p l a c e d  i n  a f l a s k  w i t h  
5 g o f  d i b e n z y l  a m i n e ,  5 g o f  t r i b e n z y l  
amine ,  and 100 m g  o f  c o p p e r  c h r o m i t e .  
T h e  t e m p e r a t u r e  w a s  r a i s e d  r a p i d l y  
u n t i l  r e f l u x  b e g a n ,  w h e r e u p o n  g a s  
was e m i t t e d  a l m o s t  a l l  a t  o n c e  a n d  
p r e c i p i t a t e  was f o r m e d  i n  a Ba(OH),  
t r a p .  H e a t i n g  was  c o n t i n u e d  w h i l e  
p a s s i n g  h e l i u m  t h r o u g h  t h e  r e a c t i o n  
m i x t u r e  , b u t  no  more p r e c i p i t a t e  formed 
i n  a f r e s h  Ba(OH), t r a p .  A f t e r  c o o l -  
i n g ,  a n  e x c e s s  of 6 N HC1 was 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 ,  and t h e  mix-  
t u r e  was e x t r a c t e d  w i t h  e t h e r .  R e -  
moval  o f  e t h e r  i n  a n  a i r  s t r e a m  l e f t  
an  o i l y  b r o w n r e s i d u e  w h i c h  was i n e r t  
t o w a r d  b i c a r b o n a t e  a n d  w o u l d  n o t  
c r y s t a l l i z e  upon c o o l i n g .  When t h e  
r e s i d u e  w a s  t a k e n  u p  i n  h o t  8 0 %  
e t h a n o l  and  t h e  s o l u t i o n  was c o o l e d ,  
t h e  o i l y  r e s i d u e  a g a i n  s e p a r a t e d .  
R a p i d  c o o l i n g  a g a i n  d i d  n o t  c a u s e  
c r y s t a l l i z a t i o n .  A l l  s o l v e n t s  were 
r e m o v e d .  To t h e  o i l y  r e s i d u e  w a s  
added  5 0 m l o f  a 2% s o l u t i o n  o f  KMnO,, 

The p r o c e d u r e  f o r  t h e  d e g r a d a t i o n  
o f  c h r y s e n e - 5 , 6 - C i 4  I ( 4 1 )  h a s  now 
b e e n  a c c o m p l i s h e d ,  u s i n g  u n l a b e l e d  
c h r y s e n e  f o r  t h e  mode l  e x p e r i m e n t s .  
S i n c e  t h e  s c h e m e  h a s  n o t  y e t  b e e n  
a p p l i e d  t o  t h e  c h r y s e n e - 5 , 6 - C i 4  I ,  
t h e  e x p e r i m e n t a l  p r o c e d u r e  w i l l  b e  
g i v e n  i n  a l a t e r  r e p o r t .  

R i n g  c l o s u r e  o f  t h e  a c i d  I11 h a s  
now b e e n  f o u n d  t o  y i e l d  a m i x t u r e  
o f  t w o  keto a c i d s ,  I V  a n d  V. ( T h e  
a s t e r i s k s  a r e  i n c l u d e d  i n  t h e  f o r m u l a s  
t o  show how t h e  scheme w i l l  a p p l y  t o  
t h e  l a b e l e d  c h r y s e n e . )  When t h i s  
m i x t u r e  i s  b o i l e d  w i t h  m e t h a n o l  c o n -  
t a i n i n g  a c a t a l y t i c  amount  of  a c e t y l  
c h l o r i d e ,  o n l y  one m e t h y l  e s t e r  V I  i s  
f o r m e d .  T h e  a c i d  I V  c a n  t h e n  b e  

(39)0. Kruber ,  “ B e i t r ‘ i g  zur  K e n n t n i s  d e r  
h‘dhersiedetvden Frakt ionen d e s  S t e i n k o h l e n t e e r -  
Schwerzls,  B e r . ,  65B. 1382-6 (1932); A. S i e g l i t z  
and J .  Schal ;zkes ,  “Uber e i n  S y n t h e s e  der  Iso- 
diphenszure , i b  i d .  , 54, 2070- 1 ( 1921). 

(40)R. F i t t i g  and H .  Liepmann, “Fluoranthen,  ” 
Ann., 200, 6 (1879) .  

( , l ) C .  J .  C o l l i n s ,  A .  R .  J o n e s ,  and G .  M. 
Tof fe 1 , “ The Mechanism of  the  Wagner Rearrapg.e,; 
ment. 11. The S y n t h e s i s  of C h r y s e n e - 5 , 6 - C 1  , 
Chemis try  D i v i s i o n  Q u a r t e r l y  Progress  Repor t  for 
P e r i o d  Ending June 30, 1950, mL-795, p.  78. 
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I I 

I 

I 
CrO, - 

v -  

0 

+ @P / /  
C*OOH 

IV 

* 

V 

* 

C*OOH 

I or NaOH 
C*OOH 

removed q u a n t i t a t i v e l y  by  t h e  a c t i o n  
of sod ium b i c a r b o n a t e  s o l u t i o n .  

Bo th  k e t o  a c i d s  h a v e  b e e n  d e c a r -  
b o x y l a t e d  t o  y i e l d  k e t o n e s  VI1 a n d  
V I I I .  I n s p e c t i o n  o f  t h e  r e a c t i o n  
s e q u e n c e  shows  t h a t  an a s s a y  of t h e  

f ? *  
-co, >V(J+J 

IV -I- c*o, 
/ /  

I11 

CH,OH 

CH, COC 1 

HC1 i- HOAC 

> - 
I 
C*OOCH, 

VI 

l a b e l e d  ke tone  V I I s h o u l d  be  a measu re  
of t h e  c a r b o n - 1 4  i n  t h e  6 p o s i t i o n  of 
t h e  c h r y s e n e  I ,  whereas  a n a s s a y  of t h e  
l a b e l e d  k e t o n e  VI11 s h o u l d  be  a meas-  
u r e  of t h e  c a r b o n - 1 4  i n  t h e  5 p o s i t i o n  
of  t h e  c h r y s e n e  I .  A t r a c e r  r u n  i s  
now i n  p r o g r e s s .  

VI I 
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FOR PERIOD ENDING SEPTEMBER 30, 1951 

CHEMISTRY OF SEPARATIONS PROCESSES 

FLUORIDE STUDIES 

P. A .  Agron 

REMOVAL OF PROTACTINIUM-233 FROM NEU- 
TRON IRRADIATED ThF, 

I n  t h e  f l u o r i d e  v o l a t i l i z a t i o n  o f  
p r o t a c t i n i u m  f rom i r r a d i a t e d  ThF, i t  
was o b s e r v e d  t h a t  r e l a t i v e l y  l a r g e  
f r a c t i o n s  were removed i n  t h e  i n i t i a l  
r u n s  w h e r e  a p l a t i n u m  b o a t  h a d  b e e n  
u s e d . ( ' )  I n  t h e s e  e x p e r i m e n t s  t h e  
p l a t i n u m  had  b e e n  l a r g e l y  c o n v e r t e d  
t o  P tF ,  and v o l a t i l i z e d  away f r o m  t h e  

s a m p l e .  A se r i e s  o f  e x p e r i m e n t s  u s i n g  
f r e s h l y  p r e p a r e d  PtF, were p e r f o r m e d  
i n  a s t a n d a r d  manner t o  e l i m i n a t e  t h e  
e f f e c t  o f  t h e  h e a t  g e n e r a t e d  i n  t h e  
c o n v e r s i o n  o f  t h e  p l a t i n u m  t o  i t s  
f l u o r i d e s .  A c o m p a r i s o n  o f  t h e  e f -  
f e c t i v e n e s s  o f  P tF ,  . p l u s  f l u o r i n e  
v s .  c o m p a r a b l e  f l u o r i n e  . n d  PF, ( g )  
t r e a t m e n t s  i n  t h e  r e m o v a l  of p r o t a c -  
t i n i u m  i s  i l l u s t r a t e d  i n  T a b l e  8. 

Wi th  a b a c k g r o u n d  of  e x p e r i m e n t a l  
d a t a  a t  Brookhaven, a p e l l e t e d  s a m p l e  
o f  T h F , ( ' )  w a s  u s e d  h e r e  f o r  t h e  
e x t r a c t i o n  s t u d i e s .  S e v e r a l  c h i p s  

Table 8 

Ex tract ion of Protac t in ium-233 from ThF, 

RUN* 

c- 1 
c-2 

D- 0 
D- 1 
D-2 

E-0 

E-1 
E-2** 

F- 1 
F-2 
F- 3 

G- 1 
G- 2 

ThF, SAMPLE 

27K 

9 8K 

98K 

90K 

27K 

TREATMENT 
-~ ~ 

F,, 1 a tm 
F,, 1 atm 

PF,(g) (300 p s i a )  
F,j 1 a tm 
F,, 1 atm 

P t  i- F, 

0 . 4  g PtF, i- F, 
PtF, $- F, 

0.38  g PtF, F, 
0.30  g PtF, + F, 
0.34  g PtF, i- F, 

0.47 g PtF, + F, 
0 .24  g PtF, i- F, 

TEMPERATURE ("C) 

6 00 
6 00 

375-400 
600 
600 

5 00 
550 

600 
60 0 

600 
600 
600 

5 00 
500 

TIME ( h r )  

4 . 5  
4 . 5  
5 
4 
4 

1 
0 .25  

4 
3 . 5  

4 
2 
3 . 5  

6 
4 

~~ ~ 

FRACTION OF 
ACTIVITY REMOVED 

0.0036 
0.0032 

0.0045 
0.0029 

0.20 
0.06 

0.12 
0.01 
0.0065 

'"0.012*** 
0.007 

*Each l e t t e r  i n d i c a t e s  a d i f f e r e n t  series of t r e a t m e n t s ;  e a c h  number 
i n d i c a t e s  c o n s e c u t i v e  e x t r a c t i o n s .  

**Small  r e s i d u e  of PtF, f rom p r e v i o u s  run  i n  n i c k e l  b o a t .  

* * * S p i l l  on removal  of  f o i l ,  t h e r e f o r e ,  on ly  one -ha l f  of f o i l  used and 
t o t a l  a c t i v i t y  e s t i m a t e d .  

("P. A .  Agron and E. G. Bohlmann, " V o l a t i l i t y , "  
Chemistry Division Quarterly Progress Report for 

(2)Surface  Area, 6 = 0.48 m2/g.  Designated by 
Brookaven Nat ional  Laboratory a s  Sample N - 233 - 

Period Ending June 30, 1951, (3FwL-1116. 13 - 1. 
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o f  t h e  a b o v e  m a t e r i a l  were e x p o s e d  
i n  t h e  X-10  g r a p h i t e  r e a c t o r  f o r  1 6  
h r  a t  a f l u x  o f  5 x 10"  n e u t r o n s /  
cm2/ sec .  The s a m p l e  was t h e n  d i v i d e d  
i n t o  t h r e e  p o r t i o n s  o f  0 .12  g e a c h  
a n d  t r e a t e d  a s  i n d i c a t e d  i n  a n  a l l -  
n i c k e l  s y s t e m .  

T a b l e  8 l i s t s  t h e  c o n d i t i o n s  u s e d  
a n d  t h e  f r a c t i o n s  o f  p r o t a c t i n i u m  
removed f rom t h e  i r r a d i a t e d  ThF,. 

The d a t a  i n  T a b l e  8 i n d i c a t e  t h a t  
the p r e s e n c e  o f  PtF, markedly  f a c i l i -  
t a t e s  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  ThF, a t  600°C.  The m e c h a n i s m  
whereby t h i s  is e f f e c t e d  i s  n o t  known. 
However ,  i t  w a s  o b s e r v e d  i n  s e v e r a l  
o f  t h e  e x p e r i m e n t s  t h a t  when PtF, w a s  
n o t  c o m p l e t e l y  v o l a t i l i z e d  t h e  c h i p s  
of ThF, were y e l l o w  i n  a p p e a r a n c e ,  
i n d i c a t i n g  p e r h a p s  a d s o r p t i o n  o f  PtF, 
on  t h e  ThF, or compound f o r m a t i o n .  
Runs  G - 1  a n d  G - 2  i n d i c a t e  t h a t  t h e  
r a t e  o f  r e m o v a l  i n  t h e  p r e s e n c e  o f  
P tF ,  a t  500°C i s  h i g h e r  t h a n  t h a t  
u s i n g  f l u o r i n e  a l o n e  a t  600OC. Runs  
E - 1  a n d  F - 1  i n d i c a t e  a mean h o l d - u p  
t ime o f  l e s s  t h a n  1 0  d a y s .  T h e s e  
r e s u l t s  s u g g e s t  t h a t  i t  may b e  a d -  
v i s a b l e  t o  i n v e s t i g a t e  t h e  u s e  o f  
o t h e r  v o l a t i l e  f l u o r i d e s  w i t h  l o w e r  
n e u t r o n  c a p t u r e  cross s e c t i o n s ,  s u c h  
a s  BiF,. 

PROTIUM-DEUTERIUM EXCHANGE 

P. A.  Agron J .  H a l p e r i n  
I t  may be  d e s i r a b l e  t o  p r o c e s s  a 

h o m o g e n e o u s .  r e a c t o r  D 2 0  s o l u t i o n  
d i r e c t l y  w i t h  p r o t o n a t e d  i o n - e x c h a n g e  
r e s i n s  or o r g a n i c  s o l v e n t s  i n  w h i c h  
o n l y  t h e  r e a d i l y  r e p l a c e a b l e  hydrogen  
a t o m s  a r e  d e u t e r a t e d .  One o f  t h e  
f a c t o r s  d e t e r m i n i n g  t h e  f e a s i b i l i t y  
o f  s u c h  a p r o c e d u r e  i s  t h e  e x c h a n g e  
of  t h e  d e u t e r i u m  i n  t h e  D,O w i t h  t h e  
o r d i n a r y  h y d r o g e n  i n  t h e  o r g a n i c  
p h a s e  u n d e r  r a d i a t i o n .  A s t u d y  h a s  
been  s t a r t e d  f o r  t h e  p u r p o s e  o f  meas-  
u r i n g  s u c h  e x c h a n g e .  P r e l i m i n a r y  
work h a s  b e e n  p e r f o r m e d  i n  s e t t i n g  

up  a g r a d i e n t  t u b e  a n d  t h e  n e c e s s a r y  
t h e r m o s t a t i n g  b a t h  w i t h  w h i c h  t o  
m e a s u r e  w a t e r  d e n s i t y  a n d  t h u s  d e u -  
t e r i u m  c o n t e n t .  

ORGANIC CHEMISTRY OF SOLVENTS 

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

THE RATE OF HYDROLYSIS OF TRI-N-BUTYL 
PHOSPHATE 

Studies o n  t h e  r a t e  o f  h y d r o l y s i s  
of t r i - n - b u t y l  p h o s p h a t e  h a v e  b e e n  
d e l a y e d  w h i l e  a n a l y t i c a l  methods  a r e  
b e i n g  d e v e l o p e d .  The products o f  
t h i s  h y d r o l y s i s  a r e  b e i n g  p r e p a r e d  
i n  p u r e  f o r m  b o t h  w i t h  a n d  w i t h o u t  
l a b e l e d  phosphorous .  T h e s e  a r e  t o  be  
u s e d  a s  c a r r i e r s  a n d  t r a c e r s  i n  t h e  
a n a  l y  t i c a l  work. 

EXTRACTION OF ZIRCONIUM AND URANYL 
IONS INTO ORGANIC SOLVENTS 

USING DIBENZOYLMETHANE 

J. P. McBride 

The d e s i r a b i l i t y  o f  h a v i n g  a c h e -  
l a t i n g  a g e n t  w i t h  a l o w  s o l u b i l i t y  
i n  w a t e r  p r o m p t e d  a n  i n v e s t i g a t i o n  
o f  t h e  a p p l i c a b i l i t y  o f  d i b e n z o y l -  
methane  (DBM) i n  a s o l v e n t  e x t r a c t i o n  
s y s t e m .  I t  h a s  been  found t o  be v e r y  
much less e f f e c t i v e  t h a n  TTA ( t h e n o y l -  
t r i f l u o r o a c e t o n e )  a s  a n  e x t r a c t i n g  
a g e n t  f o r  Zrt4 and U 0 2 + ' .  

B e n z e n e  s o l u t i o n s  o f  DBM made by  
E a s t m a n  Kodak were e q u i l i b r a t e d  ( 4 0  
h r  s h a k i n g )  w i t h  3M HC10, s o l u t i o n s  
c o n t a i n i n g  z i r c o n i u m - 9 5  t r a c e r .  On ly  
n e g l i g i b l e  e x t r a c t i o n  was  o b s e r v e d .  
A l i q u o t s  o f  a s t o c k  TTA-benzene s o l u -  
t i o n  were added  t o  e a c h  benzene  p h a s e  
and  t h e  m i x t u r e s  r e a g i t a t e d  i n  o r d e r  
t o  t e s t  t h e  e x t r a c t a b i l i t y  o f  t h e  
t r a c e r .  The  d i s t r i b u t i o n  r a t i o s  o b -  
s e r v e d  i n  t h e  s y s t e m s  c o n t a i n i n g  b o t h  
DBM a n d  TTA were g r e a t e r  t h a n  p r e -  
d i c t e d  b y  a s i m p l e  a d d i t i o n  o f  t h e  
e x p e c t e d  e x t r a c t i o n  f r o m  e a c h  c h e l a t -  
i n g  a g e n t  a c t i n g  i n d e p e n d e n t l y .  The  
f o r m a t i o n  o f  a m i x e d  c h e l a t e  i s  a 
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- 7  

. 

l i k e l y  e x p l a n a t i o n  of t h i s  phenomenon. 
I t  wou ld  b e  o f  i n t e r e s t  t o  i n v e s t i -  
g a t e  t h e  e f f e c t  of t h e  a d d i t i o n  of 
DBM on t h e  e f f i c i e n c y  of c a t i o n  s e p a -  
r a t i o n s  by t h e  T T A  e x t r a c t i o n  method. 

T a b l e  9 s u m m a r i z e s  t h e  d a c a  ob- 
t a i n e d .  An a p p a r e n t  s l i g h t  e x t r a c -  
t i o n  is o b s e r v e d  i n  t h e  a b s e n c e  o f  
b o t h  DBM a n d  TTA. S i n c e  t h e  HC10, 
t r a c e r  s o l u t i o n  w a s  p r e p a r e d  b y  
s t r i p p i n g  t h e  z i r c o n i u m - 9 5  f r o m  a 
TTA-benzene s o l u t i o n  a n d  w a s h i n g  t h e  
r e s u l t i n g  a q u e o u s  p h a s e  w i t h  f r e s h  
b e n z e n e ,  t h e  e x t r a c t i o n  may be  d u e  
t o  a s m a l l  amount of T T A  r e m a i n i n g  i n  
t h e  a q u e o u s  p h a s e .  T h e  DBM d i s t r i -  
b u t i o n  r a t i o s  were c a l c u l a t e d  f r o m  
o r g a n i c  a l i q u o t s  h a v i n g  f r o m  9 t o  
100 gamma c /min  a n d ,  h e n c e ,  a r e  s u b -  
j e c t  t o  c o n s i d e r a b l e  e r r o r .  T h e y  
i n d i c a t e ,  h o w e v e r ,  a n  e q u i l i b r i u m  
c o n s t a n t  f o r  t h e  e x t r a c t i o n  o f  z i r -  
con ium o f  t h e  o r d e r  o f  l o 3 ,  compared  
t o  t h e  o r d e r  of a b o u t  lo9 for T T A .  

One e x p e r i m e n t  was r u n  t o  t e s t  t h e  
e f f i c i e n c y  of e x t r a c t i o n  o f  u r a n i u m -  
233 t r a c e r  f rom 0.02 M HC1 w i t h  0.5 M 
DBM b e n z e n e .  An e x t r a c t i o n  c o n s t a n t  

of a b o u t  l o w 4  was o b s e r v e d ,  compared  
w i t h  a b o u t  for TTA.  

A new s c i n t i l l a t i o n  c o u n t e r  con-  
t a i n i n g  a s o d i u m  i o d i d e  c r y s t a l  h a s  
b e e n  i n s t a l l e d  i n  t h e  l a b o r a t o r y .  
The c r y s t a l ,  wh ich  is 2 i n .  t h i c k  and 
1% i n .  i n  d i a m e t e r ,  h a s a  h o l e  d r i l l e d  
a l o n g  t h e  a x i s  of t h e  c y l i n d e r  1% i n .  
d e e p  w h i c h  accommodates  a s m a l l  t e s t  
t u b e .  The  m a t e r i a l  t o  be  c o u n t e d  i s  
p l a c e d  i n  t h e  t u b e  and  i n s e r t e d  i n  a 
m e t a l  r e c e p t a c l e  c o n t a i n e d  i n  t h e  
c r y s t a l  h o l e .  The c o u n t i n g  r a t e  was 
t h e n  f o l l o w e d  as a f u n c t i o n  of volume 
by d i l u t i n g  w i t h  a q u e o u s  a c i d .  F i g -  
u r e  8 i l l u s t r a t e s  t h e  d a t a  o b t a i n e d .  

L a r g e r  v a r i a t i o n s  as  a f u n c t i o n  
of v o l u m e  were noted f o r  t h e  lower 
e n e r g y  gamma. I n  b o t h  c a s e s ,  however ,  
t h e  maximum i n  t h e  c o u n t  r a t e  a p p e a r s  
b e t w e e n  0 .5  a n d  0 . 8  m l .  ( A c t u a l l y  
t h e  h e i g h t  o f  t h e  s a m p l e  i n  t h e  t u b e  
i s  a m o r e  i m p o r t a n t  v a r i a b l e  t h a n  
v o l u m e ,  a n d  s a m p l e s  f o r  c o u n t i n g  
s h o u l d  be  d i l u t e d  t o  t h e  same h e i g h t  
r a t h e r  t h a n  t o  e q u a l  v o l u m e s  b e f o r e  
c o u n t i n g . )  

T a b l e  9 

E x t r a c t i o n  of Z i r c o n i u m - 9 5  from 3 M HC10, w i t h  D i b e n z o y l m e t h a n e  
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PERIOD ENDING SEPTEMBER 30, 1951 

To t e s t  t h e  l i n e a r i t y  o f  r e s p o n s e  
o f  t h e  c o u n t e r ,  a l i q u o t s  o f  a z i r -  
c o n i u m - 9 5  t r a c e r  were c o u n t e d .  A l l  
c o u n t i n g  s a m p l e s  were d i l u t e d  t o  t h e  
same h e i g h t  b e f o r e  c o u n t i n g .  E s s e n -  
t i a l l y  n o  d e v i a t i o n  from l i n e a r i t y  
was o b s e r v e d  u p  t o  1 4 0 , 0 0 0  c /min .  

T h e  gamma c o u n t  f o r  u r a n i u m - 2 3 3  
t r a c e r  a s  m e a s u r e d  on  t h i s  c o u n t e r  
a t  a s a m p l e  volume o f  750 p l  i s  1 . 2  x 

p e r  a l p h a  d i s i n t e g r a t i o n .  

ADSORPTION OF THENOYLTRIFLBOROACETONE 
AND I T S  URANYL CHELATE 
FROM ORGANIC SOLVENTS 

The u s e  o f  t h e n o y l t r i f  l u o r o a c e t o n e  
(TTA) f o r  t h e  e x t r a c t i o n  o f  l a r g e  
q u a n t i t i e s  o f  u ran ium e n t a i l s  t h e  u s e  
o f  a h i g h  c o n c e n t r a t i o n  o f  TTA o v e r  
and  a b o v e  t h e  s t o i c h i o m e t r i c  amoun t  
r e q u i r e d  f o r  t h e  f o r m a t i o n  o f  t h e  
c h e l a t e .  T h e  e x c e s s  TTA makes  s u b -  
s e q u e n t  s t r i p p i n g  o f  t h e  c a t i o n  b a c k  
i n t o  a n  a q u e o u s  s o l u t i o n  d i f f i c u l t  
b e c a u s e  o f  t h e  v e r y  l a r g e  d i l u t i o n  
r e q u i r e d  t o  r e d u c e  t h e  TTA c o n c e n t r a -  
t i o n  t o  a u s a b l e  v a l u e .  I n  v i e w  
o f  t h i s  i t  was c o n s i d e r e d  d e s i r a b l e  
t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  a 
c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h e  
e x c e s s  TTA f r o m  i t s  u r a n y l  c h e l a t e .  
I f  s u c h  a p r o c e d u r e  were t o  p r o v e  
f e a s i b l e ,  i t  would b e  employed  b e f o r e  
or d u r i n g  t h e  s t r i p p i n g  o p e r a t i o n .  
The f o l l o w i n g  i s  a r e p o r t  on t h e  p r e -  
l i m i n a r y  b a t c h  a d s o r p t i o n  e x p e r i m e n t s  
p e r f o r m e d  o n  t h i s  p r o b l e m .  S i n c e  
f o r  v a r i o u s  r e a s o n s  n o  f u r t h e r  work 
i s  p l a n n e d  f o r  t h e  i m m e d i a t e  f u t u r e ,  
i t  was f e l t  p r o p e r  t o  r e p o r t  t h e  work 
i n  d e t a i l  a t  t h i s  t i m e  a l t h o u g h  n o  
c o n c l u s i o n  a s  t o  t h e  f e a s i b i l i t y  o f  
s u c h  a s e p a r a t i o n  h a s  been  r e a c h e d .  

MATERIALS O F  RESEARCH 

T h e  a c t i v a t e d  a l u m i n a  u s e d  was  
F i s h e r  a d s o r p t i o n  a l u m i n a ;  t h e  bone  
c h a r c o a l ,  B a k e r  and  Adamson g r a n u l a r  
m a t e r i a l ;  t h e  t i t a n i a ,  B a k e r  a n d  

Adamson a n h y d r o u s  c p  r e a g e n t ;  and t h e  
alumdum, N o r t o n  Co.  r e f r a c t o r y  g r a i n  
RR Alundum. The s i l i c a  g e l  was Merck 
r e a g e n t - g r a d e  s i l i c i c  a c i d ,  wh ich  was 
b o i l e d  w i t h  c o n c e n t r a t e d  HC1, washed  
w i t h  w a t e r  a n d  a l c o h o l ,  d r i e d  a t  
l l O ° C ,  and  s i e v e d  t o  100  t o  200 mesh. 
T h e  z i r c o n i a  w a s  A .  D .  M a c k a y  c p  
z i r c o n i u m  h y d r o x i d e ,  w h i c h  was  r e -  
f l u x e d  w i t h  a l c o h o l  a n d  d r i e d  o v e r -  
n i g h t  a t  2OOOC. 

The  t h e n o y l t r i f l u o r o a c e t o n e  was  
o b t a i n e d  f r o m  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  R a d i a t i o n  L a b o r a t o r y ,  vacuum 
d i s t i l l e d  t w i c e ,  and  d r i e d  o v e r  P,O, 
b e f o r e  u s e .  T h e  m e l t i n g  p o i n t  o f  
t h e  p u r i f i e d  p r o d u c t  was 1 4 0  t o 1 4 1 " C .  

The u r a n y l  TTA c h e l a t e  w a s  p r e -  
p a r e d  b y  m i x i n g  a UO,SO, s o l u t i o n  
w i t h  t h e  s t o i c h i o m e t r i c  a m o u n t  o f  
TTA i n  b e n z e n e ,  p a r t i a l l y  n e u t r a l i z -  
i n g  w i t h  NH,OH t h e  a c i d  l i b e r a t e d  i n  
t h e  e x t r a c t i o n ,  a n d  p u l l i n g  o f f  t h e  
b e n z e n e  b y  s u c t i o n .  T h e  r e s u l t i n g  
r e d - o r a n g e  p r e c i p i t a t e  w a s  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  and  benzene - the  
l a t t e r  t o  r emove  e x c e s s  TTA. A f t e r  
a i r  d r y i n g ,  t h e  c h e l a t e  was a l l o w e d  
t o  s t a n d  o v e r  CaC1, i n  a n  e v a c u a t e d  
d e s s i c a t o r  . 
EXPERIMENTAL 

A d s o r p t i o n  o f  TTA.  T h e  TTA a d -  
s o r p t i o n  e x p e r i m e n t s  were p e r  f o r m e d  
by m i x i n g  2 m l  of  a 0 . 0 5  M TTA s o l u -  
t i o n  i n  t h e  s o l v e n t  t o  be t e s t e d  w i t h  
% g o f  a n  a d s o r b e n t  and e q u i l i b r a t i n g  
o v e r n i g h t .  T h e  TTA c o n c e n t r a t i o n  
b e f o r e  a n d  a f t e r  c o n t a c t  w i t h  t h e  
a d s o r b e n t  was d e t e r m i n e d  by d i l u t i n g  
by a f a c t o r  of l o 3  w i t h  b e n z e n e  ( i r -  
r e s p e c t i v e  o f  t h e  s o l v e n t )  a n d  meas -  
u r i n g  t h e  o p t i c a l  d e n s i t y  on a s p e c -  
t r o p h o t o m e t e r .  A d s o r b e n t s ,  o t h e r  
t h a n  c h a r c o a l ,  p r o d u c e d  l e s s  t h a n  10% 
d e c r e a s e  i n  t h e  t o t a l  vo lumes  o f  t h e  
s o l u t i o n s  w h e r e a s  c h a r c o a l  a b s o r b e d  
a b o u t  25% o f  e a c h  s o l v e n t  t e s t e d .  
P r e f e r e n t i a l  a d s o r p t i o n  o f  t h e  TTA 
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Table 10 

Adsorption of TTA from Organic Solvents 
C o n d i t i o n s :  2 m l  0 . 0 5  M TTA 

0.5 g a d s o r b e n t  

SOLVENT 

~~ 

Benzene  

Carbon 
t e t r a c h l o r i d e  

D i  bu t y  1 
c a r b i t o l  

Hexone 

A LUMINA 

98 

98 

* 

- 

PER CENT DECREASE IN TTA CONCENTRATION 

BONE 
CHARCOAL 

SILICA 
GEL 

1 2 * *  

63 

6 

2 1  

Z I R C O N I A  

23  

29 

10 

- 

T I  T A N 1  A 

* Changes o c c u r r i n g  i n  o p t i c a l  s e c t r a  upon c o n t a c t  w i t h  alumina make data  
d i f f i c u l t  t o  i n t e r p r e t ,  a s  e x p f a i n e d  i n  t h e  s e c t i o n  o f  t h i s  re o r t  on 
“ A d s o r p t i o n  of TTA and Uranyl  TTA C h e l a t e  from D i b u t y l  C a r b i t o f . ”  

* *  0.135 M TTA-benzene was u s e d .  

i s  s h o w n  by  t h e  d a t a  i n  T a b l e  1 0 ,  
w h i c h  r e c o r d s  t h e  p e r  c e n t  d e c r e a s e  
i n  l T A  c o n c e n t r a t i o n  i n  t h e  s o l v e n t s .  

Adsorption of Uranyl TTA Chelate. 
S u f f i c i e n t  u r a n y l  ‘ ITA c h e l a t e  t o  g i v e  
0 . 0 2 5  M s o l u t i o n s  was a d d e d  t o  e a c h  
o f  t h e  f o u r  s o l v e n t s  men t ioned  a b o v e ,  
which  were d r i e d  b e f o r e  u s e  by  a g i t a -  
t i o n  w i t h  a c t i v a t e d  a l u m i n a .  Benzene 
a n d  c a r b o n  t e t r a c h l o r i d e  f a i l e d  t o  
d i s s o l v e  t h e  c h e l a t e  c o m p l e t e l y  a f t e r  
i n t e r m i t t e n t  s h a k i n g  f o r  s e v e r a l  
h o u r s .  A p p r o x i m a t e  c h e l a t e  s o l u -  
b i l i t i e s  o f  0 . 0 0 6  IM for b e n z e n e  a n d  
0.0004 M f o r  c a r b o n  t e t r a c h l o r i d e  were 
i n d i c a t e d .  A s l i g h t  y e l l o w  p r e c i p i -  
t a t i o n  was o b s e r v e d  i n  t h e  d i b u t y l  
c a r b i t o l  and  hexone  s o l u t i o n s  o f  t h e  
c h e l a t e .  T h i s  w a s  c e n t r i f u g e d  o u t  
b e f o r e  u s e  and a d d i t i o n a l  p r e c i p i t a -  
t i o n  seemed n o t  t o  o c c u r  on s t a n d i n g .  

To e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  
t h e  p r e c i p i t a t i o n  o b s e r v e d  a b o v e  was 
an  i m p u r i t y  i n  t h e  c h e l a t e ,  a d d i t i o n a l  
c h e l a t e  w a s  r e c r y s t a l l i z e d  f r o m  

ALUNDUM 

0 

0 

9 

1 0  

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

Two-ml  a l i q u o t s  o f  t h e  c h e l a t e  
s o l u t i o n s  were e q u i l i b r a t e d  o v e r -  
n i g h t  w i t h  % - g  q u a n t i t i e s  o f  a c t i -  
v a t e d  a l u m i n a .  E s s e n t i a l l y  c o m p l e t e  
a d s o r p t i o n  o f  t h e  c h e l a t e  w a s  o b -  
t a i n e d  f r o m  b e n z e n e ,  c a r b o n  t e t r a -  
c h l o r i d e ,  and  hexone  a s  i n d i c a t e d  by  
t h e  c o m p l e t e  r e m o v a l  o f  t h e  y e l l o w  
c o l o r  f rom t h e  s o l u t i o n s .  C o n c e n t r a -  
t i o n s  of t h e  c h e l a t e  l e s s  t h a n  2 . 5  x 
1 0 ”  M g i v e  a n  e a s i l y  p e r c e p t i b l e  
y e l l o w  c o l o r .  I n c o m p l e t e  a d s o r p t i o n  
was o b t a i n e d  f r o m  t h e  d i b u t y l  c a r -  
b i t o l  s o l u t i o n ,  b u t  c h a n g e s  i n  t h e  
o p t i c a l  a d s o r p t i o n  s p e c t r a  o f  t h e  
c h e l a t e  b r o u g h t  a b o u t  by c o n t a c t  w i t h  
t h e  a l u m i n a  made i n t e r p r e t a t i o n  d i f -  
f i c u l t .  T h e s e  w i l l  b e  d i s c u s s e d  
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FOR PERIOD ENDING SEPTEMBER 3 0 ,  1 9 5 1  
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09- 

oa- 

O.? - 

- 
I - BEFORE CONTACT WITH 

ALUMINA 

ALUMINA 

- 
2 - AFTER CONTACT WITH - 

as - 
rp 0.5- 

d 

L 
\ - 
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b e l o w .  I n  o t h e r  a d s o r p t i o n  e x p e r i -  
m e n t s ,  u s i n g  t h e  c h e l a t e - h e x o n e  s o l u -  
t i o n s  and  s i l i c a  g e l  a n d  a l u n d u m  a s  
a d s o r b e n t s ,  n o  p r e f e r e n t i a l  a d s o r p t i o n  
o f  t h e  c h e l a t e  on t h e  a d s o r b e n t s  was 
o b s e r v e d .  

A d s o r p t i o n  o f  TTA a n d  U r a n y l  TTA 
C h e l a t e  from D i b u t y l  C a r b i t o l .  T h e  
a d s o r p t i o n  e x p e r i m e n t s  u s i n g  TTA- 
c a r b i t o l  a n d  c h e l a t e - c a r b i t o l  s o l u -  
t i o n s  and a c t i v a t e d  a l u m i n a  g a v e  v e r y  
d i f f e r e n t  r e s u l t s  f rom t h o s e  o b t a i n e d  
w i t h  t h e  o t h e r  s o l u t i o n s .  F i g u r e s  9 
a n d  1 0  show t h e  o p t i c a l  a d s o r p t i o n  
s p e c t r a  o b t a i n e d  u s i n g  t h e  TTA a n d  
c h e l a t e  s o l u t i o n s  b e f o r e  a n d  a f t e r  
c o n t a c t  w i t h  t h e  a l u m i n a .  The b r o k e n  
l i n e  i n  F i g .  1 0  i s  t h e  s p e c t r u m  o b -  
t a i n e d  u s i n g  t h e  c h e l a t e - h e x o n e  s o l u -  
t i o n .  (Of c o u r s e ,  a l l  s p e c t r a  were 
o b t a i n e d  a f t e r  t h e  s o l u t i o n s  were  
d i l u t e d  w i t h  b e n z e n e ,  a s  m e n t i o n e d  
p r e v i o u s l y .  T h e  s p e c t r a  o b t a i n e d  
a f t e r  c o n t a c t  r e s e m b l e  v e r y  c l o s e l y  
t h e  a luminum TTA c h e l a t e  s p e c t r u m  i n  
b e n z e n e .  ( 3 )  P r e s u m a b l y ,  i n  t h e  TTA 
c a s e ,  t h e  TTA r e a c t s  w i t h  t h e  a d s o r b e n t  
t o  f o r m  t h e  a l u m i n u m  c h e l a t e ,  w h i c h  
i s  n o t  a d s o r b e d .  I n  t h e  u r a n y l  c h e -  
l a t e  c a s e ,  p a r t i a l  d e c o m p o s i t i o n  o f  
t h e  c h e l a t e  o c c u r s  b e f o r e  a n d / o r  
d u r i n g  t h e  a d s o r p t i o n  p r o c e s s .  I t  
may b e  t h a t  t h e  a l u m i n u m  c h e l a t e  
was a l s o  formed d u r i n g  t h e  a d s o r p t i o n  
e x p e r i m e n t s  i n v o l v i n g  t h e  o t h e r  s o l -  
v e n t s  and a l u m i n a ,  and  t h a t  t h e  a l u -  
minum c h e l a t e  w o u l d  h a v e  b e e n  t h e  
s u b s t a n c e  e l u t e d  by  t h e  a d d i t i o n  o f  
an e l u t i n g  a g e n t  t o  t h e s e  s y s t e m s .  

RATE STUDIES WITH I O N  EXCHANGERS 

B. A .  S o l d a n o  G.  E .  Boyd 

D u r i n g  t h e  p a s t  q u a r t e r  s e v e r a l  
new a n d  i n t e r e s t i n g  f i n d i n g s  h a v e  

( 3 ) E .  L .  Z e b r o s k i ,  C h e l a t e  C h e m i s t r y  o f  
Theno l t r i f  l u o r o a c e t o n e  and A c e t y l a c e t o n e  and 
H d r o r y s i s  Phenomena of  T h e n o y l t r i f  luoroace tone ,  
E&-63, J u l y  1 ,  1947, Part 111, p .  16. 

F i g .  9 .  S p e c t r a l  C h a n g e s  P r o d u c e d  
i n  TTA - D i b u t y l  C a r b i t o l  by Alumina. 

I I I 1 I I I 
0.9L I - BE- CONTACT WITH 

UUYINA 
ao - 2 - AFTER COUTACl WITH - 

ALUMINA 
a? +___ SPECTRA OBTAINED - 

FROM URANYL TTA 
CHELATE - HEXONE - 

- 

0.2 - 
0.1 - 

300 325 330 315 425 
WAVE LENGTH (mp) 

F i g .  10. S p e c t r a l  Changes  Produced  
i n  Uranyl  T T A C h e l a t e - D i b u t y l  C a r b i t o l  
by Alumina. 

b e e n  made  i n  s t u d i e s  o n  t h e  s e l f -  
d i f f u s i o n  o f  i o n s  i n  v a r i o u s  i o n -  
e x c h a n g e  m a t e r i a l s .  T h r e e  t y p e s  of  
p r e p a r a t i o n s  were examined:  ( 1 )  Dowex- 
50 t y p e  s u l f o n i c  a c i d  c a t i o n  e x c h a n g e r s  
o f  v a r y i n g  c a p a c i t y  p r o d u c e d  by  d e -  
s u l f o n a t i o n ;  (2) Dowex- l  t y p e  a n i o n  
e x c h a n g e r s  i n  w h i c h  t h e  n a t u r e  o f  
t h e  exchange  g r o u p  was s y s t e m a t i c a l l y  
v a r i e d ;  ( 3 )  a c h e l a t i n g  r e s i n  shown 
t o  e x h i b i t  a h i g h  s p e c i f i c i t y  f o r  
t r a n s i t i o n  g r o u p  e l e m e n t s .  A l t h o u g h  
a d e t a i l e d  a c c o u n t  o f  t h e  f i r s t  two 
r e s e a r c h e s  c a n n o t  b e  g i v e n  h e r e ,  
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1 
D 2 S 0  

I ON (cm2 s e c - ' )  

K +  9 . 1 2  x 10" 

Ai? 4 . 2 7  x 
c o t t  5 . 0 5  x 
Zn .++ 1 . 0 9  x l o g 9  

Table 11 

DO. 3 0  L t .  

(cm2 s e c - 9  ( c a  l / r n o l e o l )  

2 . 9 3  x 10'" 1 7 , 5 0 0  

Self-diffusion of  C a t i o n s  i n  a C h e l a t i n g  Res in  

s e v e r a l  r e s u l t s  may b e  n o t e d :  B o t h  
e q u i l i b r i u m  s e l e c t i v i t y ( 4 )  and  r a t e  
m e a s u r e m e n t s  were c o n d u c t e d  on  t h e  
d e s u l f o n a t e d  c a t i o n  e x c h a n g e r s  i n  

P6-reer t o  d e t e r m i n e  t h e  e f f e c t  o f  
v a r i a b l e  c a p a c i t y  a t  c o n s t a n t  c r o s s -  
l i n k i n g .  S u r p r i s i n g l y ,  w i t h  t h e  
s o d i u m -  h y d r  o g e n  a n d  s i l v e  r - s od ium 
e q u i l i b r i a ,  l a r g e  i n c r e a s e s  i n  s e l e c -  
t i v i t y  f o r  t h e  H t  a n d  Agt i o n s ,  r e -  
s p e c t i v e l y ,  were f o u n d .  T h e s e  i n -  
c r e a s e s  a r e  i n t h e  d i r e c t i o n  of f a v o r -  
i n g  t h o s e  i o n s  t e n d i n g  t o  fo rm p o o r l y  
d i s s o c i a t e d  i o n  p a i r s .  I n  t h e  p a s t ,  
t h e  i o n s  i n  a n  i o n  e x c h a n g e r  h a v e  
b e e n  r e g a r d e d  a s  d i s s o l v e d  i n  t h e  
w a t e r  o f  g e l a t i o n .  T h e s e  new r e s u l t s ,  
h o w e v e r ,  s t r o n g l y  i n d i c a t e  t h a t  t h e  
o v e r - a l l  d i e l e c t r i c  c o n s t a n t  of t h e  
e x c h a n g e r  p h a s e  i s  of  d e c i s i v e  i m -  
p o r t a n c e ,  and  t h a t  t h e  i o n s  i n  a n  e x -  
c h a n g e r  may be more p r o p e r l y  r e g a r d e d  
a s  d i s s o l v e d  i n  a m i x e d  a q u e o u s -  
o r g a n i c  s o l v e n t .  The  r a t e  of  i o n i c  
s e l f - e x c h a n g e  i n  t h e  d e s u l f o n a t e d  
p r e p a r a t i o n s  d e c r e a s e d  w i t h  d e c r e a s e d  
c a p a c i t y  a n d  t h e  a c t i v a t i o n  e n e r g y  
i n c r e a s e d .  W i t h  v e r y  l o w - c a p a c i t y  
e x c h a n g e r s  t h e  a c t i v a t i o n  e n e r g y  
e x c e e d e d  1 0  k c a l / m o l e .  

Measurements  of t h e  s e l f  - d i f f u s i o n  
o f  a n i o n s  i n  e l e v e n  d i f f e r e n t  q u a t e r -  

(4)Performed by 0. D. Bonner, Department of 
Chemistry, U n i v e r s i t y  of South C a r o l i n a ,  Summer 
Research P a r t i c i p a n t .  

n a r y  ammonium-type  a n i o n  e x c h a n g e r s  
showed  t h a t  t h e  s t r u c t u r e  a n d  com- 
p o s i t i o n  o f  t h e  e x c h a n g e  g r o u p  may 
b e  o f  p r i m e  i m p o r t a n c e .  A l i n e a r  
r e l a t i o n  be tween  t h e  l o g a r i t h m  of t h e  
s e l f  - d i f f u s i o n  c o e f f i c i e n t  o f  b romide  
i o n  a n d  i t s  a c t i v a t i o n  e n e r g y  f o r  
d i f f u s i o n  was o b t a i n e d  w i t h  e x c h a n g e r s  
d e r i v e d  f r o m  h o m o l o g o u s  s e r i e s  o f  
t e r t i a r y  amines .  I n  g e n e r a l ,  t h e  r a t e  
d e c r e a s e d  a s  e i t h e r  t h e  s i z e  o r  t h e  
p o l a r i t y  o f  t h e  e x c h a n g e  g r o u p  i n -  
c r e a s e d .  

Some time ago p r e l i m i n a r y  e x p e r i -  
ments  were p e r f o r m e d  u s i n g  a c a t i o n i c  
c h e l a t i n g  r e s i n  (XE-102)  made a v a i l -  
a b l e  t o  u s  t h r o u g h  R. K u n i n  of  t h e  
Rohrn a n d  H a a s  Company.  C o m p a r i s o n s  
were made b e t w e e n  t h e  r a t e s  o f  s e l f -  
e x c h a n g e  o f  s t r o n t i u m  a n d  c u p r i c  
i o n s ,  r e s p e c t i v e l y ,  u s i n g  a p p r o p r i a t e  
r a d i o a c t i v e  t r a c e r s .  The  f o r m e r  i o n  
r e a c t e d  r a p i d l y  and r e v e r s i b l y ,  w h e r e -  
a s  t h e  l a t t e r  showed n o  s e l f - e x c h a n g e  
e v e n  a f t e r  many h o u r s .  F u r t h e r  meas-  
u r e m e n t s  ( T a b l e  1 1 )  o n  t h e  s e l f -  
d i f f u s i o n  of  p o t a s s i u m ,  s i l v e r ,  c o -  
b a l t ,  a n d z i n c  i o n s  have  r e v e a l e d  t h a t  
i n  some c a s e s  a t  l e a s t  t h e  r e a c t i o n  
v e l o c i t i e s  a r e  s u c h  t h a t  q u a n t i t a t i v e  
r a t e  c o n s t a n t s  c a n  be o b t a i n e d .  

P o t a s s i u m  i o n  was f o u n d  t o  s e l f -  
d i f f u s e  q u i t e  r a p i d l y  a n d  a t  a r a t e  
w h i c h  may b e  c o m p a r e d  w i t h  t h a t  ob -  
s e r v e d  f o r  a n o m i n a l  5.5% DVB Dowex- 
50 t y p e  e x c h a n g e r .  S i l v e r ,  c o b a l t o u s ,  

t 
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and z i n c  i o n s ,  h o w e v e r ,  d i f f u s e d  i n  p o r t a n c e ,  and q u i t e  l a r g e  a c t i v a t i o n  
t h e  c h e l a t i n g  r e s i n  f a r  more s l o w l y  e n e r g i e s  were o b s e r v e d .  As e x p e c t e d ,  
than i n  Dowex-50 ( D , , a  for  Zntt i n  5% t h i s  c h e l a t i n g  r e s i n  i s  spec i f i c  for 
DVB Dowex-50 Q 1 . 9  x l o - ' ) .  F u r t h e r ,  the c a t i o n s  of the t r a n s i t i o n  group 
c a t i o n i c  c h a r g e  was o f  l i t t l e  i m -  e l e m e n t s .  

5 5  
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CHEMICAL PHYSICS 
# 

NEUTRON DIFFRACTION STUDIES 

H .  A .  Levy S. W .  P e t e r s o n  

THE CRYSTAL STRUCTURE OF POTASSIUM 
BIFLUORIDE 

The q u e s t i o n  o f  t h e  n a t u r e  o f  t h e  
h y d r o g e n  bond i n  t h e  b i f l u o r i d e  i o n  
h a s  a t t r a c t e d  much e x p e r i m e n t a l  a n d  
t h e o r e t i c a l  t r e a t m e n t .  X - r a y  c r y s -  
t a l l o g r a p h y  h a s  shown t h a t  t h e  t w o  
f l u o r i n e  a toms i n  p o t a s s i u m  b i f l u o r i d e  
a r e  s e p a r a t e d  by  t h e  s h o r t  i n t e r -  
a t o m i c  d i s t a n c e  o f  2 . 2 6  A .  The l o c a -  
t i o n  o f  t h e  p r o t o n ,  wh ich  i s  presumed 
r e s p o n s i b l e  f o r  t h e  b i n d i n g ,  h a s  
been  t h e  a im o f  s e v e r a l  i n v e s t i g a t i o n s .  
I f  t h e  f o r c e s  i n  t h e  b i f l u o r i d e  i o n  
a r e  c h i e f l y  e l e c t r o s t a t i c  t h e  p r o t o n  
w o u l d  b e  e x p e c t e d  t o  b e  c e n t r a l l y  
l o c a t e d  be  t w e e n  t h e  f l u o r i n e  a t o m s .  
I f  e x c h a n g e  f o r c e s  a r e  i m p o r t a n t  a 
p o t e n t i a l  f u n c t i o n  w i t h  a d o u b l e  
minimum m i g h t  b e  e x p e c t e d  a n d  t h e  
p r o t o n  w o u l d  b e  l o c a t e d  a t  r a n d o m  
i n  t w o  p o s i t i o n s  c l o s e  t o  e i t h e r  
f l u o r i n e  a tom.  K e t e l a a r , ( ’ )  and  a l s o  
G l o c k l e r  a n d  E v a n s , ( 2 )  u t i l i z i n g  
i n f r a r e d  d a t a ,  came t o  t h e  c o n c l u s i o n  
t h a t  t h e  d o u b l e  minimum model was t h e  
c o r r e c t  o n e .  T h e i r  r e s p e c t i v e  c a l -  
c u l a t i o n ~ ( ~ )  l e d  t o  d i s t a n c e s  o f  
0 .70  and 0.52 A between t h e  p o t e n t i a l  
m i n i m a .  Some d o u b t  w a s  c a s t  u p o n  
t h e s e  c o n c l u s i o n s  by  t h e  d i e l e c t r i c  
c o n s t a n t  m e a s u r e m e n t s  o f  P o l d e r ( ‘ )  

( ” J .  A .  A .  K e t e l a a r ,  “ I n v e s t i g a t i o n  i n  the  
Infrared. I .  The Absorption andRef l ec t ion  Spectra 
of KHF KDF and RbHF, i n  R e l a t i o n  t o  t h e  
B i f luo? ide  IC&’, ” R e c .  t r a v .  c h i n . ,  6 0 ,  523-55  
(1941) .  

(,)G. Glock ler  and G.  E .  Evans, “The Double- 
Minimum b o b l e m  Appl i ed  t o  Potass ium Hydrogen 
F luor ide ,  J .  Chen. P h y s . ,  10,  607-9  (1942) .  

a n d  t h e  c a l c u l a t i o n s  o f  D a v i e s . ( ’ )  
More r e c e n t l y ,  i n  a c o m p l e t e  t h e r m o -  
dynamic  s t u d y ,  Westrum a n d  P i t z e r ( 6 )  
s h o w e d  t h a t  t h e r e  i s  n o  r e s i d u a l  
e n t r o p y  a t  a b s o l u t e  z e r o  i n  t h e  KHF, 
c r y s t a l  and  n o  s p e c i f i c  h e a t  a n o m a l y  
a b o v e  15”K, which  t h u s  s t r o n g l y  s u p -  
p o r t s  t h e  s i n g l e  p o t e n t i a l  minimum. 
I n  a d d i t i o n  t h e y  s u g g e s t e d  a r e i n -  
t e r p r e t a t i o n  o f  t h e  i n f r a r e d  d a t a  
which  would s u p p o r t  t h e i r  c o n c l u s i o n .  

T h i s  r e i n t e r p r e t a t i o n  h a s  b e e n  
c o r r o b o r a t e d  by K e t e l a a r ( ’ )  who h a s  
v e r y  r e c e n t l y  r e p o r t e d  on p o l a r i z e d  
i n f r a r e d  s t u d i e s  o f  KHF,-a m e t h o d  
w h i c h  a l l o w s  i n c r e a s e d  c e r t a i n t y  i n  
a s s i g n m e n t  o f  f r e q u e n c i e s .  The p r e s -  
e n t  n e u t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n  
was  b e g u n  b e f o r e  t h e  a p p e a r a n c e  o f  
t h e  l a t t e r  two  p a p e r s ,  b u t  h a s  b e e n  
much d e l a y e d  by c e r t a i n  e x p e r i m e n t a l  
d i f f i c u l t i e s  wh ich  w i l l  be  d i s c u s s e d  
b e l o w .  E v e n  t h o u g h  t h e  w o r k s  o f  
West rum a n d  P i t z e r  a p p e a r  t o  be  d e -  
c i s i v e ,  i t  s e e m e d  d e s i r a b l e  t o  h a v e  
c o n f i r m a t i o n  o f  t h e i r  c o n c l u s i o n s  by 
t h e  e s s e n t i a l l y  more d i r e c t  method o f  
a d i f f r a c t i o n  s t u d y .  The r e s u l t s  of 
s u c h  a s t u d y ,  w h i c h  i n c i d e n t a l l y  
p r o v i d e s  a more  d e t a i l e d  k n o w l e d g e  
of  t h e  s t r u c t u r e  and  t h e r m a l  m o t i o n s  
o f  t h e  b i f l u o r i d e  i o n  t h a n  i s  o b -  
t a i n a b l e  by o t h e r  means ,  i s  p r e s e n t e d  
be low. 

Powder S t u d i e s .  The f i r s t  a t t a c k  
on t h i s  p r o b l e m  by  n e u t r o n  d i f f r a c -  
t i o n  was by s p e c t r o m e t e r  s t u d i e s  o f  
powder s a m p l e s .  The s p e c t r o m e t e r  u s e d  

(”M. Davies ‘‘fSim le P o t e n t i a l  Functions for .f Cherr. P h y s . ,  1 5 ,  7 3 9 - 4 1  HF and [F-H. .F l - ,  
(1947) .  

(3)J. A .  A. Ketelaar, “The Infrared ,ppSor t i o n  
J .  &en. and Ref l ec t ion  S e c t r a  of KHF, and KDF,, 

P h y s . ,  9 ,  775-6 P1941). 
( 4 ) D .  Polder,  “Nature of the  dro n Bond in 

Potassium Hydrogen F l u o r i d e ,  ‘ N a z r e ,  1 6 0 ,  
8 7 0 -  1 ( 1 9 4 7 ) .  654  ( 1 9 5 1 ) .  

( ’ ) J .  A .  A .  K e t e l a a r  End W .  Vedder ,  “The 
J .  Chen.  P h y s . ,  19 ,  In frared  Spectrum of KHF,, 

( 6 ) E .  F.  Westrum and K. S.  P i t z e r ,  “Thermo- 
dynamics of t h e  Sys tem KHF, -KF-HF, I n c l u d i n g  
Heat C a p a c i t i e s  and E n t r o  i es  of KHF, ,Fnd KF. 
The Nature of the Hydrogen bond i n  KHF,, J .  A m .  
Chen.  S O C . ,  71 ,  1940-9 (1949) .  
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i s  s i m i l a r  t o  t h a t  d e s c r i b e d  b y  
W o l l a n  a n d  S h u l l , ( 8 )  b u t  i s  i s  p r o -  
v i d e d  w i t h  t h e  a d d i t i o n a l  f e a t u r e  o f  
a u t o m a t i c  r e c o r d i n g  o f  d a t a  on s t r i p  
c h a r t s .  M o n o c h r o m a t i c  r a d i a t i o n  o f  
1 . 1 6 - A  wave l e n g t h  o b t a i n e d  b y  r e -  
f l e c t i o n  o f  a n e u t r o n  beam f r o m  t h e  
( 1 1 1 )  p l a n e s  o f  a s i n g l e  c r y s t a l  o f  
c o p p e r  was used  i n  most  o f  t h i s  work. 
O t h e r  p a t t e r n s  w e r e  o b t a i n e d  u n d e r  
o t h e r  c o n d i t i o n s .  

Powder s a m p l e s  o f  b o t h  n o r m a l  a n d  
d e u t e r a t e d  p o t a s s i u m  b i f l u o r i d e  w e r e  
p r e p a r e d  f o r  s t u d y .  R e a g e n t - g r a d e  
p o t a s s i u m  f l u o r i d e  and  h y d r o g e n  f l u o -  
r i d e  i n  e q u i v a l e n t  q u a n t i t y  w e r e  
d i r e c t l y  r e a c t e d  a t  room t e m p e r a t u r e  
i n  a p l a t i n u m  c o n t a i n e r .  The r e s u l t -  
i n g  p r o d u c t  w a s  d r i e d  t o  c o n s t a n t  
w e i g h t  a t  1 0 0 ° C  a n d  a n a l y z e d  f o r  
p u r i t y  b y  t i t r a t i o n  w i t h  a l k a l i .  
T h e  s e v e r a l  p r e p a r a t i o n s  made a l l  
c o n t a i n e d  l e s s  t h a n  0 . 3 %  i m p u r i t y .  
S e v e r a l  s a m p l e s  o f  t h e  above  m a t e r i a l  
were d e u t e r a t e d  e s s e n t i a l l y  t o  com- 
p l e t i o n  by a p r o c e s s  o f  r e p e a t e d  e x -  
change  w i t h  99.8% D,O. The r e a c t i o n s  
w i t h  D,O were  c a r r i e d  o u t  i n  p l a t i n u m  
or b a k e l i t e  c o n t a i n e r s  i n  e i t h e r  a 
c o n t r o l l e d  a t m o s p h e r e  o r  i n  a vacuum 
d e s s i c a t o r .  T h u s ,  t h e  e x c e s s  D,O was 
d i s t i l l e d  o f f  i n  s u c h  a way a s  t o  
p r e v e n t  b a c k  e x c h a n g e .  T h r e e  o r  f o u r  
r e p e t i t i o n s  o f  t h e  p r o c e s s  y i e l d e d  
p r o d u c t s  w i t h  d e u t e r i u m  c o n t e n t s  of  
90% o r  a b o v e .  The d e u t e r i u m  c o n t e n t s  
w e r e  d e t e r m i n e d  by  d e n s i t y  m e a s u r e  - 
ments  on t h e  r e c o v e r e d  e x c e s s  D,O and 
by n e u t r o n  t r a n s m i s s i o n  m e a s u r e m e n t s  
on t h e  f i n a l  s a m p l e s .  The two methods  
gave  e x c e l l e n t  a g r e e m e n t .  

The p u r e ,  d r y  s a m p l e s  were p l a c e d  
i n  t i g h t l y  c l o s e d  t h i n - w a l l e d  c y l i n -  
d r i c a l  a l u m i n u m  c o n t a i n e r s  f o r  d i f -  
f r a c t i o n  m e a s u r e m e n t s .  T h e  u s u a l  
s a m p l e  s i z e  was 1 cm i n  d i a m e t e r  a n d  

5 cm i n  l e n g t h ,  and r e q u i r e d  3 t o  4 g 
of  m a t e r i a l .  The  s a m p l e  was r o t a t e d  
a b o u t  t h e  c y l i n d e r  a x i s  w h i l e  t h e  
d i f f r a c t i o n  d a t a  w e r e  a c c u m u l a t e d .  
A p p r o x i m a t e l y  90  d e g  o f  s c a t t e r i n g  
a n g l e  were c o v e r e d ,  w h e r e a s  s c a n n i n g  
r a t e s  o f  1 t o  4 d e g  i n  W / h r  w e r e  
e m p l o y e d ,  d e p e n d i n g  on t h e  d e g r e e  o f  
c o l l i m a t i o n  t h a t  was i n t r o d u c e d  i n t o  
t h e  a p p a r a t u s .  A p p r o p r i a t e l y  p l a c e d  
S o l l e r  s l i t s ,  u s e d  when h i g h  r e s o l u -  
t i o n  w a s  d e s i r e d ,  were c a p a b l e  o f  
g i v i n g  p e a k  h a l f - w i d t h s  a s  n a r r o w  a s  
3 6  m i n u t e s  o f  a r c  i n  t h e  low a n g l e  
r e g i o n  b u t  o n l y  a t  a c o n s i d e r a b l e  
s a c r i f i c e  i n  i n t e n s i t y .  D i f f r a c t i o n  
p a t t e r n s  were o b t a i n e d  on b o t h  n o r m a l  
a n d  d e u t e r a t e d  s a m p l e s  o f  K H F , ,  b u t  
o n l y  t h e  d e u t e r a t e d  s a m p l e s  y i e l d e d  
much u s e f u l  i n f o r m a t i o n .  T h i s  i s  
d u e  t o  t h e  l a r g e r  c o h e r e n t  c r o s s  
s e c t i o n  o f  d e u t e r i u m  r e l a t i v e  t o  
h y d r o g e n  a n d  t o  t h e  v e r y  much l o w e r  
d i f f u s e  s c a t t e r i n g  o f  d e u t e r i u m ,  
w h i c h  r e s u l t s  i n  f a r  s u p e r i o r  p e a k -  
t o - b a c k g r o u n d  r a t i o s .  D i f f r a c t i o n  
d a t a  were a l s o  o b t a i n e d  f o r  powdered  
n i c k e l  u n d e r  i d e n t i c a l  c o n d i t i o n s  i n  
o r d e r  t o  a l l o w  c o n v e r s i o n  o f  i n t e n s i -  
t i e s  t o  s t r u c t u r e  f a c t o r s  on a n  a b -  
s o l u t e  s c a l e .  I n t e g r a t e d  i n t e n s i t i e s  
o f  t h e  d i f f r a c t i o n  p e a k s  were  d e -  
t e r m i n e d  by m e a s u r i n g  p e a k  a r e a s  on 
t h e  c h a r t  r e c o r d i n g  by  u s e  o f  a p l a -  
n i m e t e r  or a l t e r n a t i v e l y  by a p p l i c a -  
t i o n  o f  t h e  t r a p e z o i d  r u l e .  

I n  s p i t e  o f  a l l o w i n g  d a t a  t o  a c -  
c u m u l a t e  o v e r  a l o n g  p e r i o d ,  t h e r e  
i s  c o n s i d e r a b l e  u n c e r t a i n t y  a t t a c h e d  
t o  many o f  t h e  i n t e n s i t y  v a l u e s  o b -  
t a i n e d  b e c a u s e  o f  v e r y  low i n t e n s i -  
t i e s ,  i n a d e q u a t e  r e s o l u t i o n ,  a n d  
m o d e r a t e  l y  h i g h  b a c k g r o u n d  l e v e  1s. 
H o w e v e r ,  t h e  d i f f r a c t i o n  p e a k s  o c -  
c u r r i n g  a t  s m a l l  a n g l e s  a r e  o f t e n  
w e l l  r e s o l v e d  and t h e  i n t e n s i t i e s  a r e  
o f t e n  r e p r o d u c i b l e  t o  w i t h i n  c o n -  
s i d e r a b l y  b e t t e r  t h a n  10%. 

( 8 ) E .  0. Wollan and C,  G .  S h u l l ,  "The Diffrac- P r e f e r r e d  O r i e n t a t i o n .  E x a m i n a -  t i o n  of Neutrons by C r y s t a l l i n e  Powders, 
R e v . ,  73, 830-41 (1948) .  t i o n  o f  t h e  powder  d a t a  showed  t h a t  

P h y s .  
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r e p r o d u c i b i l i t y  o f  some r e f l e c t i o n  
i n t e n s i t i e s  among d i f f e r e n t  s a m p l e s  
was  n o t  a l w a y s  w i t h i n  t h e  e x p e c t e d  
l i m i t s .  T h e  p a r t i c u l a r  p e a k s  t h a t  
s eemed  l e a s t  r e p r o d u c i b l e  a l s o  g a v e  
t h e  p o o r e s t  a g r e e m e n t  w i t h  c a l c u l a t i o n  
f o r  a l l  r e a s o n a b l e  m o d e l s .  A number 
o f  p l a u s i b l e  e x p l a n a t i o n s  f o r  t h i s  
b e h a v i o r ,  s u c h  a s  c h e m i c a l  o r  i s o -  
t o p i c  d i f f e r e n c e s  among t h e  s e v e r a l  
s a m p l e s ,  v a r y i n g  s c a t t e r i n g  b e h a v i o r  
o f  t h e  s a m p l e  c o n t a i n e r ,  o r  i n s t a b i l -  
i t y  i n  t h e  c o u n t i n g  c i r c u i t s ,  were 
e x p l o r e d  w i t h n e g a t i v e  r e s u l t s .  S i n c e  
KHF, i s  a s o f t  c r y s t a l  and  c r y s t a l -  
l i z e s  i n  t h i n  p l a t e s ,  i t  seemed p o s -  
s i b l e  t h a t  p r e f e r r e d  o r i e n t a t i o n  
i n d u c e d  by p a c k i n g  m i g h t  be a p l a u s i -  
b l e  e x p l a n a t i o n .  T h i s  h y p o t h e s i s  was 

t e s t e d  b y  o b t a i n i n g  d a t a  on s a m p l e s  
p a c k e d  i n  s u c h  a way a s  t o  m i n i m i z e  
i n d u c t i o n  o f  o r i e n t a t i o n .  S i n c e  n o  
s i g n i f i c a n t  d i f f e r e n c e s  were o b s e r v e d  
i n  t h e  new d a t a ,  t h e  a b o v e  e f f e c t s  
r e m a i n e d  u n e x p l a i n e d .  More r e c e n t l y  
a f u r t h e r  i n v e s t i g a t i o n  o f  KHF, was 
made by  t h e  s i n g l e  c r y s t a l  method and  
t hese  d a t a  g a v e  n o  i n d i c a t i o n  o f  t h e  
same p e c u l i a r i t i e s .  A n o t h e r  t e s t  f o r  
p r e f e r r e d  o r i e n t a t i o n  was t h e n  made,  
t h i s  t ime by  o b t a i n i n g  d i f f r a c t i o n  
p a t t e r n s  onKDF,, b o t h  w i t h  t h e  s a m p l e  
i n  no rma l  p o s i t i o n  a n d w i t h  t h e  s a m p l e  
h o l d e r  t i l t e d  90 d e g  from t h e  r o t a t i o n  
a x i s  o f  t h e  c o u n t e r  i n  a p l a n e  p e r -  
p e n d i c u l a r  t o  t h e  beam d i r e c t i o n .  
The t w o  p a t t e r n s ,  shown i n  F i g .  11, 
i l l u s t r a t e  t h e  s t r i k i n g  d i f f e r e n c e s  

UNCLASSIFIED 
DWG. 13364 300 I I I I I I I I 

r 
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F i g .  11. Neutron D i f f r a c t i o n  Pattern of  KDF,. 
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f o u n d  when t h i s  new t e s t  w a s  made .  
The  p e a k s  p a r t i c u l a r l y  a f f e c t e d  a r e  
(002) a n d  (1121, b o t h  o f  w h i c h  h a d  
g i v e n  e x p e r i m e n t a l  i n t e n s i t i e s  t h a t  
were low c o m p a r e d  w i t h  c a l c u l a t i o n .  
I f  t he re  i s  p r e f e r r e d  o r i e n t a t i o n  i n  
t h e  p o w d e r  d u e  t o  p a c k i n g  o f  t h i n  
p l a t e s  w i t h  t h e  c a x i s  v e r t i c a l ,  
t h e s e  p l a n e s  w i t h  l a r g e  1 i n d e x  a r e  
p r e c i s e l y  t h e  o n e s  t h a t  s h o u l d  b e  
a f - f e c t e d .  They  would  be e x p e c t e d  t o  
g i v e  a b n o r m a l l y  low i n t e n s i t i e s  w i t h  
t h e  c e l l  i n  n o r m a l  o r i e n t a t i o n  a n d  
a b n o r m a l l y  h i g h  i n t e n s i t i e s  w i t h  t h e  
c e l l  t i l t e d  90 d e g ,  a s  i n  t h e  e x p e r i -  
ment .  I t  seems q u i t e  c l e a r  t h a t  p r e -  
f e r r e d  o r i e n t a t i o n  t o  a n  e x t e n t  o f  
1 5  t o  30% e x i s t e d  i n  t h e  KHF, powder  
s a m p l e s  a s  p r e p a r e d  f o r  t h e  e x p e r i -  
ment .  

T r e a t m e n t  o f  Data.  W h i l e  t h e  
p r e s e n c e  o f  a n  i n d e t e r m i n a t e  a m o u n t  
o f  p r e f e r r e d  o r i e n t a t i o n  i n  a s a m p l e  
d o e s  c a s t  d o u b t  upon t h e  i n t e n s i t i e s  
o b t a i n e d  f r o m  s u c h  a s a m p l e ,  t h e  
a c t u a l  d a t a  o b t a i n e d  d i d  l e a d  t o  t h e  
c o r r e c t  s t r u c t u r e  i n  t h e  c a s e  of KHF,, 
a s  was c o n f i r m e d  by a s i n g l e - c r y s t a l  
s t u d y  r e p o r t e d  b e l o w .  H e n c e  i t  i s  
b e l i e v e d  w o r t h w h i l e  t o  p r e s e n t  t h e  
powder d a t a  o b t a i n e d .  

E x p e r i m e n t a l  i n t e n s i t i e s  c o r r e c t e d  
f o r  b a c k g r o u n d  a n d  s a m p l e - c o n t a i n e r  
s c a t t e r i n g  were c o n v e r t e d  t o  j F 2  v a l u e s  
on an a b s o l u t e  b a s i s  by means o f  t h e  
s t a n d a r d  X - r a y  e q u a t i o n  f i t t e d  t o  t h e  
n e u t r o n  

- 
’ h k l  - 

case  : 

I , V ~ A ~  
~ 

8nr 

P I  N2Ba 
iFXk - 

P s i n e  s i n 2 6  

The n o t a t i o n  f o l l o w s  t h e  u s u a l  c o n -  
v e n t i o n s .  The q u a n t i t y  i n  p a r e n t h e -  
s e s ,  w h i c h  i s  c h a r a c t e r i s t i c  o f  t h e  
i n s t r u m e n t ,  was e v a l u a t e d  f r o m  d i f  - 
f r a c t i o n  d a t a  o n  p o w d e r e d  n i c k e l .  
T h e  a b s o r p t i o n  c o r r e c t i o n  B a  w a s  
e v a l u a t e d  f r o m  m e a s u r e d  v a l u e s  o f  

PERIOD ENDING SEPTEMBER 3 0 ,  1951 

t h e  l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  
f o r  n e u t r o n s  d e t e r m i n e d  a l s o  a t  X = 
1 . 1 6  A .  C a l c u l a t e d  v a l u e s  o f  j F 2  
were o b t a i n e d  by  a d a p t a t i o n  of  t h e  
u s u a l  f o r m u l a : ( ’ )  

F = Zfo c o s  277 ( h x  i- k y  -t 2 2 ) .  

The s c a t t e r i n g  a m p l i t u d e  f o  i s  g i v e n  
by  (acoh/4n)‘ a s  l i s t e d  by S h u l l  and  
W o l l a n ( 1 0 )  f o r  many s u b s t a n c e s .  

X - r a y  s t u d i e s  o f  KHF, ( l 1  * h a v e  
shown t h a t  t h e  u n i t  c e l l  i s  t e t r a g -  
o n a l ,  w i t h  a. = 5 . 6 7 ,  c o  ~ 6 . 8 1 ,  t h a t  
t h e  s p a c e  g r o u p  i s  I)::, and  t h a t  t h e  
a t o m i c  p o s i t i o n s  a r e  K i n  t h e  f o u r -  
f o l d  p o s i t i o n s  ( 0 ,  0 ,  1 / 4 1  and  F i n  
t h e  e i g h t - f o l d  p o s i t i o n s  ( u F ,  ‘/z + u F ,  
0 )  w h e r e  uE: = 0 . 1 4 0 8 .  S i n c e  i t  i s  
e x t r e m e l y  l i k e l y  t h a t  t h e  p r o t o n  l i e s  
a l o n g  t h e  F-F bond,  t h e  l o g i c a l  l o c a -  
t i o n  o f  t h e  p r o t o n  wou ld  a l s o  be a n  
e i g h t - f o l d  ( u ,  ’/z + u, 0 )  p o s i t i o n .  
A m o d e l  a s s i g n i n g  o n e - h a l f  o f  a h y -  
d r o g e n  a tom i n  e a c h  of t h e s e  p o s i t i o n s  
would c o r r e s p o n d  t o  p r o t o n s  l o c a t e d  a t  
r a n d o m  i n  t h e  t w o - p o t e n t i a l - w e l l  
m o d e l .  I f  t h e  p a r a m e t e r  u i s  e q u a l  
to z e r o ,  f o u r - f o l d  p o s i t i o n s  w i t h  
hydrogen  c e n t e r e d  be tween  t h e  f l u o r i n e  
a toms  would  r e s u l t .  S i n c e  t h e s e  a r e  
t h e  o n l y  p h y s i c a l l y  r e a s o n a b l e  models  
t h e y  were  t h e  o n l y  o n e s  c a r e f u l l y  
t e s t e d .  T a b l e  1 2  l i s t s  e x p e r i m e n t a l  
jF’ v a l u e s  f r o m  o n e  o f  t h e  more  or 
l e s s  t y p i c a l  r u n s .  A l o n g  w i t h  i t  
a r e  g i v e n  c o r r e s p o n d i n g  j F 2  v a l u e s  
f o r  t h e  p a r a m e t e r  v a l u e s  u = 0 a n d  
u L 0.035. The l a t t e r  p a r a m e t e r  would 

(g)International Tables for the Determination 
of Crystal Structure ( R e v .  e d . ;  Ann A r b o r ,  
Michigan: Edwards Bros., I n c . ,  1944). 

( l 0 ) C .  G .  S h u l l  and E .  0. Wollan, “Coheren;, 
Amplitudes a s  Determined by Neutron Di f f rac t ion  , 
Phys. Rev., 81, 527 (1951). 

(‘”R. M .  Bozorth, “The G f y s t a l  Structure  of 
Potassium Hydro en Fluoride ,  J. A m .  Chea. S O C . ,  
45, 2128-35 (19!3). 

(12)L. Helmholz and M .  T. Rogers,  “ A  Redeter- 
minat ion  o f  t h e  F l u o r i p e - F l u o r i n e  D i s t a n c e  i n  
P o t a s s i u m  B i f l u o r i d e ,  J. A m .  Chen. S O C . ,  61, 
2 5 9 0 - 2  (1939). 
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Table 12 

Powder Diffraction Data from KDF, 

h k l  

1 1 0  
0 02 
200 
112 
2 1 1  
202 
220 
310 
222 

~ ~~~~ 

j F 2  
EXPERIMENTAL 

26.2 
40.2 
28 .4  

169 .0  
152.5 

5 . 7  
47.1  
20.2 
5.5 

j F 2  
CALCULATED 

u = o  

24.8 
47.4 
25 .2  

193.6  
150.4 

0 . 2  
43.2 
20.5 

3 . 3  

j F 2  
CALCULATED 

u = 0 . 0 3 5  

22.8 
47 .4  
21 .7  

187.0 
168 . 0 

L O  
34.6 
3 6 . 0  

0.8 

Note :  f D  was taken a s  0.56 s i n c e  t h e  sample was 92% d e u t e r a t e d .  
d a t a  from r e s o l v e d  peaks  a r e  p r e s e n t e d .  

Only 

c o r r e s p o n d  t o  a s e p a r a t i o n  b e t w e e n  
t h e  two p r o t o n  l o c a t i o n s  of  0.56  A .  
T e m p e r a t u r e  f a c t o r s  u s e d  c o r r e s p o n d  
t o  t h o s e  f o u n d  i n  t h e  s i n g l e - c r y s t a l  
w o r k  r e p o r t e d  b e l o w ,  i n c l u d i n g  t h e  
asymmetry  t o  be d i s c u s s e d .  The a g r e e -  
ment  o b t a i n e d  f o r  t h e  z e r o  p a r a m e t e r  
i s  d e f i n i t e l y  b e t t e r  t h a n  t h a t  f o r  
u = 0,035. C a r e f u l  e x a m i n a t i o n  o f  
t h e  d a t a  i n d i c a t e s  t h e  c o r r e c t  param- 
e t e r  v a l u e  t o b e  l e s s  t h a n  0.02. T h i s  
r e s u l t  c o r r e s p o n d s  t o  a s e p a r a t i o n  
be tween p r o t o n  p o s i t i o n s  of less  t h a n  
0 . 3 9  A .  T h u s  t h e  p o w d e r  d a t a  g i v e  
a r e s u l t  t h a t  h a s  some s i g n i f i c a n c e  
i n  e s t a b l i s h i n g  t h e  c e n t r a l  h y d r o g e n  
l o c a t i o n .  The  s i n g l e - c r y s t a l  d a t a  
w i l l  be  s e e n  t o  s e t  c l o s e r  l i m i t s  on 
t h e  p r o t o n  l o c a t i o n .  

S i n g l e - C r y s t a l  Work. R e c e n t  
w o r k ( 1 3 )  h a s  shown t h a t  a t  l e a s t  i n  
some c a s e s  c r y s t a l - s t r u c t u r e  f a c t o r s  

(13)S. W. Peterson and H .  A .  LEVY, “The Use o f  
S i n g l e  C r y s t a l  N e u t r o n  D i f f r : , c t i o n  Data f o r  
Crystal Structure Determination, J .  Cher.  P h y s . ,  
19, 1416 (1951). 

6 0  

c a n  be a c c u r a t e l y  d e t e r m i n e d  by means 
of s i n g l e - c r y s t a l  n e u t r o n - d i f f r a c t i o n  
m e a s u r e m e n t s .  A c c o r d i n g l y  s i n g l e  
c r y s t a l s  o f  KHF, w e r e  p r e p a r e d  b y  
s l o w  e v a p o r a t i o n  o f  ( o r d i n a r y )  a q u e o u s  
s o l u t i o n s  o f  t h e  p u r i f i e d  s a l t .  A 
s p e c i m e n  t h a t  had  a p p r o x i m a t e  d i m e n -  
s i o n s  o f  1 . 8  x 2 . 4  x 3 . 5  m m  was s e -  
l e c t e d  f o r  s t u d y .  A r o u g h  c a l c u l a -  
t i o n  w a s  m a d e  b a s e d  o n  B a c o n  a n d  
L o w d e ’ s ( “ )  c r i t e r i o n  f o r  t h e  l i m i t -  
i n g  t h i c k n e s s  of c r y s t a l  t h a t  s h o u l d  
d i s p l a y  l i t t l e  or n o  e x t i n c t i o n  i n  
t h e  s t r o n g  (211) r e f l e c t i o n .  T h i s  
y i e l d e d  a l i m i t i n g  t h i c k n e s s  o f  2 . 1  
m m  o n  t h e  a s s u m p t i o n  o f  a m o s a i c -  
s p r e a d  p a r a m e t e r  o f  5 m i n u t e s .  The  
c r y s t a l  was mounted  on a n  a d j u s t a b l e  
g o n i o m e t e r  h e a d  a n d  a d j u s t e d  u n t i l  a 
( 1 1 0 )  z o n e  a x i s ,  a n d  l a t e r  a ( 1 0 0 )  
z o n e  a x i s ,  was a c c u r a t e l y  v e r t i c a l .  
I n t e g r a t e d  r e f l e c t i o n s  were o b t a i n e d  
f r o m  t h e  v a r i o u s  p l a n e s  by  r o t a t i n g  
t h e  c r y s t a l  t h r o u g h  t h e  r e f l e c t i o n  

( 1 4 ) G .  E. Bacon and R .  D .  Lowde, “SecEndary 
Ac t u  E x t i n c t i o n  and Neutron C r y s t a l l o g r a p h y ,  

C r y s t . ,  1, 303-14 (1948). 
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FOR PERIOD ENDING SEPTEMBER 3 0 ,  1 9 5 1  

a n g l e  and s i m u l t a n e o u s l y  r o t a t i n g  t h e  
d e t e c t o r  a t  t w i c e  t h e  a n g u l a r  v e l o c i t y  
o f  t h e  c r y s t a l .  T e s t s  were made t o  
e n s u r e  t h a t  t h e  e n t i r e  B r a g g  r e f l e c -  
t i o n  e n t e r e d  t h e  d e t e c t o r .  The 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  was u s u a l l y  8 d e g / h r .  The  p e a k  
was r e c o r d e d  o n  a s t r i p - c h a r t  r e -  
c o r d e r  and  a t  t h e  same time t h e  t o t a l  
a c c u m u l a t e d  number  o f  c o u n t s  a s  i n -  
d i c a t e d  b y  a s c a l a r  was r e c o r d e d .  
T h e  i n t e g r a t e d  p e a k  i n t e n s i t y  w a s  
t a k e n  t o  be  t h e  t o t a l  number o f  c o u n t s  
e n t e r i n g  t h e  d e t e c t o r  d u r i n g  t h e  s c a n -  
n i n g  p e r i o d ,  c o r r e c t e d  f o r  t h e  b a c k -  
g r o u n d  r a d i a t i o n  a s  o b s e r v e d  w h e n  
t h e  c r y s t a l  was j u s t  o u t  o f  r e f l e c t -  
i n g  p o s i t i o n .  I n d i v i d u a l  r e f l e c t i o n s  
were f o u n d  t o  b e  r e p r o d u c i b l e  t o  a 
few p e r  c e n t .  

S t r u c t u r e  f a c t o r s  were o b t a i n e d  
f r o m  t h e  i n t e g r a t e d  i n t e n s i t y  d a t a  
by a p p l i c a t i o n  of t h e  f o l l o w i n g  e q u a -  
t i o n  a d a p t e d  f rom 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 :  ( ) 

s i n  2 0  

I n  o r d e r  t o  o b t a i n  a b s o l u t e  v a l u e s  o f  
F ,  t h e  i n s t r u m e n t a l  c o n s t a n t s  I , h . 3 / ~  
w e r e  e v a l u a t e d  by mak ing  u s e  o f  d a t a  
f r o m  a N a C l  c r y s t a l  t h a t  h a s  p r e -  
v i o u s  l y  b e e n  c a r e  f u l l y  s t u d i e d .  ( ’ ) 

Abs o r p t  i o n  c o r r e c  t i ons  were  e s t  ima t e d  
f r o m  a m e a s u r e d  v a l u e  f o r  t h e  l i n e a r  
a b s o r p t i o n  c o e f f i c . i e n t  of KHF,, u s i n g  
a c y l i n d r i c a l  a p p r o x i m a t i o n  f o r  t h e  
c r y s t a l  s h a p e .  E x p e r i m e n t a l  F v a l u e s  
were  compared  w i t h  s t r u c t u r e  f a c t o r s  
c a l c u l a t e d  f o r  t h e  m o d e l s  d e s c r i b e d  
a b o v e .  The f i r s t  s t e p  i n v o l v e d  c a l -  
c u l a t i n g  s t r u c t u r e  f a c t o r s  f o r  s e v e r a l  
v a l u e s  o f  t h e  p a r a m e t e r  u w i t h o u t  
a p p l y i n g  t e m p e r a t u r e  f a c t o r s .  T h e  

o v e r - a l l  f i t  a t  t h i s  s t a g e  was  v e r y  
p o o r  f o r  a n y  of  t h e  p a r a m e t e r  v a l u e s ,  
and  i t  was q u i t e  a p p a r e n t  t h a t  a p p l i -  
c a t i o n  o f  a s i n g l e  o v e r - a l l  D e b y e -  
Waller t e m p e r a t u r e  f a c t o r  would be  o f  
l i t t l e  v a l u e .  H e n c e  s e p a r a t e  t e m -  
p e r a t u r e  f a c t o r s  were i n t r o d u c e d  f o r  
e a c h  o f  t h e  a t o m s ,  a n d  s y s t e m a t i c  
v a r i a t i o n  o f  t h e s e  l e d  t o  much i m -  
p roved  a g r e e m e n t .  C a r e f u l  e x a m i n a t i o n  
o f  t h e  d a t a  a t  t h i s  s t a g e  b r o u g h t  o u t  
t h e  f a c t  t h a t  p l a n e s  w i t h  a l a r g e  1 
i n d e x  were b e i n g  c a l c u l a t e d  c o n s i s t -  
e n t l y  t o o  l a r g e .  T h i s ,  i t  may b e  
r e c a l l e d ,  i s  s i m i l a r  t o  t h e  e f f e c t  
a s c r i b e d  t o  p r e f e r r e d  o r i e n t a t i o n  i n  
t h e  p o w d e r  d a t a  b u t  o f  a s m a l l e r  
o r d e r  o f  m a g n i t u d e .  The  p o s s i b i l i t y  
o f  a n  e x p l a n a t i o n  o f  t h i s  e f f e c t  i n  
t e r m s  o f  s p e c i a l  t e m p e r a t u r e  m o t i o n s  
f o r  t h e  h y d r o g e n  a t o m  w a s  e x p l o r e d  
w i t h  e s s e n t i a l l y  n e g a t i v e  r e s u l t s .  
I t  was f i n a l l y  d i s c o v e r e d  t h a t  a p p l i -  
c a t i o n  o f  a n  a s y m m e t r i c  t e m p e r a t u r e  
f a c t o r  t o  t h e  f l u o r i n e  a t o m s ,  s i m i l a r  
t o  t h a t a p p l i e d  by  L e l y  a n d B i j v o e t ( ” )  
t o  t h e  CN g r o u p  i n  NH,CN, was e x a c t l y  
w h a t  was n e e d e d  t o  b r i n g  c a l c u l a t e d  
a n d  e x p e r i m e n t a l  s t r u c t u r e  f a c t o r s  
i n t o  e x c e l l e n t  a g r e e m e n t .  The  a sym-  
m e t r i c  t e m p e r a t u r e  f a c t o r  u s e d  was  
o f  t h e  form 

e - ( B l  t B, s i n 2  a) ( s i n  e / U 2  , 

w h e r e  SL i s  t h e  a n g l e  b e t w e e n  t h e  
n o r m a l  t o  t h e  r e f l e c t i n g  p l a n e  a n d  
t h e  c a x i s  o f  t h e  c r y s t a l .  The c o e f -  
f i c i e n t  B, a p p l i e s  t o  t h e  s p h e r i c a l l y  
s y m m e t r i c a l  componen t  of  t e m p e r a t u r e  
v i b r a t i o n ,  w h e r e a s  B, a p p l i e s  t o  t h e  
a s y m m e t r i c  component .  S u i t a b i l i t y  o f  
s u c h  a t e m p e r a t u r e  f a c t o r  a n d  t h e  
v a l u e s  o f  B ,  a n d B z  found  imply  g r e a t e r  
m o t i o n  o f  t h e  f l u o r i n e  a t o m s  i n  t h e  
a - b p l a n e  a n d  s u g g e s t  a t o r s i o n a l  
o s c i l l a t i o n  o f  t h e  b i f l u o r i d e  i o n .  

~ 

(17)5.  A. L e l y  and J .  M .  B i j v o e t ,  “ C r y s t a l  
S t r u c t u r e  and A n i s o t r o  i c  Tern erature  Vibrat ion 
of NH,CN, ” Rec.  t r a v .  ckinr. ,  6!, 39-43 (1944). 

( ”)In terna t iona 1 Tab 1 es  for the De t e ra ina  t ion  

(16)S. W .  Peterson and H .  A. Levy, o p .  c i t .  
of C r y s t a l  S t r u c t u r e ,  o p .  c i t .  
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Table  13 

Single-Crystal Diffraction Data from KHF, - 
hk 2 

- 
110 

002 

200 

112 

211 

2 02 

220 

222 

004 

213 

114 

321 

2 04 

400 

330 

402 

224 

323 

42 0 - 

F 
EXPERIMENTAL 

1.16 

1.37 

0.93 

1.59 

3.08 

3.40 

0.29 

2.39 

3.49 

2.64 

1.10 

1.60 

0.62 

3.28 

0.53 

5. 04 

0.15 

1.48 

0.79 

F 
CALCULATED 

u = o  

1.16 

1.30 

0.96 

1.50 

3.06 

3.43 

0.10 

2.35 

3.44 

2.70 

1.05 

1.65 

0.59 

3.15 

0.44 

5.23 

0.23 

1.46 

0.73 

F 
CAIXULATED 

u t 0.02 
.~ ~ 

1.13 

1.30 

0.92 

1.52 

3.10 

3.39 

0.18 

2.27 

3.44 

2.74 

1.03 

1.76 

0.55 

3.01 

0.58 

5.10 

0.30 

1.55 

0.88 

For p u r p o s e s  o f  c a l c u l a t i o n  t h e  above  
f o r m u l a  was p u t  i n  t h e  form 

-B, ( s i n  O/A12 - B ,  (2/2c12 
e e 

T a b l e  13 l i s t s  e x p e r i m e n t a l  and  c a l -  
c u l a t e d  s t r u c t u r e  f a c t o r s  f o r  t w o  
p a r a m e t e r  v a l u e s  f o r  t h e  3 7  r e f l e c -  
t i o n s  e x a m i n e d .  I n  s p i t e  o f  t h e  
a p p a r e n t  e x c e l l e n c e  o f  t h e  a g r e e m e n t  
w i t h  a p a r a m e t e r  v a l u e  o f  zero, i t  
was  f o u n d  t h a t  t h e  p a r a m e t e r  c o u l d  
be d e t e r m i n e d  t o  a p r e c i s i o n  o f  o n l y  
k O . 0 1 .  T h i s  i s  d u e  p r i m a r i l y  t o  
b r o a d e n i n g  of t h e  p a r a m e t e r - s e n s i t i v e  

hk 2 

332 

215 

42 2 

006 

116 

334 

206 

42 4 

440 

32 5 

226 

4 42 

600 

062 

04 6 

008 

064 

550 

F 
EX PER I MENTAL 

2.70 

2.10 

1.45 

0.53 

1.21 

0.40 

2.39 

0.59 

2.56 

1.10 

1.67 

0.25 

1.80 

0 

3.32 

1.99 

1.48 

1.21 

F 
CALCULATED 

u = o  

2.64 

2.12 

1.49 

0.54 

1.19 

0.22 

2.34 

0.71 

2.62 

1.14 

1.67 

0.52 

1.75 

0.22 

3.41 

1.97 

1.49 

1.19 

F 
CALCULATED 

u = 0.02 

2.77 

2.15 

1.35 

0.54 

1.20 

0.32 

2.31 

0.83 

2.81 

1.20 

1.62 

0.69 

1.94 

0.04 

3.33 

1.97 

1.64 

1.01 

h i g h - i n d e x  r e f l e c t i o n s ,  b e c a u s e  t h e  
i n c i d e n t  r a d i a t i o n  i s  n o t  s t r i c t l y  
monochromat ic  and  r e s u l t s  i n  i n f e r i o r  
p e a k - t o - b a c k g r o u n d  r a t i o s - h e n c e ,  l e s s  
p r e c i s e  d a t a .  

Results  and Conclusions. The h y -  
d r o g e n  p a r a m e t e r  i s  d e  t e r m i n e d  b y  
t h i s  i n v e s t i g a t i o n  t o  b e  l e s s  t h a n  
0 . 0 1 ,  w h i c h  l i m i t s  t h e  d i s t a n c e  b e -  
t w e e n  p r o t o n  p o s i t i o n s  t o  l e s s  t h a n  
0 . 1 9 5  A or i n d i c a t e s  t h e  p r o t o n  t o  
b e  w i t h i n  0 . 0 9 8  A o f  t h e  c e n t e r  o f  
t h e  F - F  b o n d .  T h i s  may be  t a k e n  a s  
c o n f i r m a t i o n  o f  t h e  r e s u l t  o f  Westrurn 
a n d  P i t z e r .  The Debye t e m p e r a t u r e -  
f a c t o r  c o e f f i c i e n t s  were f o u n d  t o  be 
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.-- 

8, = 1 . 2 5 ,  B, I 3 . 0 ,  B I F  = 1 . 8 5 ,  a n d  
B,, = 1 . 0 .  T h e s e  c o r r e s p o n d  t o  r o o t -  
m e a n - s q u a r e  d i s p l a c e m e n t s  o f  0 . 1 3 ,  
0 . 2 0 ,  0 . 1 5 ,  a n d  0 . 1 1  A f o r  t h e  r e -  
s p e c t i v e  a t o m s .  The a s y m m e t r i c  t e m -  
p e r a t u r e  c o e f f i c i e n t  f o u n d  f o r  t h e  
b i f l u o r i d e  i o n  may i n d i c a t e  a n  a p -  
p r o a c h  t o w a r d  r o t a t i o n ,  a n d  i t  may 
p o s s i b l y  b e  r e l a t e d  t o  t h e  known h i g h -  
t e m p e r a t u r e  p h a s e  o f  KHF,. ( ' ) 

SINGLE-CRYSTAL NEUTRONCRYSTALLOGRAPHY 

An e m p i r i c a l  s t u d y  o f  n e u t r o n  d i f -  
f r a c t i o n  f r o m  s i n g l e  c r y s t a l s  o f  
s o d i u m  c h l o r i d e  was r e p o r t 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 . ( ' g )  T h e s e  
m e a s u r e m e n t s  i n d i c a t e d  t h a t  t h e  i n -  
t e n s i t i e s  o f  Bragg r e f l e c t i o n s  c o n -  
f o r m e d  t o  t h e  s i m p l e  i d e a l  c r y s t a l  
law ( E w / I o  = Q V )  f o r  s p e c i m e n s  s e v e r a l  
m i l l i m e t e r s  i n  d i m e n s i o n  a n d  t h u s  o f  
ample  s i z e  f o r  p r a c t i c a l  e x p e r i m e n t a l  
u s e .  T h i s  r e s u l t  i s  i n  c o n f l i c t  w i t h  
B a c o n  a n d  L o w d e ( 2 0 )  who c o n c l u d e d  
f rom t h e o r y  t h a t  b e c a u s e  o f  s e c o n d a r y  
e x t i n c t i o n  s p e c i m e n s  w o u l d  h a v e  t o  
be  k e p t  s m a l l e r  t h a n  a b o u t  0 . 1  m m  t o  
confo rm t o  t h i s  s i m p l e  law. 

T h i s  s t u d y  h a s  b e e n  e x t e n d e d  b y  
c o m p a r i n g  a f e w  s t r u c t u r e  f a c t o r s  
measu red  f rom s i n g l e - c r y s t a l  i n t e n s i -  
t i e s  o f  a number o f  s u b s t a n c e s  w i t h  
t h o s e  m e a s u r e d  f r o m  t h e  u s u a l  powder 
i n t e n s i t i e s .  A g r e e m e n t  o f  t h e  t w o  
m e t h o d s  i n d i c a t e s  c o n f o r m i t y  t o  t h e  
s i m p l e  l a w .  The r e s u l t s  a r e  p r e s e n t e d  
i n  T a b l e  1 4 .  C a l c u l a t e d  s t r u c t u r e  
f a c t o r s  w i t h o u t  t e m p e r a t u r e  c o r r e c -  
t i o n s  a r e  a l s o  l i s t e d  f o r  m o s t  o f  
t h e  c r y s t a l s .  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  a b s o r p t i o n  i n  t h e  s i n g l e  
c r y s t a l s  w e r e  e s t i m a t e d ,  t r e a t i n g  
e a c h  spec imen  a s  t h a t  c y l i n d e r  p a r a l l e l  

. 
('"E. F. Westrum and K .  W .  P i t z e r ,  o p .  c i t .  
('"H. A .  Levy aEd S .  W .  P e t e r s o n ,  "Neutron 

Dif fract ion S t u d i e s ,  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  r e s s  R e p o r t  for Per iod  Ending June 30 ,  1951, 
OFd- 11 16. 

(20)G. E .  Bacon and R .  D .  Lowde, o p .  c i t .  

t o  t h e  r o t a t i o n  a x i s  t h a t  mos t  n e a r l y  
a p p r o x i m a t e d  i t s  a c t u a l  f o r m .  T h e  
c o r r e s p o n d i n g  c o r r e c t i o n  was a p p l i e d  
t o  t h e  NaCl  d a t a  u s e d  a s  s t a n d a r d  t o  
e s t a b l i s h  t h e  a b s o l u t e  s c a l e .  T h e  
u s u a l  a b s o r p t i o n  c o r r e c t i o n s  were  
a p p l i e d  t o  t h e  p o w d e r  d a t a .  Good  
a g r e e m e n t  i s  o b t a i n e d  f o r  KC1, KBr ,  
KHF, , a n d  NH,Cl,  w h e r e a s  LiF ,  CaCO,, 
a n d  CaF, s h o w  d e v i a t i o n s  p r o b a b l y  
a s s i g n a b l e  t o  e x t i n c t i o n  i n  t h e  s i n g l e  
c r y s t a l .  T h e s e  l a s t  t h r e e  m a t e r i a l s  
a r e  known t o  c r y s t a l l i z e  w i t h  a h i g h  
d e g r e e  o f  pe r f e c t i on .  

A l s o  l i s t e d  i n  T a b l e  1 4  a r e  c a l -  
c u l a t e d  l i m i t i n g  t h i c k n e s s e s  f o r  a 
number  o f  t h e  r e f l e c t i o n s  a c c o r d i n g  
t o  B a c o n  a n d  L o w d e ' s  t h i n - c r y s t a l  
c r i t e r i o n .  The  f o r m u l a  was  a p p l i e d  
f o r  t h e  c a s e  o f  s y m m e t r i c a l  t r a n s -  
m i s s i o n  a n d  t h e  c o s i n e  o f  t h e  a n g l e  
o f  t h e  i n c i d e n t  beam w i t h  r e s p e c t  t o  
t h e  n o r m a l  t o  t h e  s u r f a c e  was t a k e n  
a s  u n i t y .  The low v a l u e  o f  5 f t  h a s  
b e e n  a s s i g n e d  t o  t h e  m o s a i c - s p r e a d  
p a r a m e t e r  f o r  a l l  s p e c i m e n s  i n  t h e  
a b s e n c e  o f  more  d e t a i l e d  k n o w l e d g e .  
T h e s e  c a l c u l a t e d  t h i c k n e s s e s  s h o u l d  
b e  r o u g h l y  a p p l i c a b l e  t o  s p e c i m e n s  
d i f f e r i n g  f r o m  p a r a l l e l  p l a t e s  i f  
compared  t o  t h e  maximum d i m e n s i o n  i n  
t h e  s e c t i o n  p a r a l l e l  t o  t h e  i n c i d e n t  
a n d  s c a t t e r e d  beams .  The  v a l u e s  o f  
t h i s  d i m e n s i o n  f o r  t h e  s p e c i m e n s  u s e d  
( a l s o  l i s t e d  i n  t h e  t a b l e )  a r e  i n  
g e n e r a l  l a r g e r  t h a n  t h e  t h i n - c r y s t a l  
l i m i t  e v e n  i n  t h o s e  c a s e s  t h a t  g a v e  
l i t t l e  o r  n o  e x t i n c t i o n .  H o w e v e r ,  
c o n s i d e r i n g  t h a t  t h e  m o s a i c  s p r e a d s  
may b e  l a r g e r  by a f a c t o r  of  t w o  o r  
t h r e e  t h a n  t h a t  a s s u m e d ,  t h i s  d o e s  
n o t  i n v a l i d a t e  t h e  t h e o r e t i c a l  c r i t e -  
r i o n  of Bacon and  Lowde, b u t  i n d i c a t e s  
t h a t  t h e y  were  u n d u l y  p e s s i m i s t i c  i n  
i t s  a p p l i c a t i o n .  I n  a n y  c a s e ,  i t  i s  
a p p a r e n t  t h a t  t h e  l i m i t i n g  t h i c k n e s s  
o f  0 . 1  m m  p o s t u l a t e d  b y  B a c o n  a n d  
Lowde d o e s  n o t  h a v e  a n y  g e n e r a l  s i g -  
n i f i c a n c e ,  and  t h a t  i n  many c a s e s  i t  
i s  p o s s i b l e  t o  u s e  c r y s t a l s  w i t h  
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2.80 ' 1 .51  
' 1.49 

~ 1 .74  
2 .45  
6 .17  

Table 14 

OBSERVED 
FROM POWDER 

SUBSTANCE INDICES 7- OBSERVED FROM 
SINGLE CRYSTAL CAU=ULATED(~)  

Comparison of  S t r u c t u r e  Factors from S i n g l e - C r y s t a l  
and Powder Measurements 

KBr 

KC1 

KHF, 

NH, C 1 
L i  F 

Ca F, 

CaCO, 

STRUCTURE FACTOR X 10' 

1 .29  
4 .04  

2 .40  
5 .04  

3 .09  

1 .27  
4 .09  

2.37 
4 . 7 1  

3.08 

1 .28  
4 .08  
2 . 5 6  
5 .36  
3 .  0 6 ( d )  

1.34  I 1.27 1 
1.63 
1 .04  
1.19 

1.57 
2 .13  
3.17 

2 .92  
1 .48  
1 .48  

1 .95  
2 .44  
6 .36  

3 .29  I 2.39 I 3 .46  

'IHIN CRYSTAL 
LIMIT( ' ) (mm ) 

1 . 6  

0.7 

2 . 3  

0 . 8  

0 . 2  

0 .4  

0 .5  

1 .7  

1 .6  

("No temperature c o r r e c t i o n  i n c l u d e d  e x c e p t  a s  n o t e d .  

("According t o  t h e  " t h i n - c r y s t a l "  c r i t e r i o n  of Bacon and Lowde. 

(''A p r o x i m a t e l y  t h e  l a r g e s t  d imens ion  o f  t h e  spec imen  i n  the s e c t i o n  normal t o  
tRe r o t a t i o n  a x i s .  

( d ) I n c  l u d e s  t emperature  f a c t o r s .  

( e ) C l e a v a g e  p l a n e .  I n d i c e s  and s t r u c t u r e  f a c t o r  based on p r i m i t i v e  rhombohedral u n i t .  

t h i c k n e s s e s  i n  t h e  m i l l i m e t e r  r a n g e  
f o r  s t r u c t u r a  1 work. 

I n  a d d i t i o n  t o  t h e  f o r e g o i n g  d a t a ,  
a l a r g e  number o f  i n t e n s i t i e s  f rom a 
s i n g l e  c r y s t a l  of KHF, a r e  r e p o r t e d  
i n  t h e  p r e c e d i n g  s e c t i o n  o f  t h i s  
r e p o r t .  T h e  e x c e l l e n t  a g r e e m e n t  
b e t w e e n  e x p e r i m e n t a l  a n d  c a l c u l a t e d  
s t r u c t u r e  f a c t o r s  f o r  t h e  c o m p l e t e  
l i s t  of r e f l e c t i o n s  examined ,  w i t h  n o  
e x t i n c t i o n  c o r r e c t i o n s ,  i s  a d d i t i o n a l  
s t r o n g  e v i d e n c e  t h a t  e x t i n c t i o n  i s  
n o t  a s e r i o u s  problem i n  many c r y s t a l  
s p e c i m e n s  o f  modera t e  s i z e .  

I t  may b e  c o n c l u d e d  t h a t  s i n g l e -  
c r y s t a l  n e u t r o n  r e f l e c t i o n s  s h o u l d  be 

u s e f u l  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 s  
i n  many c a s e s .  I n h e r e n t  a d v a n t a g e s  
of  t h e  m e t h o d  i n c l u d e  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  a n d  g r e a t l y  r e -  
d u c e d  s a m p l e  s i z e .  A c o r o l l a r y  to 
t h e  l a t t e r  f e a t u r e  is  t h a t  i n c o h e r e n t  
s c a t t e r i n g  is g r e a t l y  r e d u c e d  r e l a t i v e  
t o  t h e  i n t e n s i t y  o f  Bragg  r e f l e c t i o n s ;  
t h i s  w i l l  b e  of g r e a t  i m p o r t a n c e  i n  
c r y s t a l s  c o n t a i n i n g  hydrogen  and  w i l l  
make u n n e c e s s a r y  t h e  p r e p a r a t i o n  o f  
t h e  d e u t e r a t e d  s p e c i m e n s  u s u a l l y  r e -  
q u i r e d  i n  t h e  powder  m e t h o d .  I t  i s  
c l e a r  t h a t  many r e l a t i v e l y  c o m p l e x  
c r y s t a l s ,  i n c l u d i n g  t h o s e  c o n t a i n i n g  
s e v e r a l  h y d r o g e n  a t o m s ,  a r e  now open  
t o  a t t a c k  b y  n e u t r o n  d i f f r a c t i o n .  

1 . 9  

1 .8  

2 . 8  

2 . 0  

1.8 

c 

. 
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An a c c o u n t  o f  t h i s  w o r k  h a s  b e e n  
p u b l i s h e d .  ( ’ 
WORK IN PROGRESS 

Ammonium Chloride. P o w d e r  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 ,  a n d  
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 ,  show c l e a r l y  t h a t  
t h e  s t r u c t u r e  r e p o r t e d  r e c e n t l y  b y  
G o l d s c h m i d t  a n d  H u r s t ( 2 2 )  f o r  t h e  
r o o m - t e m p e r a t u r e  p h a s e  o f  t h i s  s u b -  
s t a n c e  i s  i n c o r r e c t .  T h e  c o r r e c t  
s t r u c t u r e  i s  a d i s o r d e r e d  one  s i m i l a r  
t o  t h a t  o f  r o o m - t e m p e r a t u r e  ammonium 
b r o m i d e . ( 2 3 )  A c o m p l e t e  a c c o u n t  o f  
t h i s  work i s  i n  p r e p a r a t i o n .  

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 r a n g e -  
m e n t s  h a v e  b e e n  made w i t h  t h e  Math -  
e m a t i c s  P a n e l  f o r  machine  c o m p u t a t i o n  
o f  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 s .  
One s u c h  i n t e g r a l ,  i n c o r p o r a t i n g  a 
c o n v e r g e n c e  f a c t o r ,  h a s  b e e n  c o m -  
p l e  t e d  t o  s u p p l e m e n t  p r e v i o u s  com-  
p u t a t i o n s  c a r r i e d  o u t  i n  H o u s t o n .  
T h i s  w o r k  w i l l  b e  d e s c r i b e d  i n  a 
l a  t e  r re por  t . 

Palladium and Platinum Oxides 
( 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 r o m  p a l l a -  
d i u m  o x i d e  a p p e a r  t o  c o n f i r m  t h e  
s t r u c t u r e  d e d u c e d  f rom X - r a y  d a t a  by 
M o o r e  a n d  P a u l i n g . ( 2 4 )  P l a t i n u m  
o x i d e  y i e l d e d  a p a t t e r n  w i t h  e x -  
t r e m e l y  b r o a d  l i n e s  t h a t  i s  q u i t e  
d i f f i c u l t  t o  i n t e r p r e t .  T r e a t m e n t  
o f  t h e  d a t a  i s  b e i n g  c o n t i n u e d  b y  
J .  Waser i n  Hous ton .  

Potassium Dihydrogen Phosphate 
( w i t h  J .  W o r s h a m ) .  S i n g l e - c r y s t a l  
d a t a  f r o m  t w o  s p e c i m e n s  o f  KH,PO, 
have  been  c o l l e c t e d .  Compar ison  w i t h  
t w o  p o w d e r  r e f l e c t i o n s  t h a t  c o u l d  
be r e s o l v e d  i n d i c a t e s  t h a t  t h e  s i n g l e  
c r y s t a l  i n t e n s i t i e s  a r e  s e v e r e l y  
r e d u c e d  by  e x t i n c t i o n .  C o n s i d e r a b l e  
improvemen t  was a c h i e v e d  by c h i l l i n g  
a s p e c i m e n  i n  l i q u i d  n i t r o g e n ;  t h i s  
p r o c e d u r e  p r e s u m a b l y  i n c r e a s e d  t h e  
m o s a i c  c h a r a c t e r  o f  t h e  s p e c i m e n .  
The i n v e s t i g a t i o n  i s  c o n t i n u i n g .  

EXPERIMENTS IN CHEMICAL KINETICS 
WITH MOLECULAR BEAMS 

S. D a t z  E .  H .  T a y l o r  

D u r i n g  t h i s  p e r i o d  some d i f f i c u l -  
t i e s  were e n c o u n t e r e d  w i t h  t h e  s u r -  
f a c e - i o n i z a t i o n  g a g e .  A f t e r  r e d e s i g n  
i t  f u n c t i o n e d  s a t i s f a c t o r i l y  i n  t e s t s  
on a beam o f  KBr. The improved  p e r -  
f o r m a n c e  o f  t h e  g a g e  r e v e a l e d  s o m e  
w e a k n e s s e s  i n  t h e  p r e s e n t  o v e r - a l l  
a r r a n g e m e n t ,  and  i t  is  b e i n g  m o d i f i e d .  
I n  t h e  mean t ime ,  e x p e r i m e n t s  a r e  g o i n g  
f o r w a r d  o n  s i m p l e r  s e p a r a t i o n  a n d  
c o u n t i n g  methods  f o r  t h e  r a d i o b r o m i n e  
o b t a i n e d  by n e u t r o n  a c t i v a t i o n .  

R A D I O  - FREQUENCY SPECTROSCOPY 
R .  L i v i n g s  t o n  

Pure Quadrupole Spectra 

P u r e  q u a d r u p o l e  s p e c t r a  s t u d i e s  
h a v e  b e e n  c o n t i n u e d  on a v a r i e t y  of  
c h l o r i n e  compounds.  The d e s i r a b i l i t y  
o f  m a k i n g  m e a s u r e m e n t s  a t  l i q u i d ,  
h y d r o g e n  (2O0K) a n d  l i q u i d - h e l i u m  
( 4 O K )  t e m p e r a t u r e s  was d i s c u s s e d  i n  (21)S. W. Peterson and H .  A .  h v y ,  ~ p .  c i t .  

(22)G. H .  Goldschmidt and D. G .  Hurs t ,  “The 
Structure, ,  of Ammonium Chlor ide  b Neutron D i f -  
f r a c t i o n ,  Phys. R e v . ,  83, 88 (19511. 

(23)H. A .  Levy and S.  W .  Peterson,  “The Nature 
of the Second-Order Transition i n  ND4Br,” Phys. 
R e v . ,  83, 1270 (1951). 

( 2 4 ) W .  J .  Moore, J r . ,  and Linus Pauling,  “The 
Crystal  Structures o f  the Tetragonaf, Monoxides of 
Lead, Tin, Palladium, and Platinum, J .  Am. Chem. 
S O C . ,  6 3 ,  1392-4 (1941). 

t h e  l a s t  q u a r t e r l y  r e p o r t .  ( 2 5  A l l  
the  l i g u i d - n i  t rogen  ( 7 7 ° K )  temperature 
o b s e r v a t i o n s  o n  t h e  c h l o r o m e t h a n e s  
h a v e  b e e n  r e p e a t e d  a t  2 O o K ,  a n d  a 

( 25 ’R. Livings ton,  Radio-Frequenc y S ec t r o s -  
c o p 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  B r o g r e s s  
Repor t  for Period Ending June 30, 1951, OFWL-1116. 
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Table 13 
Observed Frequencies  and Quadrupole Couplings for Chlor ine -35  

COMPOUND 

CH3C1 
CH2C12 
CHC1, 

cc1, 

CHF,Cl 

CF3C1 
CHFC 1 

CF,Cl, 
CFC1, 

CF2BrCl 

2 

OBSEi 

77OK 
~~ 

3 4 . 0 2 9  
35 .991  
38 .254  
38 .308  
4 0 . 4 6 *  
40 .52  
4 0 * 5 4  
4 0 . 6 1  
4 0 . 6 4  
40 .65  
4 0 . 7 2  

3 8 . 0 8 9  
3 6 . 4 7 9  
36 .508  
3 8 . 4 5 0  
39 .161  
39 .517  
3 9 . 7 0 3  
38 .342  
54 .248  

VED FREQUENCY ( m c  1 
20°K 

3 4 . 1 9 9  
36 .233  
38 .486  
38 .490  
41.139 
41 .109  
41.045 
41.022 
40 .972 
40.965 

40.895 
40 .888  
4 0 . 8 3 1  
40 .826  
40 .800  
4 0 . 7 9 4  
40 .732  
35 .249  
3 8 . 7 9 0  
36.152 
3 6 . 7 7 5  
39 .078  
39 .537  
39 .867  
40 .046  
38 .675  
54 .476**  

40.918 

40k 

34.206 
36.243 

le&l a v g .  ( m c )  
2 0 ° K  

6 8 . 4 0  
72 .47  
1 6 . 9 8  

8 1 . 8 5  

7 0 . 5 0  
7 7 . 5 8  
7 3 . 5 3  

7 8 . 1 6  
79 .63  

77 .35  
1 0 8 . 9 5  

*Fourteen, v e r y  weak, c l o s e l y  s p a c e d  l i n e s  were o b s e r v e d .  Approximate 
f r e q u e n c i e s  a r e  g i v e n  for s e v e n  of them. 

was cgmputed from t h e  quadrupole-moment r a t i o .  
a t  77 K and t h e  r a t i o  agreed  w i t h  the  p u b l i s h e d  v a l u e .  

**The c h l o r i n e - 3 7  f r e q u e n c y  was measured a t  20°K, and t h a t  for c h l o r i n e - 3 5  
B o t h  i s o t o p e s  were measured 

f e w  o b s e r v a t i o n s  were r e p e a t e d  a t  m o l e c u l a r  c h l o r i n e .  T h i s  t a b l e  a n d  
4°K. I n  a d d i t i o n  many new m e a s u r e -  a n  i n t e r p r e t a t i o n  o f  t h e  c o u p l i n g  
men t s  have  been  made. c h a n g e s  a s  o u t l 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  h a v e  been  p u b l i s h e d . ( 2 6 )  
T a b l e  15 summar izes  a l l  q u a d r u p o l e -  

(26)H. J .  E+,rl.r, “Cuprous C anide-Its  Prepara- c o u p l i n g  d a t a  now c o m p l e t e  o n  t h e  
s o l i d  s u b s t i t u t e d  m e t h a n e s  a n d  o n  t ion and Use, J .  Chen. SOC.,  79 (1943). 
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The s p i n - s y s t e m  c o u p l i n g  w i t h  l a t t i c e  
v i b r a t i o n s  i s  r e s p o n s i b l e  f o r  t h e  
f r e q u e n c y  c h a n g e  w i t h  c o o l i n g  a n d  
a l s o  t h e  r e l a x a t i o n  mechanism.  C o o l -  
i n g  f rom 77 t o  2 0 ° K  p r o d u c e s  a s m a l l  
f r e q u e n c y  ( q u a d r u p o l e  - c o u p 1  i n g )  i n  - 
c r e a s e ,  w h e r e a s  f u r t h e r  c o o l i n g  t o  
4”K, i n  t h o s e  few c a s e s  s t u d i e d ,  g i v e s  
o n l y  a m i n o r  a d d i t i o n a l  i n c r e a s e .  
A p r e l i m i n a r y  measu remen t  on CHC1, a t  
4°K g a v e  s i m i l a r  r e s u l t s .  T h i s  i n -  
d i c a t e s  t h a t  l a t t i c e  v i b r a t i o n s  a r e  
q u i t e  e f f e c t i v e l y  f r o z e n  o u t  a t  2 0 ° K .  
The s e n s i t i v i t y  o f  t h e  e q u i p m e n t  was 
n o t i c e a b l y  i m p r o v e d  i n  c o o l i n g  f r o m  
77  t o  2 0 ” K ,  d u e  t o  a more  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 ,  b u t  a t  4 ° K  t h e  s e n s i t i v i t y  
d e c r e a s e d  g r e a t l y .  P r e s u m a b l y  t h e  
i m p r o v e d  B o l t z m a n n  f a c t o r  a t  4°K i s  
more t h a n  c o m p e n s a t e d  f o r  by a n  i n -  
c r e a s e  i n  r e l a x a t i o n  t i m e ,  g i v i n g  a 
n e t  l o s s  i n  s e n s i t i v i t y .  T h i s  i s  i n  
k e e p i n g  w i t h  t h e  o b s e r v a t i o n  t h a t  
l a t t i c e  v i b r a t i o n s  a r e  q u i t e  t h o r o u g h l y  
f r o z e n  o u t  a t  4 ° K .  

C o u p l i n g  v a l u e s  f o r  c h l o r i n e ,  s p i n  
3 1 2 ,  h a v e  a l w a y s  b e e n  c o m p u t e d  b y  
m u l t i p l y i n g  t h e  o b s e r v e d  t r a n s i t i o n  
f r e q u e n c y  b y  t w o .  T h i s  i s  e x a c t  
o n l y  f o r  t h e  c a s e  o f  a n  a x i a l l y  sym- 
m e t r i c  f i e l d - g r a d i e n t  s y s t e m .  J .  
J a u c h ,  d u r i n g  h i s  s u m m e r  v i s i t  a t  
t h i s  L a b o r a t o r y ,  a n d  J .  G o l d s t e i n  
( i n d e p e n d e n t l y )  h a v e  w o r k e d  o u t  t h e  
e n e r g y  l e v e l s  f o r  a q u a d r u p o l a r  n u -  
c l e u s  i n  a n  a s y m m e t r i c  f i e l d - g r a d i e n t  
s y s t e m .  F o r  t h e  s p i n  3 / 2  c a s e  t h e  
f i n a l  e x p r e s s i o n  f o r  t h e  t r a n s i t i . o n  
e n e r g y  i s  

E E] 3 a2 
K 

9 

w i t h  a r e l a t i v e l y  m a r k e d  asymmetry  
i n  t h e  f i e l d - g r a d i e n t  s y s t e m  t h e  
e r r o r  i n t r o d u c e d  i s  s m a l l  i n  t a k i n g  
t h e  c o u p l i n g  a s  t w i c e  t h e  t r a n s i t i o n  
f r e q u e n c y .  O b s e r v a t i o n s  o n  v i n y l  
c h l o r i d e  i n  c o l l a b o r a t i o n  w i t h  J .  
G o l d s t e i n  o f  Emory U n i v e r s i t y  w i l l  
a p p e a r  a s  a L e t t e r  t o  t h e  E d i t o r  i n  
t h e  J o u r n a l  of’ Chemical  P h y s i c s .  The 
t r a n s i t i o n  f r e q u e n c y  f o r  c h l o r i n e - 3 5  
a t  77°K i s  3 3 . 4 1 4  mc a n d  a t  20°K i s  
3 3 . 6 1 3  mc. T a k i n g  t w i c e  t h e  f r e q u e n c y  
g i v e s  a c o u p l i n g  o f  a p p r o x i m a t e l y  
( - ) 6 7 m c .  The asymmetry  i n  t h e  f i e l d -  
g r a d i e n t  s y s t e m  i s  known f o r  v i n y l  
c h l o r i d e ,  f r o m  m i c r o w a v e  m e a s u r e -  
m e n t ~ , ( ’ ~ )  t o  b e  p = - 7  mc. T h i s  
w o u l d  l e a d  t o  a n  a p p a r e n t  v a l u e  o f  
( - ) 6 7 . 1  mc f o r  a. Thus  t h e  e f f e c t  o f  
a symmet ry  is i n  t h i s  c a s e  q u i t e  n e g -  
l i g i b l e .  I n  t h e  a n a l y s i s  o f  t h e  
mic rowave  d a t a  a v a l u e  of  - 6 7  k 2 mc 
w a s  o b t a i n e d  f o r  eQ@Zz b y  a s s u m i n g  
t h e  C-C1 bond i n  t h i s  a s y m m e t r i c  t o p  
m o l e c u l e  t o  be  a p r i n c i p a l  a x i s  o f  
t h e  f i e l d - g r a d i e n t  t e n s o r .  The good  
a g r e e m e n t  w i t h  t h e  p r e s e n t  v a l u e  
i n d i c a t e s  t h a t  t h e  a b o v e  a s s u m p t i o n  
i s  a r e a s o n a b l e  o n e .  The  above -men-  
t i o n e d  L e t t e r  t o  t h e  E d i t o r  w i l l  a l s o  
c o n t a i n  t h e  H a m i l t o n i a n  a n d  m a t r i x  
e l e m e n t s  needed  t o  d e t e r m i n e  t h e  e n e r g y  
l e v e l s  f o r  o t h e r  s p i n  c a s e s .  

Q u a d r u p o l e  t r a n s i t i o n s  f o r  C1F  
a n d  C l F ,  h a v e  b e e n  d e t e r m i n e d  i n  a 
c o o p e r a t i v e  e f f o r t  w i t h  D .  F . S m i t h  of 
K - 2 5 .  S p e c i a l  c e l l s  w e r e  d e v e l o p e d  
t o  w i t h s t a n d  t h e  c o r r o s i v e  a c t i o n  of 
t h e  compounds  a n d  t o  a l l o w  m e a s u r e -  
men t s  t o b e  made a t  h i g h e r  f r e q u e n c i e s  
t h a n  u s u a l l y  u s e d .  O b s e r v a t i o n s  were  
u n s u c c e s s f u l  a t  77°K b u t  w e r e  s u c -  
c e s s f u l  a t  2 0 ° K .  T h e  c h l o r i n e - 3 5  
l i n e  i n  C1F a p p e a r s  a t  7 0 . 7 0 0 0  mc. 
The c h l o r i n e - 3 7  l i n e  was a l s o  o b s e r v e d  
a t  5 5 . 7 1 2 9  mc, b u t  was s o  weak t h a t  

Fo r  a x i a l  symmetry  #Tx = @ y y ,  h e n c e ,  
,8 = 0 a n d  t h e  t r a n s i t i o n  e n e r g y  i s  
e Q $ z z / 2 .  K e e p i n g  i n  mind  t h a t  t h e  (27)J .  H. Golds te in  and J .  K .  Brag “Nuclear  

Quadrupole E f f e c t s  i n  t h e  Microwave t ’ec t rurn  of g r a d i e n t s  Obey L a p l a c e ’ s  e q u a t i o n  i t  t h e  Asymmetr ic - to  Molecu le ,  V i n y l  & l o r i d e , ”  
i s  e a s i l y  d e m o n s t r a t e d  t h a t  e v e n  P h y s .  R e v . ,  75, 1493-4 (1949) .  
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t h e  f r e q u e n c y  m e a s u r e m e n t  i s  n o t  a s  
a c c u r a t e  a s  t h a t  f o r  c h l o r i n e - 3 5 .  
N e v e r t h e l e s s ,  t h e  computed q u a d r u p o l e -  
moment r a t i o ,  1 . 2 6 9 0 1 ,  i s  i n  f a i r l y  
g o o d  a g r e e m e n t  w i t h  t h e  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  o f  1 . 2 6 8 7 8  f 0 . 0 0 0 1 5 .  
The  c h l o r i n e - 3 5  f r e q u e n c y  i n  ClF ,  i s  
i s  7 5 . 1 2 9 5  mc a n d  t h e  c h l o r i n e - 3 7  
v a l u e  i s  5 9 . 2 1 4 7  mc. Here t h e  q u a d -  
r u p o l e - m o m e n t  r a t i o ,  1 . 2 6 8 7 6 ,  i s  i n  
e x c e l l e n t  a g r e e m e n t  w i t h  t h e  a b o v e  
v a l u e .  The f u l l  w i d t h  o f  t h e  c h l o -  
r i n e - 3 5  l i n e  a t  h a l f  maximum w a s  
e s t i m a t e d  a s  7 k c .  T h e s e  s u b s t a n c e s  
s h o u l d  h a v e  t h e  h i g h e s t  q u a d r u p o l e  
c o u p l i n g s  of  a n y  known c h l o r i n e  com- 
pounds .  

S e v e r a l  a d d i t i o n a l  s t u d i e s  h a v e  
b e e n  made a t  20'K. The c h l o r i n e 0 3 5  
t r a n s i t i o n  i n  HC1 was n o t  p r e v i o u s l y  
f o u n d  a t  77"K, b u t  h a s  b e e n  f o u n d  a t  
20°K a s  a v e r y  b r o a d  l i n e  a t  2 6 . 6 9 5  f 
0 . 0 0 8  m c .  The f o u r  c h l o r i n e - 3 5  l i n e s  
i n  S i C 1 ,  a p p e a r  a t  2 0 . 3 7 0 ,  2 0 . 5 0 1 ,  
2 0 . 5 2 1 ,  and  2 0 . 5 5 2  mc. I n  AsC1, two  
l i n e s  a p p e a r  a t  25 .048  and  2 5 . 1 5 8  m c .  
A t h i r d  l i n e ,  n o t  p r e v i o u s l y  s e e n  i n  
t h e  77°K m e a s u r e m e n t s ,  a p p e a r e d  a t  
2 5 . 5 2 0  mc. The m e a s u r e m e n t s  a t  77°K 
h a v e  n o t  y e t  b e e n  r e p e a t e d  t o  c h e c k  
o n  t h e  t h i r d  l i n e .  T h e  q u a d r u p o l e  
s p e c t r a  for n i t r o g e n - 1 4  h a v e  b e e n  
s o u g h t  i n  s o l i d  NH, a n d  s o l i d  N, a t  
20°K i n  t h e  r e g i o n  of  3 mc, b u t  t h e y  
have  n o t  been  f o u n d .  I t w i l l  p r o b a b l y  
be  n e c e s s a r y  t o  improve  t h e  s p e c t r o m e -  
t e r  s e n s i t i v i t y  b e f o r e  n i t r o g e n - 1 4  
s p e c t r a  a r e  o b s e r v e d .  A l s o ,  t h e  
c h l o r i n e - 3 5  t r a n s i t i o n s  i n  CH,ClBr and  
CHBrC1,  h a v e  b e e n  u n s u c c e s s f u l l y  
s o u g h t  a t  20°K. 

A number o f  i n t e r e s t i n g  c o m p a r i s o n s  
c a n  now bemade  b e t w e e n  t h e  q u a d r u p o l e  
d a t a  d e t e r m i n e d  o n  t h e  s o l i d s  r e -  
p o r t e d  h e r e  a n d  m e a s u r e m e n t s  made 
e l s e w h e r e .  A l l  new c a s e s  o f  t h e  
d e t e r m i n a t i o n  o f  t h e  quadrupole-moment  
r a t i o  o f  c h l o r i n e - 3 5  and  c h l o r i n e - 3 7  
r e p o r t e d  h e r e  h a v e  g i v e n  v a l u e s  i n  
good  a g r e e m e n t  w i t h  t h e  e a r l i e r  r e -  

p o r t e d  v a l u e  o f  1 .26878 .  A t  t h e  time 
o f  r e p o r t i n g ,  t h i s  v a l u e ( 2 8 )  w a s  
i n  d i s a g r e e m e n t  w i t h  D e h m e l t  a n d  
K r i i g e r ' s  v a l u e  o f  1 . 2 6 6 1  d e t e r m i n e d  
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 ,  a n d  
t h e  a t o m i c  b e a m  v a l u e  o f  1 . 2 7 9 5 .  
R e c e n t l y  D e h m e l t  and  K r i i g e r ( 2 g )  h a v e  
p u b l i s h e d  a more  a c c u r a t e  v a l u e  o f  
1 .2688 w h i c h w a s  found  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 .  A l s o  t h e  a t o m i c  
beam m e a s u r e m e n t s  were r e p e a t e d ( 3 0 )  
a n d  a n  e r r o r  was f o u n d  i n  t h e  c h l o -  
r i n e - 3 5  c o u p l i n g .  The  new r a t i o  i s  
1 . 2 6 8 6  k 0 . 0 0 0 4 .  T h e r e ,  h o w e v e r ,  
r e m a i n  s e v e r a l  c a s e s  o f  d e t e r m i n a -  
t i o n s  o f  t h e  r a t i o  by t h e  m i c r o w a v e  
m e t h o d ( 3 1 )  on g a s e o u s  m o l e c u l e s  t h a t  
seem t o  d e p e n d  on t h e  n a t u r e  o f  t h e  
m o l e c u l e .  The e a r l i e r  r e p o r t e d  c o u -  
p l i n g  f o r  c h l o r i n e - 3 5  i n  s o l i d  molec- 
u l a r  c h l o r i n e  a t  77°K was  f o u n d  t o  
be  ( - 1 1 0 8 . 5  mc, a s  compared  w i t h  t h e  
o l d  a t o m i c  beam v a l u e  o f  - 1 1 0 . 4  mc. 
T h e  s t r i k i n g  s i m i l a r i t y  i n d i c a t e d  
t h a t  m o l e c u l a r  c h l o r i n e  h a s  a b o n d  
t h a t  u s e s  e s s e n t i a l l y  a p u r e  p o r b i t -  
a 1 . ( 3 2 )  The new c o u p l i n g .  f o r  C1, a t  
20"K,  g i v e n  i n  T a b l e  1 5 ,  i s  a m o r e  
s u i t a b l e  one  f o r  mak ing  t h e  c o m p a r i -  
s o n ,  s i n c e  l a t t i c e  v i b r a t i o n s  h a v e  
b e e n  m o r e  e f f e c t i v e l y  f r o z e n  o u t .  
T h i s  v a l u e ,  ( - 1 1 0 8 . 9 5  mc, i s  o n l y  
0 .7% lower  t h a n  t h e  r e m e a s u r e d  a t o m i c  
beam v a l u e  of - 1 0 9 . 7  mc. The c o u p l i n g  
i n  s o l i d  CF,C1 ( T a b l e  1 5 )  i s  0 . 6 %  

( 2 8 ) R .  L i v i n g s t o n ,  'The Quadru  o l e  Moment 
R a t i o  of C h l o r i n e - 2 5  t o  C h l o r i n e - 3 7  from Pure 
Quadrupole S p e c t r a ,  Phys .  Rev. ,  82, 289 (1951). 

('"H. G. Dehmelt and H. KrGger, "Quadrupol- 
R e s o n a n z f r e  u e n z e n  von C1- a n d  Br-Kernen  iv, 
K r  is t a  1 1 inen %ic  h 1 o r e  t h  l e n  und Me thy  1 br omide , 
2. Phys ik ,  129, 401 (1951). 

(,O)V. J a c c a r i n o  and J. G. King, "& the  R a t i o  
of t h e  Nuclear  Magnetic and E l e c t r i c  Quadrupole 
Int:,ractions of Atomic Chlor ine-35  and C h l o r i n e -  
37, Phys.  Rev. ,  83, 471 (1951). 

(31)S. Geschwind, R .  Gunther-Mohr. and C. H. 
Townes,  " R a t i o  of  . t h e  Quadr ,upole  Moments o f  
C h l o r i n e - 3 5  and  C h l o r i n e - 3 7 ,  P h y s .  R e v . ,  81 ,  
288 (1951). 

(32)R. L i v i n g s t o n ,  'The , ,Pure  Q u a d r u p o l e  
S e c t r u m  of S o l i d  C h l o r i n e ,  J. Chem. P h y s . ,  
18, 803 (1951). 
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l o w e r  t h a n  t h e  m i c r o w a v e  v a l u e . ( 3 3 )  
On t h e  o t h e r  hand, t h e  v a l u e  f o r  CH,C1 
i s  9 . 0 %  l o w e r  t h a n  t h e  m i c r o w a v e  
v a l u e  o f  75 .13  m c . ( 3 4 )  T h i s  i s  much 
l i k e  D e h m e l t  and  K r i i g e r ’ s  v a l u e s  f o r  
b romine  i n  s o l i d  CH,Br, w h i c h  i s  8 . 3 %  
l o w e r  t h a n  t h e  m i c r o w a v e  v a l u e ,  a n d  
f o r  i o d i n e  i n  C H , I ,  w h i c h  i s  9 . 3 %  
l ow.  The v a l u e  i n  CH,Cl,  ( T a b l e  
1 5 )  i s  7 . 1 %  l o w e r  t h a n  t h e  r e c e n t  
m i c r o w a v e  v a l u e  o f  - 7 8 . 0  f 2 r n ~ ( , ~ )  
T h e s e  d i f f e r e n c e s  i n  t h e  s u b s t i t u t e d  
m e t h a n e s  seem t o  b e  i n d i c a t i v e  o f  a 
c h a n g e  i n  c h a r a c t e r  o f  t h e  c a r b o n -  
h a l o g e n  bond o n g o i n g  f rom t h e  g a s e o u s  
t o  t h e  s o l i d  s t a t e .  T h e  a b o v e - r e -  
p o r t e d  f r e q u e n c y  f o r  c h l o r i n e - 3 5  i n  
C1F g i v e s  a c o u p l i n g  o f  ( - ) 1 4 1 . 4 0  mc 
w h i c h  i s  3 
wave v a l u e  

A NEW TYPE 
S O L I D S  

I n  t h e  

. l% l o w e r  t h a n  t h e  m i c r o -  
o f  - 1 4 5 . 9 9  rnc.(,’) 

OF SPECTRUM I N  CRYSTALLINE 

c o u r s e  o f  s e a r c h i n g  f o r  
q u a d r u p o l e  t r a n s i t i o n s  i n  a l a r g e  
v a r i e t y  o f  c h l o r i n e  compounds ,  a few 
s u b s t a n c e s  w e r e  f o u n d  t h a t  g a v e  a 
v e r y  c o m p l e x  new t y p e  o f  s p e c t r u m .  
T h e  i n t e r p r e t a t i o n  i s  f a r  f r o m  com- 
p l e t e ,  b u t  o f  t h e  many p o s s i b i l i t i e s  
c o n s i d e r e d  s e v e r a l  h a v e  b e e n  e x p e r i -  
m e n t a l l y  r u l e d  o u t .  G e n e r a l l y  t h e  
new s p e c t r a  c o n s i s t  o f  a v e r y  l a r g e  
n u m b e r  o f  c l o s e l y  s p a c e d  l i n e s  e x -  
t e n d i n g  i n  f r e q u e n c y  o v e r  t h e  e n t i r e  
r a n g e  o f  t h e  e q u i p m e n t .  S o  f a r  n o  

0 

J 

(33)D. K.  Cole:,and R .  H. Hughes, “Microwave 
Spectrum of CF3Cl, 

( 3 4 ) W ,  Gordy, J .  W .  Simmons, and A .  G. Smith, 
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u n i f o r m i t y  i n  t r e n d  or s t r u c t u r e  h a s  
b e e n  f o u n d  i n  t h e  s p a c i n g  o f  t h e  
l i n e s  or i n  t h e  r e l a t i v e  i n t e n s i t i e s  , 
w h i c h  v a r y  o v e r  w ide  l i m i t s .  

S e v e r a l  o b s e r v a t i o n s  i n d i c a t e d  
t h a t  t h e s e  new l i n e s  were n o t  a s -  
s o c i a t e d  w i t h  n u c l e a r  s p i n  o r i e n t a -  
t i o n s  a s  i n  t h e  c a s e  o f  t h e  p u r e  
q u a d r u p o l e  s p e c t r a .  The m o s t  d i r e c t  
e x p e r i m e n t a l  d e m o n s t r a t i o n  o f  t h i s  
was  t h e  f i n d i n g  t h a t  t h e  new l i n e s  
were i n s e n s i t i v e  t o  a n  a p p l i e d  mag- 
n e t i c  f i e l d .  On t h e  o t h e r  h a n d ,  a l l  
p u r e  q u a d r u p o l e  s p e c t r a  l i n e s  a r e  
g r e a t l y  p e r t u r b e d  by a weak m a g n e t i c  
f i e l d .  I n  t h e  p r e s e n t  e x p e r i m e n t a l  
e q u i p m e n t ,  u s i n g  s u b s t a n c e s  t h a t  a r e  
n o t  s i n g l e  c r y s t a l s ,  t h e  m a g n e t i c  
f i e l d  c a u s e s  t h e  q u a d r u p o l e  l i n e s  t o  
b r o a d e n  and d i s a p p e a r .  An e x p e r i m e n t  
c a r r i e d  o u t  o n  t h e  p u r e  q u a d r u p o l e  
s p e c t r a  l i n e s  o f  CHC1, showed a f i e l d  
o f  1 2  g a u s s  t o  b e  s u f f i c i e n t  t o  
b r o a d e n  t h e  l i n e  s o  t h a t  i t  c o u l d  n o  
l o n g e r  b e  s e e n .  Whenever q u a d r u p o l e  
l i n e s  a r e  now o b s e r v e d  t h e y  a r e  a l w a y s  
t e s t e d  by u s i n g  a magne t .  I f  a s i n g l e  
c r y s t a l  were u s e d  i n  a h o m o g e n e o u s  
m a g n e t i c  f i e l d ,  t h e  q u a d r u p o l e  l i n e s  
would d i s p l a c e  i n  f r e q u e n c y .  

The o b s e r v a t i o n s  a r e  f a r  f rom com- 
p l e t e  b u t  t h e  g e n e r a l  d e t a i l s  on e a c h  
o f  t h e  s u b s t a n c e s  s t u d i e d  a r e  s u m -  
m a r i z e d  b e l o w .  S o l i d  NH, a t  7 7 ° K  
g i v e s  e x t r e m e l y  s t r o n g  s h a r p  l i n e s  
o v e r  a l l  t u n i n g  r a n g e s  s o  f a r  s e a r c h e d .  
T h e s e  r a n g e s  a r e  2 . 6  t o  7 . 0  rnc a n d  
1 6  t o  38 m c .  A b o u t  9 0  l i n e s  w e r e  
c o u n t e d  i n  t h e  3 7 . 0 - t o  38.0-mc r a n g e ,  
wh ich  g i v e s  a n  e s t i m a t e  of  2000 l i n e s  
f o r  t h e  l 6 - t 0  3P-mc r a n g e  a l o n e .  The 
i n t e n s i t i e s  v a r i e d  o v e r  w i d e  l i m i t s  
i n  w h a t  a p p e a r e d  t o b e  a random manner .  
T h e  l i n e s  i n  s o l i d  NH, a t  7 7 ° K  a r e  
n o t  s t a b l e ,  and t h e y  g r a d u a l l y  b r o a d e n  
a n d  d i s a p p e a r .  An e x p e r i m e n t  w a s  
c a r r i e d  o u t  i n  w h i c h  t h e  s a m p l e  was  
h e l d  a t  77°K o v e r n i g h t ,  a n d  d u r i n g  
t h a t  time t h e  l i n e s  d i s a p p e a r e d .  The 
s a m p l e  was t h e n  s l o w l y  warmed t o  t h e  
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m e l t i n g  p o i n t  of  NH,.  The e x p e r i m e n t  
w i l l  have  t o b e  r e p e a t e d  w i t h  a s l o w e r  
and  more c o n t r o l l e d  t e m p e r a t u r e  c h a n g e ,  
b u t  i n  t h i s  f i r s t  c r u d e  e x p e r i m e n t  
t h e  l i n e s  s t a r t e d  t o  a p p e a r  a t  r o u g h l y  
-165"C,  d i s a p p e a r e d  a t r o u g h l y  -143"C, 
r e a p p e a r e d  a t  -138"C, f i n a l l y  b r o a d -  
e n i n g  and  d i s a p p e a r i n g  a s  t h e  m e l t i n g  
p o i n t  was a p p r o a c h e d .  The l i n e s  i n  
NH, h a v e  b e e n  o b s e r v e d  i n  t h r e e  i n -  
d e p e n d e n t  e x p e r i m e n t a l  a r r a n g e m e n t s .  

NH4C1 was o b s e r v e d  i n  t h e  g e n e r a l  
r a n g e  o f  2 1  t o  38 mc. I t  g a v e  l i n e s  
v e r y  s i m i l a r  t o  t h o s e  i n  s o l i d  NH, .  
T h e s e  l i n e s  q u i c k l y  d i s a p p e a r e d  a t  
-196°C ( 2 0  m i n ) ,  b u t  t h e y  r e a p p e a r e d  
a n d  seemed q u i t e  s t a b l e  o v e r  s e v e r a l  
h o u r s  a t  d r y  i c e  t e m p e r a t u r e  ( - 7 8 ° C ) .  
T h e y  were n o t  p r e s e n t  a t  room tem- 
p e r a t u r e .  A s a m p l e  was  c o o l e d  f r o m  
room t e m p e r a t u r e  t o  -160°C i n  a c r u d e  
e x p e r i m e n t ,  a n d  t h e  a p p e a r a n c e  a n d  
d i s a p p e a r a n c e  o f  l i n e s  w a s  n o t e d .  
L i n e s  f i r s t  a p p e a r e d  a t  -57°C. I t  is  
n o t  u n l i k e l y  t h a t  m o r e  c o n t r o l l e d  
e x p e r i m e n t s  w i l l  show t h i s  t o  be  a t  
a b o u t  - 3 l 0 C ,  t h e  l a m b d a - p o i n t  tem- 
p e r a t u r e  f o r  N H 4 C 1 .  T h e  l i n e s  d i s -  
a p p e a r e d  a t  - 1 6 0 ° C .  I t  i s  q u i t e  
p o s s i b l e  t h a t  more c a r e f u l  work  w i l l  
s how t h e  t r a n s i t i o n  a t  - 1 4 0 ° C .  A t  
t h i s  t e m p e r a t u r e  i t  h a s  b e e n  o b s e r v e d  
t h a t  t h e  p r o t o n  m a g n e t i c - r e s o n a n c e  
l i n e  w i d t h  s u d d e n l y  c h a n g e s . ( 3 8 )  
NH4C1 i s  now u n d e r  s t u d y  by n e u t r o n -  
d i f f r a c t i o n  m e t h o d s  b y  L e v y  a n d  
P e t e r s o n , a n d  i t  i s  h o p e d  t h a t  a d d i -  
t i o n a l  i n f o r m a t i o n  on t h e  s t r u c t u r e s  
a t  v a r i o u s  t e m p e r a t u r e s  w i l l  b e  
a v a i l a b l e  s o o n .  

S i m i l a r  l i n e s  h a v e  b e e n  o b s e r v e d  
i n  CF2C1, o v e r  t h e  r a n g e  2 5  t o  48 mc 
a t  20°K.  I n  t h i s  c a s e  t h e  c h l o r i n e  
q u a d r u p o l e  l i n e s  were a l s o  o b s e r v e d  
and  were n o r m a l .  

( 3 8 ) H .  S .  Gutowsky and G.  E .  Pake, "Nuclear 
Magnetism i n  S t u d i e s  of Molecular S t r y t u r e  and 
R o t a t i o n  i n  S o l i d s :  Ammonium S a l t s ,  J .  Chem.  
P h y s . ,  16, 1164-5 (1948). 
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The l i n e s  have  b e e n  s e e n  i n  SiHC1, 
o v e r  t h e  e n t i r e  r a n g e  of a b o u t  10 t o  
33 mc. A t  77°K t h e y  a r e  v e r y  b r o a d  
a n d  w e a k .  O v e r  t h e  r a n g e  of  18 to 
33 mc, 5 2 5  o f  t h e  b r o a d  l i n e s  were 
c o u n t e d .  C o o l i n g  t o  20°K c a u s e d  t h e  
l i n e s  t o  become s h a r p e r  and  s t r o n g e r ,  
a n d  a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  
number  was s e e n .  The s a m p l e  was n o t  
m a i n t a i n e d  a t  20°K l o n g  e n o u g h  t o  
see  w h e t h e r  t h e  s p e c t r u m  was s t a b l e .  

C l F ,  s h o w e d  v e r y  w e a k  l i n e s  a t  
20°K o v e r  t h e  a p p r o x i m a t e  r a n g e  o f  
59  t o  80 m c .  NH,Br d i d  n o t  show t h e  
e f f e c t .  

S o l i d  CH,C1 showed a 4 1 - l i n e  s p e c -  
t rum a t  20°K o v e r  t h e  f r e q u e n c y  r a n g e  
2 1 . 4  t o  42 mc. I t  h a s  n o t  b e e n  p o s -  
s i b l e  t o  r e p e a t  t h i s  o b s e r v a t i o n .  On 
one  o c c a s i o n  CH,C1 a t  77°K s h o w e d  a 
s i n g l e  l i n e  a t  3 5 . 0  mc. The e x p e r i -  
ment  was r e p e a t e d  s e v e r a l  t i m e s ,  b u t  
i n  n o  c a s e  was t h e  l i n e  f o u n d  a g a i n .  
Two e x p e r i m e n t s  were made on CH,C1 a t  
4°K and  i n  b o t h  c a s e s  weak l i n e s  were 
s e e n  i n  t h e  r e g i o n  o f  40 mc. I t  i s  
p o s s i b l e  t h a t  CH,C1 may s h o w  t h e  
m a n y - l i n e s  s p e c t r u m  a t  h i g h e r  tcm- 
p e r a t u r e s .  T h i s  e x p e r i m e n t  w i l l  b e  
done  s o o n .  

I n  a l l  c a s e s  t h e  l i n e s  move t o  
l o w e r  f r e q u e n c y  a s  t h e  s a m p l e  i s  
warmed. 

CALORIMETRY OF RADIOACTIVITY 

G. H .  J e n k s  

As d i s c u s s e d  i n  p r e v i o u s  q u a r t e r l y  
r e p o r t s ,  t h e  p o w e r  g e n e r a t e d  b y  a 
g i v e n  a m o u n t  o f  c a r b o n - 1 4  i s  b e i n g  
d e t e r m i n e d  i n  o r d e r  t o  e s t a b l i s h  a 
t i e - i n  b e t w e e n  t h e  h a l f - l i f e  and  t h e  
a v e r a g e  b e t a  e n e r g y  o f  t h e  c a r b o n - 1 4  
d e c a y .  T h e  d e t e r m i n a t i o n  r e q u i r e d  
measu remen t s  o n a  m i x t u r e  o f  C i40 ,  a n d  
C 1 2 0 ,  o f  t h e  h e a t  l i b e r a t e d  b y  a 
g i v e n  a m o u n t  o f  m i x t u r e  a n d  t h e  
a b u n d a n c e  o f  C i 4 0  i n  t h e  m i x t u r e .  
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T h e  t h e r m a l  m e a s u r e m e n t s  were com-  
p l e t e d  some t i m e  a g o  a n d  h a v e  b e e n  
r e p o r t e d .  ( * O T h e  c o n c e n  t r a  t i  on 
d e t e r m i n a t i o n ,  w h i c h  was c a r r i e d  o u t  
by m e a s u r i n g  t h e  d e n s i t y  o f  t h e  m i x -  
t u r e  r e l a t i v e  t o  t h a t  o f  n o r m a l  CO, 
by means o f  a s m a l l  g a s - d e n s i t y  b a l -  
a n c e ,  h a s  now b e e n  c o m p l e t e d .  T h e s e  
m e a s u r e m e n t s  a r e  d e s c r i b e d  b r i e f l y  
be  low. 

M E A S U R E M E N T  O F  T H E  C’ 0 ,  C O N C E N T R A -  
TION IN A c ~ ~ o , - c ~ ~ o ,  MIXTURE 

R e l a t i v e  d e n s i t i e s  a r e  m e a s u r e d  
w i t h  a g a s - d e n s i t y  b a l a n c e  by  compar-  
i n g  t h e  b u o y a n c y  o f  a r e f e r e n c e  g a s  
w i t h  t h e  b u o y a n c y  o f  t h e  g a s  u n d e r  
i n v e s t i g a t i o n .  T h i s  i s  u s u a l l y  a c -  
c o m p l i s h e d  by m a i n t a i n i n g  t h e  b a l a n c e  
and  s u r r o u n d i n g  g a s  a t  a g i v e n  c o n -  
s t a n t  t e m p e r a t u r e  a n d  m e a s u r i n g  t h e  
p r e s s u r e  r e q u i r e d  t o  f l o a t  t h e  b a l -  
a n c e  t o  a g i v e n  p o s i t i o n  f o r  e a c h  
g a s .  I n  t h e  p r e s e n t  c a s e  t h e  d i f -  
f e r e n c e  t o  b e  e x p e c t e d  b e t w e e n  t h e  
d e n s i t i e s  o f  t h e  g a s  m i x t u r e  and  t h a t  
o f  n o r m a l  CO, was a b o u t  1%. B e c a u s e  
o f  t h e  l i m i t e d  s i z e  o f  t h e  s a m p l e s  
( 0 . 7 6  m l  STP i n  o n e  c a s e ) ,  i t  was  
n e c e s s a r y  t o  o p e r a t e  t h e  b a l a n c e  a t  
a r e d u c e d  p r e s s u r e  o f  a b o u t  1 0 0  m m  
Hg. T h u s ,  i f  t h e  d i f f e r e n c e  i n  b a l -  
a n c i n g  p r e s s u r e s  was t o  be m e a s u r e d  
t o  w i t h i n  1%, i t  would  be  n e c e s s a r y  
t o  measure  t h e  t o t a l  p r e s s u r e  t o  0 . 0 1  
mm, a p r e c i s i o n  which would be d i f f i -  
c u l t  t o  a t t a i n .  However ,  t h e  m a i n -  
t e n a n c e  o f  a g i v e n  p r e s s u r e  t o  b e t t e r  
t h a n  t h i s  p r e c i s i o n  i s  r e a d i l y  a c -  
c o m p l i s h e d  by m e t h o d s  d e v e l o p e d  i n  
c o n n e c t i o n  w i t h  t h e  c a l o r i m e t r i c  
p r o g r a m .  ( 4 1 )  I n  v i e w  o f  t h i s ,  t h e  

b 

(39)G. H. Jenks  2nd F. H. Sweeten, ”Calor imetry 
of R a d i o a c t i v i t y ,  C h e a i s  t ry D i v i s i o n  Quar te r  l y  
Progress Repor t  for Period Ending December 31, 
1950, OWVL-1036, p. 60. 

( 4 0 ) l b i d . ,  ORNL-1053, p .  112. 
(41)C.  V. Cannon and G. H. J e n k s ,  “ A  Micro- 

ca lor imeter  Sui table , , f  or Study of E a s i l y  Absorbed 
Nuclear  R a d i a t i o n s ,  Rev.  S c r .  I n s t r u m e n t s ,  21, 
236-40 (1950). 

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

A p p a r a t u s .  The g a s - d e n s i t y  b a l a n c e  
c o n s t r u c t e d  f o r  t h e s e  m e a s u r e m e n t s  
was s i m i l a r  t o  t h e  b a l a n c e  d e s c r i b e d  
by  A s t o n . ( 4 2 )  I t  was made o f  s i l i c a  
g l a s s ,  and  was a b o u t  5 cm i n  l e n g t h  
w i t h  a b u l b  v o l u m e  o f  a b o u t  1 m l .  
T h e  s e n s i t i v i t y  o f  t h e  b a l a n c e  was  
a d j u s t e d  s o  t h a t  a c h a n g e  i n  b u o y a n t  
f o r c e  o f  4.5 x g r e s u l t e d  i n  a 
c h a n g e  o f  0 . 1  mm i n  t h e  p o s i t i o n  o f  
t h e  b a l a n c e  t i p .  

T h e  p r e s s u r e -  c on t r 01 1 i n g  d e v i c e  
was s i m i l a r  t o  t h o s e  p r e v i o u s l y  u s e d  
and  d e s c r i b e d  by t h i s  g r o u p , ( 4 3 )  b u t  
a m o d i f i c a t i o n  was made i n  t h e  method 
o f  s e n s i n g  t h e  l e v e l  o f  t h e  m e r c u r y  
co lumn.  A m e t a l l i c  p l a t e  was p l a c e d  
a b o u t  1 mm above  t h e  mercu ry  s u r f a c e ,  
a n d  t h e  c a p a c i t a n c e  b e t w e e n  t h e  two  
s u r f a c e s  was i n c l u d e d  i n  a r e s o n a n c e  
c i r c u i t .  V a r i a t i o n s  i n  t h e  l e v e l  o f  
t h e  m e r c u r y  p r o d u c e d  v a r i a t i o n s  i n  
r e s o n a n c e  f r e q u e n c y  t h a t  were d e t e c t e d  
a n d  c o n v e r t e d  i n t o  a d - c  o u t p u t  by  a 
d i s c r i m i n a t o r .  The  c o m p l e t e  s e n s i n g  
e l e m e n t  was d e s i g n e d  a n d  c o n s t r u c t e d  
by  €3. hj.  H i l d e r b r a n t  o f  t h e  I n s t r u -  
men t Depar tmen t  . 

The g a s - h a n d l i n g  s y s t e m  h a d  p r o -  
v i s i o n  f o r  i n t r o d u c i n g  s a m p l e s  of  t h e  
g a s e s  of which  t h e  b u o y a n c i e s  were t o  
be  m e a s u r e d ,  f o r  p u r i f y i n g  t h e  g a s e s  
b y  f r a c t i o n a l  d i s t i l l a t i o n ,  f o r  
m e a s u r i n g  t h e  volume o f  s a m p l e s ,  and  
f o r  s t o r a g e .  Mercury  c u t - o f f  v a l v e s  
were used  t h r o u g h o u t .  

(42)F. W. Aston, “Simple Form of Microbalance 
f o r  DetetFmining t h e  Dens i t ies  of Small Q u a n t i t i e s  
of Gas, Proc. Roy. SOC.  London, (A) 89, 439-46 
(1913). 

(43)C. V. Cannon and G. H Jenks,  op.  c i t .  
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SAMPLE NO. 

Purification of Gas Samples. The 
C ' 4 0 2 - C 1 2 0 2  m i x t u r e  f r o m  w h i c h  t h e  
s a m p l e s  f o r  t h e  g a s - d e n s i t y  m e a s u r e -  
m e n t s  were t a k e n  was p r o d u c e d  b y  
t h e r m a l  d e c o m p o s i t i o n  o f  BaCO,. P r i o r  
t o  t h e  d e c o m p o s i t i o n ,  t h e  BaCO, was 
o u t g a s s e d  a t  5 0 O O C .  T h e  max imum 
t e m p e r a t u r e  r e a c h e d  i n  t h e  d e c o m p o s i -  
t i o n  was llOO°C. Normal  CO, f o r  u s e  
a s  t h e  r e f e r e n c e  gas was p r o d u c e d  by 
decompos ing  o u t g a s s e d  NaHCO, a t  250°C. 
T h e  w a t e r  t h a t  i s  a l s o  p r o d u c e d  i n  
t h e  l a t t e r  d e c o m p o s i t i o n  was removed 
b y  p a s s i n g  t h e  g a s  a t  600-mm p r e s s u r e  
t h r o u g h  a d r y  i c e  t r a p .  

BALANCING TEMPERATURE ( O K )  

NORMAL co, 1 MIXTURE 

B e f o r e  e a c h  m e a s u r e m e n t  o f  t h e  
b u o y a n c y  f o r  a g i v e n  g a s ,  t h e  g a s  
was p u r i f i e d  by two p r o c e d u r e s :  ( 1 ) b y  
e v a c u a t i n g  a t r a p  i n w h i c h  t h e  CO, was 
f r o z e n  a t  -196"C, and  (2) by d i s t i l l i n g  
t h e  CO, f r o m  a t r a p  h e l d  a t  -150°C. 
L o w - b o i l i n g  g a s e s  s u c h  a s  a i r  a n d  CO 

were r e m o v e d  i n  s t e p  1 ,  a n d  h i g h e r  
b o i l i n g  s u b s t a n c e s  s u c h  a s  w a t e r  were 
removed i n  s t e p  2 .  M e a s u r e m e n t s  a n d  
p u r i f i c a t i o n s  o n  e a c h  g a s  were r e -  
p e a t e d  u n t i l  t h e  b u o y a n c y  of  t h e  g a s  
r e m a i n e d  c o n s  t a n  t . 

Results. Two d i f f e r e n t  s a m p l e s  o f  
t h e  C ' 4 0 , - C ' 2 0 ,  m i x t u r e  were m e a s -  
u r e d .  T h e  b a l a n c i n g  t e m p e r a t u r e s  
d e t e r m i n e d  f o r  t hese  s a m p l e s  and  f o r  
t h e  r e f e r e n c e  gas a r e  shown i n  T a b l e  
16, t o g e t h e r  w i t h  v a l u e s  f o r  p e r c e n t -  
a g e  Cl4O, c o n c e n t r a t i o n s  computed  f rom 
t h e  b a l a n c i n g  t e m p e r a t u r e s .  A d i f  - 
f e r e n c e  i n  t h e  p r e s s u r e s  a t  wh ich  t h e  
t w o  s a m p l e s  were m e a s u r e d  a c c o u n t s  
for t h e  d i f f e r e n c e  i n  b a l a n c i n g  tem- 
p e r a t u r e s  f o r  no rma l  CO,. 

A f i n a l  e v a l u a t i o n  o f  t h e  m e t h o d  
f o l l o w e d  i n  t h e  d e n s i t y  m e a s u r e m e n t  
and t h e  r e s u l t s  h a s  n o t  y e t  b e e n  made. 

Table 16 

cl40, CONCENTRATION (s6) 

1 

2 

299.875 

3 0 0 . 3 1 5  

302 .941  

3 0 3 . 3 6 5  

22.58 

2 2 . 4 4  
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RADIATION CHEM~STRY P 

, *' 
R A D I A T I O N  C H E M I S T R Y  OF A Q U E O U S  

R E A C T O R  S O L U T I O N S  

J .  A .  Ghormley  T. J .  S w o r s k i  
C.  J .  Hochanade  1 

The r a d i a t i o n  c h e m i s t r y  o f  aqueous  
u r a n y l  s u l f a t e ,  u r a n y l  f l u o r i d e ,  a n d  
o t h e r  p r o p o s e d  r e a c t o r  s o l u t i o n s  i s  
b e i n g  s t u d i e d .  I n i t i a l  y i e l d s  o f  
d e c o m p o s i t i o n  p r o d u c t s  a r e  b e i n g  
d e t e r m i n e d  f o r  s o l u t i o n s  c o n t a i n i n g  
4 0  t o  300 g U / 1  t h a t  h a v e  b e e n  i r -  
r a d i a t e d  i n  a r e a c t o r  a t  t e m p e r a t u r e s  
f rom 30 t o  150°C. 

R E D U C T I O N  OF S U L F A T E  B Y  GAMMA R A D I A T I O N  

A p r e l i m i n a r y  s t u d y  h a s  b e e n  made 
o f  t h e  f o r m a t i o n  o f  SO, f r o m  gamma- 
i r r a d i a t e d  s u l f u r i c  a c i d  a n d  u r a n y l  
s u l f a t e  s o l u t i o n s .  T h e  t e c h n i q u e  
i n v o l v e d  s w e e p i n g  a s o l u t i o n  w i t h  
h e l i u m  g a s  d u r i n g  i r r a d i a t i o n  a n d  
m e a s u r i n g  t h e  SO, f o r m e d  by c h a n g e  
i n  e x t i n c t i o n  o f  t h e  d i l u t e  c e r i c  
s u l f a t e  s o l u t i o n  t h r o u g h  w h i c h  t h e  
g a s  was b u b b l e d .  SO, was  p r o d u c e d  
i n  95% H,SO, ( a p p r o x .  18 M )  and  1 1 . 0  
M H,SO,, b u t  none  was  d e t e c t e d  f r o m  
0 . 4  M H2SO, or 1 . 2 5  U U02S0,  s o l u -  
t i o n s .  

INITIAL Y I E L D S  O F  G A S  FROM R E A C T O R -  
IRRADIATED U R A N Y L  S O L U T I O N S  

and  L i e t z k e .  The  s o l i d  u r a n y l  f l u o -  
r i d e  w a s  a H a r s h a w  p r o d u c t ,  w h i c h  
was a l s o  from W .  L. M a r s h a l l .  D i l u -  
t i o n s  were made w i t h  h i g h l y  p u r i f i e d  
w a t e r .  I r r a d i a t i o n s  were made  i n  
19-mm-OD s i l i c a  t u b e s  u s i n g  1 . 8  m l  
o f  s o l u t i o n  a n d  3 t o  4 cm3 o f  g a s  
s p a c e .  

F i g u r e s  1 2 ,  13 ,  1 4 ,  a n d  1 5  show 
p r o d u c t i o n  of H, and  0, as a f u n c t i o n  
o f  i r r a d i a t i o n  t ime.  A s m a l l  amount  
of g a s  t h a t  w a s  c o n d e n s a b l e  a t  l i q u i d -  
n i t r o g e n  t e m p e r a t u r e  was  a l w a y s  ob- 
s e r v e d .  The  amoun t  was i n d e p e n d e n t  
of d o s e  and  p r o b a b l y  r e p r e s e n t e d  CO, 
f o r m e d  f r o m  i m p u r i t i e s  p r e s e n t  i n  
s o l u t i o n .  

I n i t i a l  y i e l d s  o f  h y d r o g e n  a r e  
l i s t e d  i n  T a b l e  17. 

kri e x c e s s  of hydrogen  was p r o d u c e d ,  
a n d  f o r  e x p o s u r e s  a b o v e  1 0 0 ° C  t h i s  

1 

I n i t i a l  g a s  y i e l d s  h a v e  b e e n  o b -  
t a i n e d  f o r  s u l f a t e  s o l u t i o n s  c o n -  
t a i n i n g  n a t u r a l  u ran ium a t  c o n c e n t r a -  
t i o n s  of 4 4 . 6  and 297 g U / 1  i r r a d i a t e d  
i n  h o l e  1 2  o f  t h e  X-10  g r a p h i t e  r e -  
a c t o r  a t  3 0 ,  1 0 0 ,  and  150°C.  I n i t i a l  
g a s  y i e l d s  h a v e  a l s o  b e e n  o b t a i n e d  
f o r  u r a n y l  f l u o r i d e  s o l u t i o n s  c o n -  
t a i n i n g  4 4 . 6  and  297 g U / l  i r r a d i a t e d  
i n  t h e  r e a c t o r  a t  3 0 O C .  The  2 9 7  Q 
U / 1  u r a n y l  s u l f a t e  s o l u t i o n  was  o b -  F i g .  12. Gas P r o d u c t i o n  from Re- 
t a i n e d  from W .  L .  M a r s h a l l  a n d  h a d  a c t o r  I r r a d i a t e d  UO,SO, S o l u t i o n s  
been p r e p a r e d  by t h e  method o f M a r s h a l 1  Containing  44 .6  g u /1 .  
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mm 
DWG. 13366 0.05 I I 1 I 

MINUTES IRRADIATION (INTENSITY 1.01 COI, mC',miri') 
MINUTES IRRAO~ATION ( INTENSTY 0220 01, mT',min") 

Fig.  13. Gas Production from Re- 
a c t o r  I r r a d i a t e d  UO,SO, S o l u t i o n s  
Containing 297 .0  g U/1. 

0.05 I I 0-7 I I 

Y 0.021 - 

A 
loo' c 

I 

0 I 2 3 4 5 
MINUTES IRRADIATION ( INTENSITY 0.980 ai, mi' ,mi i ' )  

Fig .  14. Gas Production from Re- 
a c t o r  I r r a d i a t e d  U0,F2 S o l u t i o n s  
Containing 297 .0  g U/1. 

e x c e s s  became n e a r l y  c o n s t a n t  a f t e r  
a s h o r t  i r r a d i a t i o n  time. The e x c e s s  
p r o b a b l y  c o r r e s p o n d s  t o  t h e  f o r m a t i o n  
o f  a p e r o x i d e  i n  s o l u t i o n  t h a t  i s  
u n s t a b l e  a t  t e m p e r a t u r e s  a b o v e  100°C. 
The e x c e s s  h y d r o g e n  was c o n s i d e r a b l y  

F i g .  15. Gas Production from Re- 
a c t o r  I r r a d i a t e d  U 0 2 F 2  S o l u t i o n s  
Containing 4 4 . 6  g U/1. 

g r e a t e r  f o r  i r r a d i a t i o n s  a t  30°C t h a n  
a t  t h e  h i g h e r  t e m p e r a t u r e s .  A s o l u -  
t i o n  c o n t a i n i n g  4 4 . 6  g U / 1  a n d  i r -  
r a d i a t e d  f o r  1 5  min a t  30°C was t i -  
t r a t e d  w i t h  c e r i c  s u l f a t e .  The p e r o x -  
i d e  fo rmed  was a p p r o x i m a t e l y  e q u i v a -  
l e n t  t o  t h e  e x c e s s  h y d r o g e n .  A 
l i g h t - c o l o r e d  p r e c i p i t a t e ,  p r e s u m a b l y  
u r a n i u m  p e r o x i d e ,  fo rmed  i n  f l u o r i d e  
s o l u t i o n s  c o n t a i n i n g  o n l y  4 4 . 6  g 
U / 1  and  i r r a d i a t e d  i n  t h e  r e a c t o r  a t  
3 0 ° C .  N o  p r e c i p i t a t e  f o r m e d  w h e n  
s i m i l a r  s o l u t i o n s  were i r r a d i a t e d  a t  
1 0 0 ° C .  A l s o ,  n o  p r e c i p i t a t e  f o r m e d  
i n  f l u o r i d e  s o l u t i o n s  c o n t a i n i n g  297 
g U / 1  a n d  s u l f a t e  s o l u t i o n s  c o n t a i n -  
i n g  4 4 . 6  g / l  when i r r a d i a t e d  a t  30°C.  
T h e  p e r o x i d e  may be  more  s o l u b l e  a t  
t h e  l o w e r  pH's  o f  t h e s e  l a t t e r  solu- 
t i o n s .  

MEASUREMENT OF RATE OF ENERGY ABSORP- 
TION IN H 2 0  A N D  IN URANIUM SOLUTIONS 
IRRADIATED IN THE REACTOR 

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



FOR PERIOD ENDING SEPTEMBER 30,  1951 

1 

COMPOSITION 

SOLUTION 8 u/1 ~ 2 3 5 / 1  

UO2 so, 4 4 . 6  0.316 
uo, so, 297.0 2 . 1 1  
u*2 F2 297.0 2 . 1 1  
uo2 F2 44.6 0.316 

Table 1 7  

' i n i t i a l  H, 
(molecules /1OO e v )  

30°C l 0 O 0 C  lSO°C 

0.98 0 .94  0 .76  
1 . 0 1  0 .95  
1.16 0 .97  
1 .03  

b 

I 

RATE OF 
TEMP. RISE 

(OC/rnin) 

0.076 

0.201 

0.888 

l 12.8 

L 

PILE RATE OF ENERGY 
POWER ABS. IN SOLUTION 
( m e v )  (cal,rnl-' ,mw m i n - l )  

3.85 0.0202 

3.65 0.0582 

3.55 0.265 

3.80 3.55 

I 

SOLUTION "23 S 
U TEMP. DENSITY(~) 

(g/1) ( g / l )  ("C) (e/rnl) 

0.0 0.0 38 1.00 

44.6") 0.316 37 1.06 

297.0") 2.11 33 1.39 

4 2 . 3 S d )  39.44 38 1.06 

Table 18 

SOLUTION 
SPECIFIC HEAT( 

( c a 1 /g/de g 1 

1.00 

0.95 

0.73 

0.95 

Lions Irradiated i n  the 
the X - 1 0  Reactor 

(a )Data  from L i e t z k e ,  Wright, and Marsha l l  (Augus t ,  1951) 

(')Data from P r o j e c t  Handbook, V o l .  I ,  CL-697. 

( c )su 1 f a  t e s o 1 u t i on 

S u l f a t e  s o l u t i o n  assumed t o  have 
approx imate ly  the  same s p e c i f i c  h e a t  a5 n i t r a t e  s o l u t i o n .  

( d ) N i  t r  a t e  s olu t i on 

u r a n y l  s o l u t i o n s  i n  t h e  r e a c t o r ,  i t  
i s  n e c e s s a r y  t o  know t h e  t o t a l  e n e r g y  
a b s o r b e d  i n  s o l u t i o n  f rom gamma r a y s ,  
n e u t r o n s ,  and  f i s s i o n  f r a g m e n t s .  The 
r a t e s  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  
a n d  i n  s o l u t i o n s  c o n t a i n i n g  t h r e e  
c o n c e n t r a t i o n s  o f  u r a n i u m - 2 3 5  were 
m e a s u r e d  u s i n g  a n  a d i a b a t i c  c a l o r i -  
m e t r i c  m e t h o d .  The  c a l o r i m e t e r  a n d  
m e t h o d  were s i m i l a r  t o  t h o s e  u s e d  

p r e v i o u s l y  f o r  gamma r a y s .  ( l )  T h e  
r e s u l t s  a r e  l i s t e d  i n  T a b l e  18. T h e  
f i s s i o n  e n e r g y  a b s o r b e d  i n  s o l u t i o n  
was a l s o  c a l c u l a t e d  f r o m  t h e  t h e r m a l  
f l u x  d e t e r m i n e d  u s i n g  a m a n g a n e s e  
m o n i t o r .  The v a l u e  o b t a i n e d  by t h i s  

( ' ) B ,  S.  B o r i e ,  J r . ,  The C r y s t a l  S t r u c t u r e  
of U A l , ,  CRNL-810, p. 121. 
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method was 6% l o w e r  t h a n  t h e  c a l o r i m -  
e t e r  v a l u e .  

R e l a t i v e  d o s e s  r e c e i v e d  by s a m p l e s  
were c h e c k e d  by m o n i t o r i n g  t h e  gamma 
a c t i v i t y  o f  t h e  s a m p l e s  a f t e r  s e v e r a l  
d a y ’ s  c o o l i n g  t ime.  

The c a l o r i m e t r i c  v a l u e  m e a s u r e d  f o r  
t h e  e n r i c h e d  s o l u t i o n  i s  a p p r o x i -  
m a t e l y  2 5 %  b e l o w  t h a t  o b t a i n e d  b y  
e x t . r a p o l a t i o n  o f  t h e  v a l u e s  m e a s u r e d  
f o r  t h e  n a t u r a l  u r a n i u m .  s o l u t i o n s .  
T h i s  c a n  b e  a c c o u n t e d  f o r  i n  p a r t  
by s e l f - s h i e l d i n g  i n  t h e  s o l u t i o n  and 
i n  a p r e c i p i t a t e  t h a t  w a s  o b s e r v e d  
w h e n  t h e  c a l o r i m e t e r  w a s  o p e n e d .  
The v a l u e  o b t a i n e d  f o r  w a t e r  i s  c l o s e  
t o  t h a t  r e p o r t e d  b y  G h o r r n l e y , ( , )  
0 . 0 2 0  c a l ,  m l - ’ ,  mw m i n - ’ ,  a n d  t h a t  
o f  R i c h a r d s o n , ( 3 )  0 . 0 2 0 9  c a l ,  m w  
m i n - l .  

D I S C U S S I O N  

The y i e l d s  r e p o r t e d  h e r e  a r e  low 
c o m p a r e d  w i t h  t h e  r e p o r t e d ( 4 )  y i e l d s  
o f  2 to 3 m o l e c u l e s  H ,  p e r  1 0 0  e v  
f o r  a l p h a - p a r t i c l e  d e c o m p o s i t i o n  o f  
w a t e r .  I n  t h e  s o l u t i o n s  c o n t a i n i n g  
4 0  g o f  n a t u r a l  u r a n i u m  p e r  l i t e r  
only a b o u t  60% o f  t h e  e n e r g y  a b s o r b e d  
comes f r o m  f i s s i o n  r e c o i l s .  Most o f  
t h e  r e m a i n i n g  e n e r g y  a b s o r p t i o n  comes 
f r o m  f a s t  n e u t r o n s  a n d  gammas, w h i c h  
p r o b a b l y  i n d u c e  s i g n i f i c a n t  b a c k  
r e a c t i o n .  The d e c r e a s e  i n  y i e l d  w i t h  
i n c r e a s e  i n  t e m p e r a t u r e  may a l s o  r e -  
s u l t  f r o m  e n h a n c e d  b a c k  r e a c t i o n .  
T h e  a c t u a l  a m o u n t  o f  b a c k  r e a c t i o n  
o c c u r r i n g  w i l l  b e  s t u d i e d  by m e a s u r e -  
m e n t s  of  gas  y i e l d s  f rom s o l u t i o n s  i n  

( , ) J .  R .  Coe and E .  H. T a y l o r ,  R e p o r t  of t h e  
C h e m i s t r y  D i v i s i o n  or t h e  Months March, A p r i l ,  
and May 1947, MonN-lll .  

( 3 ) D .  M. Richardson,  C a l o r i m e t r i c  Measurement 
of R a d i a t i o n  Energ  D i s s i p a t e d  b V a r i o u s  Ma- 
t e r i a l s  P l a c e d  i n  t l e  Oak Ridge  P i l e ,  ORNL-129. 

( 4 ) F .  C.  Lann ing  a n d  S. C.  L i n d ,  “Chemica l  
Ac t ion  of ,$l ha P a r t i c l e s  from Radon on A ueous 
S o l u t i o n s ,  f: P h y s .  Chem., 42, 1229-47 (1918).  

w h i c h  b a c k  r e a c t i o n  h a s  b e e n  s u p -  
p r e s s e d  by a d d i t i o n  o f  b r o m i d e  i o n .  

T h e  e f f e c t  o f  r a d i a t i o n  i n t e n s i t y  
w i l l  be  s t u d i e d  u s i n g  v a r i o u s  e n r i c h -  
m e n t s  o f  u r a n i u m - 2 3 5 .  

E F F E C T  OF R A D I A T I O N  O N  
H E T E R O G E N E O U S  C A T A L Y S T S  

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

F u r t h e r  c o n f i r m a t i o n  h a s  b e e n  o b -  
t a i n e d  o f  t h e  l o s s  i n  a c t i v i t y  s u f -  
f e r e d  b y  ZnO c a t a l y s t s  i r r a d i a t e d  
w i t h  c o b a l t - 6 0  gamma r a y s .  A s a m p l e  
was i r r a d i a t e d  s e v e r a l  t imes i n  s u c -  
c e s s i o n ,  a n d  t h e  a c t i v i t y  w a s  m e a s -  
u r e d  a f t e r  e a c h  i r r a d i a t i o n ,  w i t h  t h e  
r e s u l t s  shown i n  T a b l e  19 .  

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

A c o n c l u s i v e  p r o o f  t h a t  t h e  e f f e c t  
i s  i n  t h e  c a t a l y s t  i t s e l f  r a t h e r  t h a n  
a p o i s o n i n g  by p o l y m e r i z e d  e t h y l e n e ,  
w o u l d ,  o f  c o u r s e ,  b e  t h e  i r r a d i a t i o n  
o f  a f r e s h l y  a c t i v a t e d  c a t a l y s t  ( n o t  
e x p o s e d  t o  e t h y l e n e  b e f o r e  i r r  ad i a  - 
t i o n ) ,  a n d  s u b s e q u e n t  d e m o n s t r a t i o n  
o f  a l o w e r  c a t a l y t i c  a c t i v i t y  t h a n  
t h a t  o f  a c o m p a r a b l e ,  n o n i r r a d i a t e d  
s a m p l e .  So  f a r  t h i s  h a s  b e e n  p r e -  
c l u d e d  b y  t h e  i r r e p r o d u c i b i l i t y  i n  
i n i t i a l  a c t i v i t y  i n  s u c c e s s i v e  s a m -  
p l e s  s u p p o s e d l y  i d e n t i c a l l y  a c t i v a t e d .  
A s i m i l a r  a p p r o a c h ,  w i t h  w h i c h  p r e -  
l i m i n a r y  r e s u l t s  h a v e  b e e n  o b t a i n e d ,  
u s e s  t h e  o b s e r v a t i o n  p r e v i o u s l y  r e -  
p o r t e d  t h a t  i r r a d i a t i o n  r e s t o r e s  t h e  
h e a t  s e n s i t i v i t y  t o  a s a m p l e  p r e -  
v i o u s l y  a n n e a l e d  t o  a c o n s t a n t  a c -  
t i v i t y .  T h e  p r o c e d u r e  h e r e  w a s  t o  

4 

. 
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Table 19 

b 

4 

Effect  of Irradiation upon A c t i v i t y  of  ZnO Catalysts  
toward Hydrogenation of  Ethylene 

T O T A L  T I M E  O F  F I R S T - O R D E R  R A T E  C O N S T A N T  
FOR 2H2 +- C H A T  0"  C ,  

2, l 4  
I R R A D I A T I O N  ( h r  

( A t  a b o u t  15,000 r / m i n )  h r  

0 1.55 x 

144 

238 
1218 

1.30 X 10'' 
1.07 X l o e 2  

0.78 X l o h 2  

a c t i v a t e  two s a m p l e s  s i m u l t a n e o u s l y  b e y o n d  t h e  t ime  when t h e  a c t i v i t y  
a n d  t h e n  a n n e a l  t h e m  i d e n t i c a l l y  a t  o f  t h e  o n e  b e c a m e  c o n s t a n t .  T h e  
100°C u n d e r  vacuum, c h e c k  t h e a c t i v i t y  o t h e r  s a m p l e  was t h e n  i r r a d i a t e d  a n d  
of one of t h e  s a m p l e s  o c c a s i o n a l l y  t o  t e s t e d  f o r  a c t i v i t y  d u r i n g  f u r t h e r  
m o n i t o r  t h e  p r o g r e s s  of t h e  a n n e a l i n g ,  a n n e a l i n g  a t  100°C. T h e  r e s u l t s  a r e  
a n d  c o n t i n u e  t o  a n n e a l  b o t h  w e l l  g i v e n  i n  T a b l e  20 .  

Table 20 

Effect  of Irradiation of a ZnO Catalyst upon I t s  
Suscept ib i l i ty  to  Annealing a t  1 0 0 ° C  

TREATMENT 

A c t i v a t i o n  
Anneal  o v e r n i g h t  a t  100°C 
A n n e a l  915 min more a t  100-110°C 
Anneal  995 min more a t  100-110°C 
A n n e a l  698 min more a t  100-110°C 

I r r a d i a t e  Sample  2 f o r  275 h r  a t  
a b o u t  15 ,000  r / m i n  w i t h  Co60 
gammas 

A n n e a l  15  min a t  100°C 
A n n e a l  30 min ( t o t a l )  a t  100°C 
A n n e a l  90 min ( t o t a l )  a t  100°C 
A n n e a l  180  min ( t o t a l )  a t  100°C 
Anneal  1 0 2 5  min ( t o t a l )  a t  100°C 

A f t e r  s t a n d i n g  23 d a y s  a t  a b o u t  ooc 

C A T A L Y T I C  A C T I V I T Y ,  F I R S T - O R D E R  RATE 
C O N S T A N T  FOR 2H2 -t C H, = C2H, 

A T  O°C, h r - '  

Sample  1 

1 . 6 1  x 
1 . 4 5  x 
1 . 3 3  x l o o 2  
0.89  x 
0.89 x 

0.87 x 

Sample 2 

Anne a l e d  l i k e  
Sample  1, b u t  
n o t  c o n t a c t e d  
w i t h  2H2 +- C2H, 

1 . 2 0  x 

1 . 1 5  x 
1 . 0 5  x 
1 . 0 2  x 
1.02  x 
0.90 x 
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I f  t h e  r e s u l t s  c a n  be  a c c e p t e d  a t  I t  is  hoped  t o  improve  t h e  r e p r o -  
t h e i r  f a c e  v a l u e ,  i t  i s  c l e a r  t h a t  d u c i b i l i t y  of i n i t i a l  a c t i v i t i e s  b y  
S a m p l e  2 ,  p r e s u m a b l y  b r o u g h t  t o  a a c t i v a t i o n  a t  h i g h e r  t e m p e r a t u r e s .  I f  
c o n s t a n t  a c t i v i t y  by  a n n e a l i n g  a t  t h i s  is a c h i e v e d ,  s a t i s f a c t o r y  e v i d e n c e  
100°C p r i o r  t o  i r r a d i a t i o n ,  was made a s  t o  t h e  o r i g i n  o f  t h e  e f f e c t  should 
s u s c e p t i b l e  by i r r a d i a t i o n  t o  f u r t h e r  be f o r t h c o m i n g  by e i t h e r  o f  t h e  methods  
a n n e a l i n g  a t  t h e  same t e m p e r a t u r e .  d e s c r i b e d  h e r e .  
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FOR PERIOD ENDING SEPTEMBER 3 0 ,  1951 

CHEMISTRY OF THE SOLID STATE 

HIGH-TEMPERATURE X-RAY DIFFRACTION 
SPECTROHETER 

M. A .  B r e d i g  

With  t h e  improved  g r a p h i t e  h e a t i n g  
e l e m e n t  a t e m p e r a t u r e  o f  2100°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  6 kw. T h e  h e a t  s h i e l d  a l s o  
h a s  b e e n  r e d e s i g n e d .  F u r t h e r  d e -  
v e l o p m e n t  work is n e e d e d  on t h e  s a m p l e  
s u p p o r t .  

REMOTE-CONTROL X-RAY DIFFRACTION 
SPECTROMETER 

M. A .  B r e d i g  G .  E .  K l e i n * *  
B. S. B o r i e ,  J r . +  F. A .  S h e r r i l l * *  

The m a i n  p a r t s  of t h e  i n s t r u m e n t  
h a v e  b e e n  r e c e i v e d  f r o m  t h e  r e s e a r c h  
s h o p s  and  t h e  a p p a r a t u s  i s  t e m p o r a r i l y  
s e t  u p  i n  f r o n t  o f  o n e  o f  t h e  " h o t "  
c e l l s  of  t h e  P h y s i c s  o f  S o l i d s  b u i l d -  
i n g .  The X - r a y  t u b e ,  t h e  p r o p o r t i o n a l  
c o u n t e r  t u b e  a n d  c i r c u i t s ,  a n d  t h e  
m o n o c h r o m a t o r  c r y s t a l  a r e  b e i n g  i n -  
s t a l l e d .  E x t e n s i v e  t e s t i n g  o f  a l l  
t h e s e  p a r t s  a n d  o f  t h e  c o m p l e t e  
i n s t r u m e n t  i s  t h e  n e x t  t a s k .  T h i s  

w i l l  b e  c o m p l e t e d  b e f o r e  a c t u a l  
o p e r a t i o n  i n  t h e  "hot"  c e l l .  

EFFECTS O F  RADIATION ON 
CRYSTAL STRUCTURE 

M. A .  B r e d i g  D. S. J e s s e m a n  

LEAD OXIDE 

Word h a s  b e e n  r e c e i v e d  f r o m  C h a l k  
R i v e r  t h a t  u n f o r t u n a t e l y  t h e  s e c o n d  
s e r i e s  o f  s a m p l e s  t h a t  were t o  b e  
i r r a d i a t e d  f o r  a d o s a g e  o f  f o u r  t imes 
t h a t  o f  t h e  f i r s t  s e r i e s  h a s  b e e n  
l o s t  t h e r e .  P r e p a r a t i o n s  a r e  b e i n g  
made t o  r e p e a t  t h e  t e s t ,  and t o  c h e c k  

h 

*Meta l lurgy  D i v i s i o n  
* * P h y s i c s  of S o l i d s  I n s t i t u t e  

i n  a s  many ways  a s  p o s s i b l e  t h e  t e n -  
t a t i v e  c o n c l u s i o n s  r e a c h e d  on  t h e  
b a s i s  o f  t h e  f i r s t  t e s t . ( ' )  Two 
s a m p l e s  o f  y e l l o w  o x i d e ,  o n e  of  com- 
m e r c i a l  o r i g i n ,  t h e  o t h e r  p r e p a r e d  
b y  p r e c i p i t a t i o n  on r a p i d  c o o l i n g  
f rom a h o t  s o l u t i o n  i n  1 0  N p o t a s s i u m  
h y d r o x i d e ,  a n d  o n e  s a m p l e  of t h e  r e d  
m o d i f i c a t i o n ,  p r e p a r e d  b y  b o i l i n g  
c o m m e r c i a l  o x i d e  i n  a s i m i l a r  s o l u -  
t i o n ,  a r e  b e i n g  i r r a d i a t e d  i n  t h e  
f a s t - n e u t r o n  f a c i l i t y  o f  t h e  LITH.*  
T h e  f a s t  f l u x  i s  a s s u m e d  t o  b e  a t  
p r e s e n t  a p p r o x i m a t e l y  2 0  t imes t h a t  
o f  h o l e  51 o f  t h e  X-10 g r a p h i t e  r e -  
a c t o r  w h e r e  n o  e f f e c t  h a d  b e e n  o b -  
s e r v e d  i n  3 - w e e k s  i r r a d i a t i o n ,  a n d  
i s  a b o u t  o n e - h a l f  o f  t h e  f a s t  f l u x  
o f  t h e  C h a l k  R i v e r  f a c i l i t y  w h e r e  
a n  e f f e c t  was o b t a i n e d .  

A l s o  i n c l u d e d  i n  t h i s  t e s t  a r e  
o n e  s a m p l e  e a c h  o f  t h e  c a l c i t e  a n d  
t h e  a r a g o n i t e  m o d i f i c a t i o n s  of c a l c i u m  
c a r b o n a t e  i n  powder form. A l l  s a m p l e s  
a r e  e n c l o s e d  i n  s e a l e d  p y r e x - g l a s s  
a m p u l e s .  C o o l i n g ,  i . e . ,  h e a t  t r a n s -  
f e r  t o  t h e  w a t e r - c o o l e d  a l u m i n u m -  
m e t a l  t o r p e d o  h o l d i n g  t h e  a m p u l e s ,  
is p r o v i d e d  b y  f i l l i n g  t h e  r e m a i n i n g  
s p a c e  i n  t h e  t o r p e d o  h o l e  w i t h  d i s -  
t i l l e d  w a t e r .  C r y s t a l  p h a s e  t r a n s -  
f o r m a t i o n  by p l a s t i c  d e f o r m a t i o n  i s  
known n o t  t o  o c c u r  i n  c a l c i u m  c a r -  
b o n a t e  c r y s t a l s .  T h e r e f o r e ,  i f  s u c h  
t r a n s f o r m a t i o n  d i d  o c c u r  o n  f a s t -  
n e u t r o n  b o m b a r d m e n t ,  i t  would  e i t h e r  
b e  i n  d i r e c t  c o n t r a d i c t i o n  t o  t h e  
c o n c l u s i o n s  o f  t h e  f i r s t  l e a d  o x i d e  
e x p e r i m e n t ,  or i t  w o u l d  i n d i c a t e  a n  
u n d e s i r e d  r i s e  i n  a m b i e n t  t e m p e r a t u r e  

*The cooperat ion  of T. H .  B l e w i t t  and R .  R .  
Coltman, J r . ,  of the Physics  of S o l i d s  I n s t i t u t e ,  
who d e s i  ned and operate t h i s  f a c i l i t y  is grate -  
fu 1 l y  ac #now ledged. 

("M. A .  Bredi,g, " E f f e c t s  of R a d i a t i o n  on 
Crys ta l  S truc ture ,  Chemistry D i v i s i o n  Quarterly 
Progress Report for the P e r i o d  Ending June 30, 
1951, ORNL-1116. 
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a b o v e  4OO0C, t h e  t r a n s i t i o n  t e m p e r a -  
t u r e  f o r  t h e  r e a c t i o n  a r a g o n i t e  - 
c a l c i t e ,  w h i c h  would a l s o  i n v a l i d a t e  
t h o s e  c o n c l u s i o n s .  

I n  o r d e r  t o  c h e c k  r e s u l t s  o b t a i n e d  
by  e a r l i e r  i n v e s t i g a t o r s ( 2 )  s e v e r a l  
s a m p l e s  o f  t h e  y e l l o w  a n d  r e d  f o r m s  
o f  l e a d  o x i d e  w e r e  i r r a d i a t e d  f o r  
s e v e r a l  h o u r s  ( 2  t o  2 0 )  w i t h  t h e  
u l t r a v i o l e t  l i g h t  o f  a q u a r t z  m e r c u -  
r y  l amp ,  w i t h  X r a y s  (35 k v ,  2 0  ma, 
c o p p e r  a n o d e )  a n d  w i t h  gamma r a y s .  
Wi th  X - r a y s ,  c o m m e r c i a l  y e l l o w  o x i d e  
w h i c h  h a d  shown  t h e  t r a n s f o r m a t i o n  
i n t o  t h e  r e d  fo rm i n  t h e  f i r s t  C h a l k  
R i v e r  e x p o s u r e  c h a n g e d  c o l o r  t o w a r d s  
a n  o r a n g e  b rown ,  i n  a p p a r e n t  a c c o r d -  
a n c e  w i t h  t h e  m i c r o s c o p i c  o b s e r v a t i o n s  
of  Hofman. However ,  a n  X - r a y  d i f f r a c -  
t i o n  p a t t e r n  d i d  n o t  show a n y  t r a c e  
o f  t h e  r e d  form, whereas  a p a t t e r n  of 
a spec imen  c o l o r e d  t o  a s i m i l a r  s h a d e  
by g r i n d i n g  i n  a m o r t a r  s h o w s  c o n -  
s i d e r a b l e  q u a n t i t i e s  o f  t h i s  l a t t e r  
m o d i f i c a t i o n  t o  b e  p r e s e n t  ( F i g s .  16 
a n d  1 7 ) .  T h i s  r e s u l t  c o n f i r m s  t h e  
s t a t e m e n t  made i n  t h e  p r e v i o u s  r e p o r t  
t h a t  n o  r e a l  e v i d e n c e  was a v a i l a b l e ,  
p r i o r  t o  t h e  r e c e n t  n e u t r o n  bombard-  
m e n t  f o r  t h i s  t y p e  o f  p h a s e  t r a n s -  
f o r m a t i o n  t o  o c c u r  on  i r r a d i a t i o n .  
The c o l o r  change t o  brown on i r r a d i a -  
t i o n  w i t h  X - r a y s  m u s t  b e  d u e  t o  F -  
c e n t e r  f o r m a t i o n .  I n  a d d i t i o n ,  t h e  
d i f f r a c t i o n  l i n e s  o f  m e t a l l i c  l e a d ,  
o f  minium, a n d  of a n  a d d i t i o n a l  p h a s e ,  
a s  y e t  u n i d e n t i f i e d ,  a p p e a r e d  i n  t h e  
p a t t e r n  o f  t h e  s p e c i m e n  o f  t h e  com- 
m e r c i a l  y e l l o w  o x i d e  a f t e r  i r r a d i a -  
t i o n  w i t h  u l t r a v i o l e t  l i g h t  w h i l e  
t h e  c o l o r  changed  t o  a d a r k  g r e y .  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  n o  s u c h  
c h a n g e s  were o b s e r v e d  w i t h  t h e  r e d  
form or w i t h  t h e  v a r i e t y  of  t h e  y e l l o w  
o n e  made i n  t h e  l a b o r a t o r y  a s  d e s -  
c r i b e d  a b o v e .  An e x p l a n a t i o n  o f  
t h e s e  d i f f e r e n c e s  i n  b e h a v i o r ,  p a r -  

(')J.  Hoffman, "Anderungen d e r  Bleioxyde durch 
L i c h t  and D r u c k ,  "2. a n o r g .  C h e m . ,  228, 160-8 
( 1 9 3 6 ) .  
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F i g .  16. X-ray D i f f r a c t i o n  Pattern 
of  Yellow Lead Oxide Before and After 
Exposure t o  X-ray ( 5  X 10' r ) .  

1 I I 1 1 

F i g .  17.  X-ray D i f f r a c t i o n  Pattern 
o f  Y e l l o w  Lead O x i d e  Ground i n  a 
Mortar. 

t i c u l a r l y  i n  t h e  c a s e  o f  X - r a y s ,  i s  
n o t  r e a d i l y  a t  hand .  

E x p o s u r e  o f  one r e d  and  one  y e l l o w  
l e a d  o x i d e  s a m p l e ,  t h e  l a t t e r  t h e  
l a b o r a t o r y - m a d e  v a r i e t y ,  f o r  t h r e e  
mon ths  or a t o t a l  d o s a g e  o f  a p p r o x i -  
m a t e l y  l o 9  i n  t h e  l a r g e  c o b a l t  gzmma 
s o u r c e  i n  t h e  c a n a l  a t  X-10 d i d  n o t  
p r o d u c e  a n y  c h a n g e  v i s i b l e  t o  t h e  
e y e  o r  i n  t h e  X - r a y  p a t t e r n  o f  t h e  
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y e l l o w  s p e c i m e n ,  w h e r e a s  a c h a n g e  t o  
brown w i t h o u t  c h a n g e  i n  X - r a y  p a t t e r n  
o c c u r r e d  i n  t h e  r e d  s p e c i m e n .  I f  i t  
i s  remembered  t h a t  t h e  gamma f l u x  i n  
t h e  C h a l k  R i v e r  t e s t  was p r o b a b l y  one  
h u n d r e d  t imes l a r g e r ,  i t  seems c l e a r  
t h a t  t h e  n e g a t i v e  r e s u l t  i n  t h e  c o b a l t  
s o u r c e  d o e s  n o t  p e r m i t  t h e  c o n c l u s i o n  
t h a t  gamma r a y s  d i d  n o t  p a r t i c i p a t e  
i n  t h e  t r a n s f o r m a t i o n  o f  t h e  y e l l o w  
f o r m  i n  t h e  C h a l k  R i v e r  e x p e r i m e n t .  
A n o t h e r  t e s t  w i t h  h i g h e r  g a m m a - r a y  
d o s a g e  i s  n e e d e d  t o  d e c i d e  t h i s  
q u e s t  i o n .  

ORGANIC A C I D  S A L T S  

E x a m i n a t i o n  o f  s a m p l e s  o f  s o d i u m  
b i t a r t r a t e  t e t r a h y d r a t e ,  s o d i u m  b i -  
o x a l a t e  m o n o h y d r a t e ,  a n d  a r s e n o u s  
o x i d e  t h a t  h a d  b e e n  e x p o s e d  t o  a p -  
p r o x i m a t e l y  l o 9  i n  t h e  c o b a l t  gamma- 
r a y  s o u r c e  d i d  n o t  r e v e a l  a n y  c h a n g e  
t o  t h e  e y e  o r  i n  t h e  X - r a y  p a t t e r n .  
However a c o n s i d e r a b l e  g a s  p r e s s u r e ,  
p r e s u m a b l y  o f  h y d r o g e n  a n d / o r  c a r b o n  
d i o x i d e ,  was  f o u n d  t o  h a v e  b u i l t  u p  
i n  t h e  a m p u l e ,  i n d i c a t i n g  some d e -  
c o m p o s i t i o n .  T h i s  d e c o m p o s i t i o n  was 
i n s u f f i c i e n t  t o  b r i n g  a b o u t  d e s t r u c -  
t i o n  o f  t h e  c r y s t a l  s t r u c t u r e .  

FUSED S A L T  - E X C E S S  METAL SYSTEMS 

M .  A .  B r e d i g  J .  W .  J o h n s o n  

The e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  
t h e  s o l u b i l i t y  of  a l k a l i  m e t a l s  i n  
t h e i r  f u s e d  a n d / o r  s o l i d  h a l i d e s  h a s  
b e e n  s t a r t e d .  S t a i n l e s s  s t e e l  t u b e s  
c o n t a i n i n g  s o d i u m  m e t a l  a n d  s o d i u m  
f l u o r i d e  - p o t a s s i u m  f l u o r i d e  e u t e c t i c  
( 6 0  m o l  % K F ) ,  l i t h i u m  m e t a l  a n d  
l i t h i u m  f l u o r i d e ,  a n d  s o d i u m  m e t a l  a n d  
s o d i u m  c h l o r i d e  were  h e a t e d  t o  v a r i o u s  
t e m p e r a t u r e s  f o r  v a r y i n g  p e r i o d s  of  
t i m e  a n d  t h e n  q u e n c h e d .  T h e  t u b e s  
were  c u t  o p e n  w i t h  a t u b e  c u t t e r  a n d  
t h e  s a l t  p h a s e  s e p a r a t e d  f r o m  t h e  
f r e e  m e t a l  by hand p i c k i n g .  The s a l t  

p h a s e  was a n a l y z e d  f o r  m e t a l  c o n t e n t  
by p l a c i n g  i t  i n  d i s t i l l e d  water a n d ,  
a f t e r  t h e  r e a c t i o n  c e a s e d ,  t i t r a t i n g  
t h e  s o l u t i o n  w i t h  HC1 t o  d e t e r m i n e  
t o t a l  a l k a l i n i t y .  T h i s  m e t h o d  i s  
s u b j e c t  t o  e r r o r  i f  a l k a l i  m e t a l  
o x i d e ,  h y d r o x i d e ,  or h y d r i d e ,  i n s t e a d  
o f  f r e e  m e t a l  i s  p r e s e n t ,  s i n c e  a l k a -  
l i n i t y  w i l l  b e  d e v e l o p e d  i n  t h e  water  
s o l u t i o n  i n  t h e s e  c a s e s  a l s o .  A 
s e c o n d  a l t h o u g h  m i n o r  s o u r c e  o f  e r r o r  
i n  t h e  c a s e  o f  l i t h i u m  f l u o r i d e  i s  
t h e  p o s s i b i l i t y  o f  i n c o m p l e t e  e x -  
t r a c t i o n  o f  t h e  l i t h i u m  m e t a l  d u e  t o  
t h e  r e l a t i v e  i n s o l u b i l i t y  o f  l i t h i u m  
f l u o r i d e  i n  w a t e r .  T h e s e  e r r o r s  c a n  
a n d  w i l l  b e  m i n i m i z e d  i n  f u t u r e  more 
p r e c i s e  t e s t s  by m e a s u r i n g  t h e  q u a n -  
t i t y  o f  h y d r o g e n  e v o l v e d  i n  a d d i t i o n  
t o  t h e  d e t e r m i n a t i o n  o f  t h e  a l k a -  
l i n i t y ,  b y  c o m p l e t e  a n a l y s i s  f o r  
h a l i d e  a n d  t o t a l  m e t a l  c o n t e n t s ,  a n d  
by t h e  u s e  o f  l o n g e r  e x t r a c t i o n  t imes 
f o r  L i F  mel ts .  

Some s o l u b i l i t y ,  i n  t h e  v i c i n i t y  
o f  5 a t .  %, w a s  f o u n d  i n  t h e  c a s e  o f  
l i t h i u m  a n d  l i t h i u m  f l u o r i d e  a t  tem- 
p e r a t u r e s  b e t w e e n  9 0 0  a n d  1 0 0 0 ° C .  
S o m e w h a t  i n c o n c l u s i v e  r e s u l t s  w e r e  
o b t a i n e d  w i t h  s o d i u m  and NaF-KF e u t e c -  
t i c  d u e  t o  t h e  r e p l a c e m e n t  o f  p o -  
t a s s i u m  i n  KF by s o d i u m ,  f o r m a t i o n  o f  
a s o d i u m - p o t a s s i u m  a l l o y ,  a n d  f o r m a -  
t i o n  o f  a N a F - e n r i c h e d  f l u o r i d e  p h a s e  
t h a t  w a s  n o t  l i q u i d  a t  t h e  t e m p e r a -  
t u r e  o f  t h e  e x p e r i m e n t .  S o l u b i l i t y  
o f  s o d i u m  i n  s o d i u m  c h l o r i d e  was f o u n d  
t o  be 4 a t .  % a t  850°C,  i n  d i s a g r e e -  
m e n t  w i t h  t h e  f i n d i n g s  o f  p r e v i o u s  
i n v e s t i g a t o r s  who o b t a i n e d  a f i g u r e  
o f  15 a t .  %.(3) 

I m p r o v e m e n t s  i n  a p p a r a t u s  a n d  
m e t h o d s  a r e  now b e i n g  m a d e  i n  a n  
e f f o r t  t o  o b t a i n  more p r e c i s e  r e s u l t s .  

( 3 ) R .  Lorenz and R .  Winzer ,  “ D i e  L Z s l i c h k e i t  
von Nat r ium und Cp,lcium i n  i h r e n  C h l o r i d e n  und 
C h l o r i d g e m i s c h e n ,  2. a n o r g .  Chern., 183, 121-6 
(1929). 
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MISCELLANEOUS X-RAY DIFFRACTION WORK i d e n t i f i c a t i o n  work, problems o r i g i -  
n a t i n g  i n  t h e  Chemis try  and C h e m i c a l  

M. A .  B r e d i g  R .  D .  E l l i s o n  T e c h n o l o g y  D i v i s i o n s  were  h a n d l e d .  
These  p r o b l e m s  c o n s i s t e d  m a i n l y  of 
i d e n t i f i c a t i o n  of  uranium and P l u t o -  

P r i m a r i l y  t o  r e l i e v e  t h e  X - r a y  nium compounds used  i n c o n n e c t i o n  w i t h  
g r o u p  o f  t h e  M e t a l l u r g y  D i v i s i o n  t h e  d e v e l o p m e n t  o f  a h o m o g e n e o u s  
of  p a r t  o f  t h e i r  e x c e s s i v e  burden of r e a c t o r .  
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SCINTILLATION COUNTER WITH HIGH 
GAMMA-COUNTING EFFICIENCY 

C.  J .  B o r k o w s k i  

F u l l  e x p l o i t a t i o n  o f  t h e  h i g h  
i n t r i n s i c  e f f i c i e n c y  o f  s c i n t i l l a  t i o n  
c o u n t e r s  f o r  t h e  d e t e c t i o n  o f  gamma 
r a y s  r e q u i r e s  t h a t  a c r y s t a l  m u s t  be  
u s e d  t h a t  h a s  a h i g h  d e n s i t y ,  p r e f e r -  
a b l y  a h i g h  a t o m i c  n u m b e r ,  a l a r g e  
l i g h t  o u t p u t  p e r  u n i t  g a m m a - e n e r g y  
l o s s  i n  t h e  c r y s t a l ,  and good o p t i c a l  
p r o p e r t i e s .  A t  p r e s e n t  o n l y  s o d i u m  
i o d i d e  a c t i v a t e d  w i t h  t h a l l i u m  i o d i d e  
meets t h e s e  r e q u i r e m e n t s .  M e a s u r e -  
ments  made on s e v e r a l  t y p e - 5 8 1 9  p h o t o  
m u l t i p l i e r s  a n d  s o d i u m  i o d i d e  c r y s t a l s  
i n d i c a t e  t h a t  a b o u t  4 0 0  e v  gamma- 
e n e r g y  l o s s  i n  t h e  c r y s t a l  i s  r e q u i r e d  
t o  r e l e a s e  a s i n g l e  p h o t o e l e c t r o n  
f r o m  t h e  p h o t o c a t h o d e .  S i n c e  t h e  
n u m b e r  o f  d a r k  c u r r e n t  p u l s e s  i s  
p r a c t i c a l l y  z e r o  a t  a b i a s  s e t t i n g  
c o r r e s p o n d i n g  t o  t e n  p h o t o e l e c t r o n s ,  
a t  t h i s  b i a s  a l l  C o m p t o n  e l e c t r o n s  
a n d  p h o t o e l e c t r o n s  a r e  c o u n t e d  t h a t  
e x c e e d  a n  e n e r g y  o f  4 k e v .  T h e  
number  o f  p u l s e s  c o r r e s p o n d i n g  t o  4 
k e v  or l e s s  i s  s m a l l ,  s o  a p l a t e a u  
or a t  l e a s t  a r e g i o n  o f  minimum s l o p e  
s h o u l d  b e  o b s e r v e d  i n  a n  i n t e g r a l  
b i a s  c u r v e .  F i g u r e  18 shows t h e  p l o t  
o f  t h e  c o u n t i n g  r a t e  a s  a f u n c t i o n  
o f  t h e  p h o t o m u l t i p l i e r  v o l t a g e  f o r  
v a r i o u s  e n e r g y  gamma r a y s  u s i n g  a 
s o d i u m  i o d i d e  c r y s t a l  1% i n .  i n  d i -  
a m e t e r  a n d  2 i n .  l o n g .  A t  a v o l t a g e  
c o r r e s p o n d i n g  t o  a b i a s  o f  2 0  k e v  
t h e  c o u n t i n g  r a t e  i s  r a t h e r  i n s e n s i -  
t i v e  t o  p h o t o m u l t i p l i e r  v o l t a g e  v a r i -  
a t i o n s  o f  t h e  o r d e r  of  a few p e r  c e n t .  
T h u s  r e p r o d u c i b l e  c o u n t i n g  c a n  b e  
d o n e  o v e r  l o n g  p e r i o d s  o f  time. 

DESCRIPTION OF SCINTILLATION COUNTER 

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

Fig. 18. Counting-Rate Voltage 
Plateau for the High-Efficiency Gamma 
Sc i n  ti 1 1 a ti on Coun te r . 
t i v i t y  s h o u l d  b e  made by gamma c o u n t -  
i n g  o f  l i q u i d  or s o l i d  s a m p l e s .  The  
c o u n t e r  d e s i g n e d  f o r  t h i s  p u r p o s e  
( F i g .  1 9 )  i s  s i m i l a r  i n  p r i n c i p l e  t o  
t h e  c a l c i u m  f l u o r i d e  c o u n t e r  d e s -  
c r i b e d  i n  ORNL-607.(') T h e  s o d i u m  
i o d i d e  c r y s t a l  i s  1% i n .  i n  d i a m e t e r  
a n d  2 i n .  l o n g  a n d  h a s  a c o n c e n t r i c  
5 / 8 - i n .  h o l e  1% i n .  d e e p  d r i l l e d  i n  
i t .  T h e  e n d  o f  t h e  c r y s t a l  i s  ma- 
c h i n e d  t o  f i t  t h e  c u r v a t u r e  o f  t h e  
p h o t o c a t h o d e  o f  t h e  t y p e - 5 8 1 9  p h o t o -  
m u l t i p l i e r .  S i l i c o n e  h i g h - v a c u u m  
g r e a s e  i s  u s e d  t o  o p t i c a l l y  c o u p l e  
t h e  c r y s t a l  t o  t h e  p h o t o m u l t i p l i e r .  
P o w d e r e d  m a g n e s i u m  o x i d e  i s  u s e d  a s  
a r e f l e c t o r  f o r  a l l  s i d e s  o f  t h e  
c r y s t a l .  An a l u m i n u m  h o u s i n g  f i t s  
o v e r  t h e  c r y s t a l  a n d  t h e  p h o t o m u l t i -  
p l i e r ,  a n d  i s  h e r m e t i c a l l y  s e a l e d  t o  
t h e  g l a s s  e n v e l o p e  w i t h  A p i e z o n  Q.  
A b r a s s  or s t a i n l e s s  s t e e l  c a n  i s  
s l i p p e d  o v e r  t h e  a luminum h o u s i n g  t o  

('h. S .  Stone and C. J .  Borkowski,, "Calcium 
Chemis t ry  

P r o g r e s s  R e p o r t  for P e r i o d  
Fluoride a s  a S c i n t i l l a t i o n  Counter,  
Division Q u a r t e r 1  
Ending Decenber  31 ,  1949,  ORNL-607, p .  168. 

8 3  



CHEMISTRY DIVISION QUARTERLY PROGRESS REPORT 

0.7 

0.6 

0.5 

0.4 

0.3 

F i g .  19. Scintillation Counter. 
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p r e v e n t  c o n t a m i n a t i o n  of  t h e  a s s e m b l y  
i f  a s a m p l e  i s  s p i l l e d .  To p r e v e n t  
t h e  c o n t a m i n a t i o n  o f  t h e  h o l e  by t e s t  
t u b e s  t h a t  h a v e  e x t e r n a l  c o n t a m i n a t i o n ,  
a n  aluminum f o i l  l i n e r  o r  p l a s t i c  i n -  
s e r t  i s u s e d .  Two-ml g l a s s  t e s t  t u b e s  
a r e  u s e d  f o r  s a m p l e  c o n t a i n e r s .  The 
p h o t o m u l t i p l i e r  i s  c o n n e c t e d  t o  a 
n o n o v e r l o a d i n g  a m p l i f i e r  w i t h  10-mv 
i n p u t  s e n s i t i v i t y  a n d  0 . 3 - p s e c  r i s e  
t i m e .  A p o s i t i v e  h i g h - v o l t a g e  s u p p l y  
i s  o b t a i n e d  f r o m  a s t a n d a r d  G-M s c a l e  
o f  64 .  

F i g u r e  2 0  shows t h e  gamma e f f i c i e n c y  
o f  t h i s  c o u n t e r  a s  a f u n c t i o n  o f  

O . 1  0.1 

I .- i 

I 
Na2' 

0 0.5 1.0 1.5 2.0 
y ENERGY ( M W )  

Fig. 20. Gamma Efficiency of N a I -  
L i I  Scintillation Counter. 

e n e r g y .  I t  c a n  b e  s e e n  t h a t  t h e  
g a m m a - c o u n t i n g  y i e l d  i s  a s  h i g h  or 
h i g h e r  t h a n  c onven  t i  o n a l  b e  t a - c  o u n t  i n g  
y i e l d s  u s i n g  end-window G-M c o u n t e r s .  
I f  two gammas p e r  d i s i n t e g r a t i o n  a r e  
e m i t t e d ,  e .  g . ,  a s  i n  c o b a l t - 6 0 ,  t h e  
c o u n t i n g  y i e l d  i s  n o t  d o u b l e d  b e c a u s e  
b o t h  gammas a r e  s i m u l t a n e o u s l y  a b -  
s o r b e d  i n  t h e  c r y s t a l  a n d  o n l y  o n e  
p u l s e  i s  o b t a i n e d .  T h u s ,  i f  t h e  
e f f i c i e n c y  f o r  o n e  gamma i s  20%, 
t h e  c o m b i n e d  e f f i c i e n c y  i s  0 . 2  + 0 . 2  
- ( 0 . 2  x 0 .21 ,  or 36%. 

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

a 

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

Some e n e r g y  d i s c r i m i n a t i o n  is p o s -  
s i b l e  w i t h  t h i s  c o u n t e r  a s  c a n  b e  
s e e n  f rom F i g .  18 .  By a d j u s t i n g  t h e  
p h o t o m u l t i p l i e r  v o l t a g e  t o  1 0 3 0  v ,  
n o  g a m m a s  b e l o w  0 . 4  mev w i l l  b e  
c o u n t e d ,  a n d  y e t  80% o f  a 0 . 6 7 - m e v  
gamma w i l l  b e  c o u n t e d .  T h e  e n e r g y  
r e s o l u t i o n  of  t h e  c r y s t a l  i s  i m p a i r e d  
by  t h e  c o n c e n t r i c  h o l e .  F o r  e x a m p l e ,  
t h e  c r y s t a l  b e f o r e  t h e  h o l e  was d r i l l e d  
i n  i t  g a v e  a 9 .0% f u l l  w i d t h  a t  o n e -  
h a l f  maximum f o r  a 0 . 6 7 - m e v  gamma 
r a y .  A f t e r  d r i l l i n g  t h e  h o l e  t h e  
w i d t h  i n c r e a s e d  t o  15%. 

W i t h  2 i n .  of l e a d  s h i e l d i n g  t h e  
background  a t 2 0 k v  b i a s  i s  200 c /min .  

METHOD FOR DETERMINING THE DEAD TIME 
OF A N  AMPLIFIER OR SCALER 

E .  F a i r s t e i n  

The d e a d  t ime of a c o u n t i n g  s y s t e m  
i s  u s u a l l y  d e t e r m i n e d  (1)  b y  t h e  
p a i r e d - s a m p l e  t e c h n i q u e  o r  ( 2 )  w i t h  
a d o u b l e - p u l s e  g e n e r a t o r .  

I n  t h e  f i r s t  m e t h o d  t h e  s a m p l e s  
a r e  c o u n t e d  s e p a r a t e l y  a n d  t h e n  t o -  
g e t h e r .  B e c a u s e  o f  l o s s e s  i n  t h e  
s y s t e m ,  t h e  r e c o r d e d  c o u n t i n g  r a t e  
of t h e  s a m p l e s  t o g e t h e r  w i l l  be  lower 
t h a n  t h e  sum o f  t h e  i n d i v i d u a l  c o u n t s .  
The  r e s o l v i n g  time c a n  be c a l c u l a t e d  
f rom t h i s  d i f f e r e n c e .  

I n  p r a c t i c e  t h e  method i s  a l e n g t h y  
o n e .  T h e  r e a s o n  w i l l  be a p p a r e n t  
f rom t h e  f o l l o w i n g  n u m e r i c a l  e x a m p l e .  

T h e  r e s o l v i n g  t i m e  of a p r o p o r -  
t i o n a l  c o u n t e r  i s  t o  be d e t e r m i n e d .  
I t  i s  known t h a t  t h e  r e s o l v i n g  t ime 
i s  i n  t h e  n e i g h b o r h o o d  o f  6 p s e c .  
Two s a m p l e s  a r e  a v a i l a b l e  f o r  t h e  
t e s t ,  e a c h  of which  e x h i b i t s  a c o u n t -  
i n g  r a t e  of  1000  c / s e c .  

Under  t h e s e  c o n d i t i o n s ,  i t  c a n  be 
shown t h a t  t h e  d i f f e r e n c e  c o u n t  w i l l  
b e  a p p r o x i m a t e l y  1 2  c / s e c .  I f  t h i s  
n u m b e r  i s  t o  b e  d e t e r m i n e d  t o  a n  
a c c u r a c y  s u c h  t h a t  t h e  s t a n d a r d  d e v i a -  
t i o n  i s  n o t  t o  e x c e e d  l o % ,  or 1 . 2  
c / s e c ,  i t  w i l l  be  n e c e s s a r y  t o  d e -  
t e r m i n e  e a c h  o f  t h e  s e p a r a t e  c o u n t s  
t o  a n  a c c u r a c y  s u c h  t h a t  t h e  s t a n d a r d  
d e v i a t i o n  f o r  e a c h  o f  t hem d o e s  n o t  
e x c e e d  0 . 4  c / s e c .  T h i s  f i g u r e  i n -  
d i c a t e s  t h a t  6 x l o 6  c o u n t s  m u s t  be  
a c c u m u l a t e d  f o r  e a c h  r e a d i n g  or a 
t o t a l  expended  time o f  o v e r  4 h r .  

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

I n  t h e  s e c o n d  o f  t h e  two m e t h o d s ,  
a s i g n a l  is  s u p p l i e d  t o  t h e  e q u i p m e n t  
u n d e r  t e s t  f r o m  a p u l s e  g e n e r a t o r  
w h o s e  o u t p u t  c o n s i s t s  o f  a d o u b l e  
p u l s e .  The time i n t e r v a l  be tween  t h e  
two  p u l s e s  c a n  be  v a r i e d  by  a c a l i -  
b r a t e d  c o n t r o l .  As t h e  s p a c i n g  i s  
i n c r e a s e d  f r o m  z e r o ,  a p o i n t  w i l l  
be  r e a c h e d  where  t h e  r e c o r d e d  c o u n t -  
i n g  r a t e  d o u b l e s .  T h e  s p a c i n g  b e -  
tween  t h e  p u l s e s  a t  t h i s  p o i n t  r e p r e -  
s e n t s  t h e  r e s o l v i n g  t ime.  

T h i s  t e s t  t e l l s  n o t h i n g  a b o u t  t h e  
r e s o l v i n g  t ime o f  t h e  c o u n t i n g  t u b e  
or chamber ,  b u t  w i l l  g i v e  i n f o r m a t i o n  
a b o u t  e a c h  o f  t h e  e l e c t r o n i c  com-  
p o n e n t s  o f  t h e  c o u n t i n g  s y s t e m .  Even  
t h i s  i n f o r m a t i o n  i s  of l i m i t e d  v a l u e ,  
however ,  b e c a u s e  o f t e n  s i g n a l s  o c c u r -  
r i n g  a t  a r a n d o m  r a t e  c a u s e  d i f f i -  
c u l t i e s  t h a t  a r e  n o t  d e t e c t e d  b y  
t e s t s  w i t h  s i g n a l s  o c c u r r i n g  a t  a 
u n i f o r m  r a t e .  

DESCRIPTION OF THE NEW METHOD 

T h e  m e t h o d  i s  b e s t  d e s c r i b e d  by  
r e f e r r i n g  t o  F i g .  2 1 .  T h e  o u t p u t  
o f  a p u l s e  g e n e r a t o r  a n d  a r a n d o m -  
s i g n a l  s o u r c e  a r e  b o t h  a p p l i e d  t o  
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Fig. 21. Block Diagram of  Resolv- 
ing-Time Determination Technique. 

t h e  u n i t  u n d e r  t e s t .  T h e  r a n d o m -  
s i g n a l  s o u r c e  may b e  t h e  c h a m b e r  or 
o t h e r  d e t e c t o r  n o r m a l l y  u s e d  w i t h  
t h e  i n s t r u m e n t .  The o u t p u t  f r o m  t h e  
i n s t r u m e n t  is a p p l i e d  t o  one  c h a n n e l  
o f  a c o i n c i d e n c e  c i r c u i t .  The o t h e r  
c h a n n e l  i s  s u p p l i e d  f r o m  t h e  p u l s e  
g e n e r a t q r  r e f e r r e d  t o  a b o v e  w i t h  a 
t i m e  d e l a y  w h i c h  m a t c h e s  t h e  t i m e  
d e l a y  o f  t h e  u n i t  u n d e r  t e s t .  

I t  i s  n e c e s s a r y  t h a t  t h e  c o i n c i -  
d e n c e  c i r c u i t  h a v e  a r e s o l v i n g  time 
s h o r t e r  t h a n  t h e  u n i t  t o  b e  t e s t e d .  

I t  i s  e v i d e n t  t h a t  i f  n o  s i g n a l s  
a r e  c o m i n g  f r o m  t h e  r a n d o m  s o u r c e ,  
e v e r y  p u l s e  f r o m  t h e  p u l s e  g e n e r a t o r  
w i l l  be r e c o r d e d  by t h e  o u t p u t  s c a l e r .  
I f  t h e  c o u n t i n g  r a t e  f r o m  t h e  random 
s o u r c e  i s  t h e n  made h i g h ,  i t  w i l l  be  
o b s e r v e d  t h a t  t h e  r e c o r d e d  c o u n t i n g  
r a t e  d e c r e a s e s .  T h e  d e c r e a s e  i s  
c a u s e d  b y  s o m e  o f  t h e  p u l s e s  f r o m  
t h e  r a n d o m  s o u r c e  p r e c e d i n g  p u l s e s  
f rom t h e  g e n e r a t o r  by a t i m e  i n t e r v a l  
e q u a l  t o  or l e s s  t h a n  t h e  r e s o l v i n g  
t i m e .  T h e s e  p u l s e s  c a u s e  t h e  t e s t  
u n i t  t o  be p a r a l y z e d  d u r i n g  t h e  i n -  
t e r v a l  t h a t  a p u l s e  f r o m  t h e  g e n e r a t o r  
c a n  a c t i v a t e  t h e  c o i n c i d e n c e  c i r c u i t .  
I t  c a n  b e  s h o w n  t h a t  i f  t h e  c o i n c i -  
d e n c e  c i r c u i t  h a s  a s u f f i c i e n t l y  
s h o r t  r e s o l v i n g  t i m e ,  t h e  f r a c t i o n a l  
l o s s  i n  c o u n t i n g  r a t e  o b t a i n e d  b y  
t h i s  m e t h o d  i s  n u m e r i c a l l y  e q u a l  t o  
t h e  f r a c t i o n a l  c o u n t i n g - r a t e  l o s s  t h e  
u n i t  w o u l d  e x h i b i t  i f  a c t e d  u p o n  by 
t h e  random s o u r c e  o n l y .  

The main a d v a n t a g e s  o f  t h i s  method 
o v e r  t h e  p r e v i o u s l y  d e s c r i b e d  m e t h o d s  
a r e  t h a t  e v e r y  p a r t  o f  t h e  s y s t e m ,  
e x c e p t  t h e  d e t e c t o r ,  c a n  b e  t e s t e d  
u n d e r  a c  t u a  1 c o u n t i n g  c o n d i  t i  o n s  , 
a n d  t h e  t ime n e c e s s a r y  f o r  t h e  t e s t  
i s  c o n s i d e r a b l y  l e s s  t h a n  f o r  t h e  
p a i r e d - s a m p l e  t e c h n i q u e .  I t s  g r e a t e s t  
d i s a d v a n t a g e  i s  t h a t  t h e  d e t e c t o r  
i t s e l f  c a n n o t  be t e s t e d .  

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

The  s a m e  u n i t  i s  t o  b e  t e s t e d  a s  
i n  t h e  p r e v i o u s  c a s e .  One  o f  t h e  
l O O O - c / s e c  s a m p l e s  w i l l  b e  u s e d  a s  
t h e  r a n d o m  s o u r c e ,  a n d  a 6 0 - c / s e c  
p u l s e  g e n e r a t o r  w i l l  b e  u s e d .  

From t h e  a p p r o x i m a t e l y  known d e a d  
t ime,  i t  i s  known t h a t  a p p r o x i m a t e l y  
0 .012  p a r t s  o f  t h e  g e n e r a t o r  p u l s e s  
or 0 . 7 2  c / s e c  w i l l  b e  l o s t .  T h e s e  
p u l s e s  w i l l  b e  l o s t  a t  a random r a t e .  
I f  t h e  s t a n d a r d  d e v i a t i o n  i s  n o t  t o  
e x c e e d  l o % ,  a s  i n  t h e  p r e v i o u s  c a s e ,  
i t  w i l l  b e  n e c e s s a r y  t o  " a c c u m u l a t e "  
1 0 0  l o s t  c o u n t s .  T h i s  w i l l  t a k e  less  
t h a n  3 min.  The c o u n t i n g  r a t e  o f  t h e  
random s o u r c e  c a n  be  d e t e r m i n e d  t o  a n  
a c c u r a c y  o f  1% i n  1 0  s e c .  A l l  t h e  
n e c e s s a r y  m e a s u r e m e n t s  c a n  b e  c o m -  
p l e t e d  i n  l e s s  t h a n  5 min .  

. 

DESCRIPTION OF A N  ALTERNATE METHOD 

The b l o c k  d i a g r a m  o f  a n  a l t e r n a t e  
m e t h o d  a p p e a r s  i n  F i g .  2 2 .  T h i s  i s  
a m u c h  s i m p l e r  m e t h o d  b e c a u s e  n o  
s p e c i a l  e q u i p m e n t  i s  r e q u i r e d  o t h e r  
t h a n  a p u l s e  g e n e r a t o r ,  a n  o s c i l l o -  
g r a p h  w i t h  a c a l i b r a t e d  s w e e p ,  a n d  
a c a m e r a .  I f  t h e  o s c i l l o g r a p h  h a s  a 
s u f f i c i e n t l y  l o n g  p e r s i s t e n c e  s c r e e n ,  
t h e  c a m e r a  i s  n o t  n e c e s s a r y .  

I n  t h i s  m e t h o d  t h e  o s c i l l o g r a p h  
s w e e p  i s  t r i g g e r e d  by t h e  p u l s e  g e n -  
e r a t o r .  T h e  o u t p u t  p u l s e  f r o m  t h e  
a m p l i f i e r  i s  s h a r p l y  d e f i n e d  on t h e  
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s c r e e n  a t  t h e  s t a r t  o f  t h e  s w e e p .  
Random p u l s e s  w i l l  a p p e a r  l a t e r  on 
t h e  s w e e p  a x i s .  I f  a p h o t o g r a p h  i s  
t a k e n  o f  t h e  s c r e e n  w i t h  a l o n g  t ime 
e x p o s u r e ,  t h e  p h o t o g r a p h  w i l l  e x h i b i t  
t h e  p u l s e - g e n e r a t o r  p u l s e  i n  s h a r p  
d e f i n i t i o n ,  f o l l o w e d  b y a  c l e a r  s p a c e ,  
and t h e n  a b l u r  o f  l i g h t  r e p r e s e n t i n g  
t h e  random p u l s e s .  The d i s t a n c e  from 
t h e  b e g i n n i n g  o f  t h e  s h a r p l y  d e f i n e d  
p u l s e  t o  t h e  b e g i n n i n g  o f  t h e  b l u r r e d  
r e g i o n  r e p r e s e n t s  t h e  r e s o l v i n g  time. 
The  a c c u r a c y  o f  t h i s  s i m p l e r  m e t h o d  
i s  n o t  a s  g r e a t  a s  c a n  b e  o b t a i n e d  
w i t h  t h e  f i r s t  method.  

I n  p r i n c i p l e  t h e  p u l s e  g e n e r a t o r  
i s  n o t  n e c e s s a r y  i n  t h i s  s e c o n d  
method.  The sweep  c a n  be i n i t i a t e d  by 
t h e  r a n d o m - s i g n a l  s o u r c e .  However ,  
i f  t h i s  i s  d o n e ,  i t  w i l l  b e  f o u n d  
t h a t  b e c a u s e  o f  t h e  h i g h  c o u n t i n g  
r a t e  t h e  i n i t i a l  p a r t  o f  t h e  s w e e p  
w i l l  be, s o  b r i g h t  t h a t  h a l a t i o n  w i l l  
mask t h e e f f e c t  t o  be o b s e r v e d .  A l s o ,  
i t  w i l l  b e n e c e s s a r y  t o  have  a j i t t e r -  
f r e e  s w e e p ,  s o m e t h i n g  n o t  common t o  
a l l  o s c i l l o g r a p h s .  

RESULTS 

B o t h  t h e  new a n d  t h e  a l t e r n a t e  
me thods  have  been  t e s t e d  w i t h  e x c e l -  
l e n t  r e s u l t s .  T h e  new m e t h o d  h a s  
a l r e a d y  r e s o l v e d  some s c a l e r  d i f f i -  
c u l t i e s  which  would have  been  e x t r e m e -  
l y  d i f f i c u l t  t o  l o c a t e  by a n y  o t h e r  
method.  

The new method c a n  a l s o  e f f e c t i v e -  
ly d e t e r m i n e  t h e  e n e r g y  r e s o l u t i o n  of 
a n  a m p l i f i e r - d i s c r i m i n a t o r  c o m b i n a -  
t i o n  a s  a f u n c t i o n  o f  a p p l i e d  c o u n t i n g  
r a t e .  

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

SCINTILLATION-COUNTER POWER SUPPLIES 

E .  F a i r s t e i n  F. P o r t e r  

Two power s u p p l i e s  f o r  s c i n t i l l a -  
t i o n  c o u n t e r  u s e  have  b e e n  c o m p l e t e d  
a n d  t e s t e d .  The h i g h - v o l t a g e  o u t p u t  
o f  o n e  i s  p o s i t i v e  w i t h  r e s p e c t  t o  
g r o u n d ;  t h e  o u t p u t  o f  t h e  o t h e r  i s  
n e g a t i v e .  A u n i t  t h a t  c a n  s u p p l y  
e i t h e r  p o l a r i t y  i s  n o t  f e a s i b l e  b e -  
c a u s e  o f  hum d i f f i c u l t i e s  and c i r c u i t  
c o m p l i c a t i o n s .  

The  c i r c u i t  d i a g r a m s  of  t h e  s u p -  
p l i e s  a r e  shown  i n  F i g s .  2 3  a n d  2 4 .  
The  f i r s t  i s  a s e r i e s  t u b e  r e g u l a t o r  
and  t h e  s e c o n d  i s  a s h u n t  r e g u l a t o r .  
T h e  e q u i v a l e n t  c i r c u i t  o f  e a c h  i s  
t h a t  o f  a c a t h o d e  f o l l o w e r  w h o s e  
g r i d - t o - g r o u n d  v o l t a g e  i s  t h e  d r o p  
a c r o s s  t h e  1/25-w neon t u b e s .  

The o p e r a t i n g  c h a r a c t e r i s t i c s  a r e  
a s  f o l l o w s :  

O u t p u t  v o l t a g e  - 500 t o  1500, a d j u s t -  
a b l e  i n  s t e p s  o f  a p p r o x i m a t e l y  57 v .  

Maximum l o a d  - 1 . 5  ma a t  a n y  o u t p u t  
v o l t a g e .  

R m s  n o i s e  and  r i p p l e  - 0.01% a t  1 ma 
l o a d .  The r i p p l e  v a r i e s  by a f a c -  
t o r  of  2 from no  l o a d  t o  f u l l  l o a d .  

R e g u l a t i o n  t o  c h a n g e s  i n  l o a d  - The  
r e g u l a t i o n  is t h a t  a s s o c i a t e d  w i t h  
a n  i n t e r n a l  impedance  of 1000 ohms. 
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Fig. 23. P o s i t i v e - O u t p u t  H i g h - V o l t a g e  Power Supply. 

R e g u l a t i o n  t o c h a n g e s  i n  l i n e  v o l t a g e  - 
L i n e  v o l t a g e  v a r i a t i o n s  a r e  r e d u c e d  
by a f a c t o r  o f  40.  

S t a b i l i t y  - T h e  p e a k - t o - p e a k  v a r i a t i o n  
i n  o u t p u t  fo r  1 2 h r  o f  o p e r a t i o n  i s  
a p p r o x i m a t e l y  0 .01%.  The warm-up 
d r i f t  is a b o u t  1%. Long- t ime s t a -  
b i l i t y  f i g u r e s  a r e  n o t  y e t  a v a i l -  
a b l e .  

P h y s i c a l  d i m e n s i o n s  - The u n i t s  a r e  
b u i l t  on c h a s s e s  whose d i m e n s i o n s  
a r e  5 x 1 0  x 3 i n .  

B e c a u s e  o f  t h e  r e l a t i v e l y  p o o r  
r e g u l a t i o n  a g a i n s t  c h a n g e s  i n  l i n e  
v o l t a g e ,  i t  i s  d e s i r a b l e  t o  o p e r a t e  
t h e  u n i t s  f r o m  a r e g u l a t e d  s u p p l y  
l i n e .  The p o o r  r e g u l a t i o n  i s  c a u s e d  
a l m o s t  e n t i r e l y  b y  t h e  n e o n - l a m p  
c h a r a c t e r i s t i c s .  
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REACTOR CHEMISTRY 

ALTERNATE FUEL MEDIA 

J .  S .  G i l l  H. W .  Wr igh t  
W .  L .  M a r s h a l l  

The s o l u b i l i t y  o f  u ran ium t r i o x i d e  
i n  o r t h o p h o s p h o r i c  a c i d  a t  2 5 O O C  has 
been  d e  e r m i n e d  and i s  r e p o r t e d  e l s e -  

i n d i c a t e  t h a t  a n  a q u e o u s  f u e l  s y s t e m  
a t  2SOoC i s  o f  m a r g i n a l  f e a s i b i l i t y  
f r o m  a p h a s e - s t a b i l i t y  and  n e u t r o n -  
economy s t a n d p o i n t .  

w h e r e . (  ! The d a t a  g i v e n  i n  T a b l e  21 

The s o l i d - p h a s e  a n a l y s e s  r e p o r t e d  
i n  T a b l e  2 1  a r e  a d d i t i o n a l  d a t a  t h a t  
c o u l d  i n d i c a t e  a t h e o r e t i c a l  compo- 
s i t i o n  o f  ( U 0 , ) , ( P 0 4 ) , * 2 H , P 0 4 .  X -  
r a y  d i f f r a c t i o n  p a t t e r n s  were i d e n t i -  
c a l  f o r  t h e  d i f f e r e n t  s o l i d - p h a s e  
s a m p l e s .  

A s h o r t  i n v e s t i g a t i o n  o f  t h e  e f f e c t  
o f  c a r b o n  d i o x i d e  p r e s s u r e  o n  t h e  
p h a s e  s t a b i l i t y  o f  s o d i u m  u r a n y l  
c a r b o n a t e  s o l u t i o n s  i s  r e p o r t e d  i n  
t h e  H o m o g e n e o u s  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  j ec  t re p o r t  . ( ) Br i e  f 1 y , 
h y d r o l y t i c  p r e c i p i t a t i o n  o c c u r s  a t  
a b o u t  1 9 0 ° C  i n  0 . 2 4  M Na4U02(C0 ,  ), 
s o l u t i o n s .  The  t e m p e r a t u r e  of p r e -  
c i p i t a t i o n  was  changed  o n l y  s l i g h t l y  
by s e v e r a l  a t m o s p h e r e s  c a r b o n  d i o x i d e  
p r e s s u r e .  

PLUTONIUM PHASE S T A B I L I T Y  I N  AQUEOUS 
URANYL SULFATE AT 100 TO 250'C 

H .  W .  Wrigh t  K.  S. Warren 
W .  L. M a r s h a l l  

A f u l l - t i m e  i n v e s t i g a t i o n  i s  u n d e r  
way o n  p l u t o n i u m  p h a s e - s t a b i l i t y  
s t u d i e s  i n  a q u e o u s  u r a n y l  s u l f a t e  a t  
100 to 2 5 O o C .  The p rob lems  p r e s e n t l y  

( ')J. A .  Swar tou t ,  e t  a l . ,  Homogeneous Reactor 
u a r t e r l y  P r o g r e s s  Re o r t  f o r  P e r i o d  End ing  

(' )Ib i d .  
%ugus t 15 ,  1951, ORNL- 1151. 

i n h e r e n t  a r e  ( 1 )  t h e  p r e p a r a t i o n  o f  
p u r e  p l u t o n i u m  s u l f a t e  a n d  (2) t h e  
d e v e l o p m e n t  o f  s y n t h e t i c  a n d  a n a l y t i c a l  
t e c h n i q u e s  f o r  d e t e r m i n i n g  c h a r a c -  
t e r i s t i c s  o f  t h e  s o l u t i o n s  a b o v e  
100OC. The c u r r e n t  p r o g r e s s  w i l l  be  
g i v e n  i n  d e t a i l  i n  t h e  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  t h e  p e r i o d  e n d i n g  November 
15, 1951. 

FISSION-PRODUCT S O L U B I L I T I E S  IN 
URANYL SULFATE SOLUTION 

E .  V .  J o n e s  

The s o l u b i l i t y  s t u d i e s  o f  L i e t z k e  
a n d  S t o u g h t o n ( 3 )  o n  l a n t h a n u m  a n d  
y t t r i u m  s u l f a t e s  i n  0 . 1 2 6  M u r a n y l  
s u l f a t e  have  b e e n  e x t e n d e d  t o  i n c l u d e  
d a t a  f o r  t h e s e  two s u l f a t e s  i n  1 . 2 6  M 
u r a n y l  s u l f a t e  s o l u t i o n .  

Some o f  t h e  e x p e r i m e n t a l  d a t a  on 
y t t r i u m  s u l f a t - e  a r e  g i v e n e l s e w h e r e . ( 4 )  
The c o m p l e t e d  s t u d i e s  w i l l  be r e p o r t e d  
i n  a f u t u r e  Homogeneous R e a c t o r  P r o j -  
ec t q u a r t e r l y  p r o g r e s s  r e p o r t .  

I n v e s t i g a t i o n s  a r e  a l s o  i n  p r o g r e s s  
on t h e  s o l u b i l i t i e s  o f  c e s i u m  s u l f a t e  
a n d  c e r i u m  s u l f a t e  i n  1 . 2 6  M u r a n y l  
s u l f a t e .  

P r e l i m i n a r y  work h a s  b e e n  s t a r t e d  
on t h e  s o l u b i l i t y  o f  z i r c o n i u m  s u l f a t e  
i n  u r a n y l  s u l f a t e .  

CONDUCTIVITY OF URANYL 
SULFATE SOLUTION 

R .  D .  Brown 

The p r e l i m i n a r y  t a s k s  o f  o b t a i n i n g  
and  s e t t i n g  u p  t h e  n e c e s s a r y  a p p a r a t u s  

(3 )M.  H. L i e t z k e  a n d  R .  W .  S t o u g h t o n ,  The 
Measurement of the S o l u b i l i t y  of F i s s i o n  Product  
S u l f a t e s  a t  High  T e m p e r a t u r e s  and P r e s s u r e s ,  
ORNL. - 97 0. 

( 4 ) J .  A. Swartout  e t  a l . ,  op. c i t .  
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cl/r/ FOR PERIOD ENDING SEPTEMBER 3 0 ,  1951 

TEMPERATURE 
( " C )  

Room 
200 
2 6 0  

Table 21 

S O L U T I O N  
MOLAR I TY S O L I D  P H A S E  

U P E R  C E N T  PO, P E R  CENT U 

0.38 3 1 . 1  59.5 
0.23 26 .4  60.4 
1. -7 30.0 61 .7  

MOLARITY 

H 3 P O 4  

So lu bi 1 i ty o f Uran i urn Trioxide in Or thophosphoric 
Acid Solutions at 250°C 

2.77  
3.57 
4.86 
5.05 
5.95 
6.05 
6 . 6 9  
6.95 

S O L U T I O N  

MOLARITY 

uo3 

0.23 
0.42 
0.78 
0.84 
1 . 2 6  ( ? )  
1 .13  
1 . 3 0  
1.43 

MOLE S O L U B I L I T Y  
R A T I O  P 0 4 / U  

1 2  
8 .5  
6.2 
6 .0  
- 

5.35 
5.15 
4 . 8 6  

S O L I D  

P E R  C E N T  
P O 4  

31.6 

29.2 
30. 6 

S o l i d  P h a s e  a t  O t h e r  T e m p e r a t u r e s  

P E R  C E N T  
U 

5 9 . 1  

55.7 
5 6 . 1  

( b e g u n  b y  W .  L .  B u n g e r ,  Summer R e -  
s e a r c h  P a r t i c i p a n t  f r o m  t h e  A l a b a m a  
P o l y t e c h n i c  I n s t i t u t e )  h a v e  b e e n  
l a r g e l y  a c c o m p l i s h e d ,  a n d  m e a s u r e -  
m e n t s  o f  t h e  c o n d u c t i v i t y  o f  u r a n y l  
s u l f a t e  s o l u t i o n s  i n  c o n c e n t r a t i o n s  
f r o m  0 . 0 5  t o  1 . 2 5  M h a v e  b e e n  made 
a t  25°C. The r e s u l t s  o b t a i n e d  i n d i -  
c a t e  t h a t  u r a n y l  s u l f a t e  b e h a v e s  a s  
a weak e l e c t r o l y t e  h a v i n g  a c o n d u c -  
t i v i t y  s o m e w h a t  g r e a t e r  t h a n  t h a t  
r e p o r t e d  f o r  u r a n y l  f l u o r i d e . ( ' )  A 
c o m p r e h e n s i v e  a c c o u n t  o f  t h i s  i n -  
v e s t i g a t i o n  w i l l  b e  g i v e n  i n  t h e  
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  t h e  p e r i o d  e n d i n g  
November 1 5 ,  1951.  

("G. R. Dean, Pro e r t i e s  of Uranyl F l u o r i d e ,  
OC-G-2092, September fl, 1944. 

VAPOR-PRESSURE STUDIES OF AQUEOUS 
URANIUM SALTS AND URANYL SULFATE 

H .  0. Day J .  S .  G i l l  

T h e  a p p a r a t u s  f o r  v a p o r - p r e s s u r e  
s t u d i e s  o f  a q u e o u s  u r a n i u m  s a l t s  
a b o v e  100°C i s  d i s c u s s e d  f u l l y  i n  a 
p r e v i o u s  r e p o r t .  ( 6 )  V a p o r - p r e s s u r e  
s t u d i e s  o f  u r a n y l  s u l f a t e  ( 0 . 1 2 6  a n d  
1 . 2 6  M )  a n d  u r a n y l  n i t r a t e  ( 1 . 2 6  M )  
s o l u t i o n s  h a v e  b e e n  made f r o m  2 0 0  t o  
350°C. The d a t a  o n  t h e  a b o v e  s o l u -  
t i o n s  i n d i c a t e  v a p o r  p r e s s u r e s  b e l o w  
t h a t  o f  w a t e r ,  i . e . ,  5 t o  1 0  p s i  f o r  
t h e  s u l f a t e  a n d  10 t o  20 p s i  f o r  t h e  
n i t r a t e .  D e t a i l s ,  t o g e t h e r  w i t h d a t a ,  

( 6 ) ~ .  A .  Swartout e t  a ~ . ,  o p  c i t .  
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i n  t h e  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  
t h e  p e r i o d  e n d i n g  November 1 5 ,  1951. 

R A D I A T I O N  S T A B I L I T Y  

H .  F. M c D u f f i e ,  J r .  F.. J .  F i t c h  
J .  W .  B o y l e  A .  W .  S m i t h  
F .  H.  S w e e t o n  K .  A .  Hub* 
D. M .  R i c h a r d s o n  W .  F .  K i e f f e r  
J .  F. Manneschrnidt  J .  R u t h *  
M. D. S i l v e r m a n  T .  H .  H a n d l e y  

HOMOGENEOUS REACTOR P R O J E C T  S T U D I E S * *  

Long p e r i o d s  of  i r r a d i a t i o n  ( 2 2 8 0  
h r )  i n  h o l e  60  o f  t h e  g r a p h i t e  r e -  
a c t o r  f a i l e d  t o  c a u s e  a n y  a p p a r e n t  
d e t e r i o r a t i o n  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  c o n t a i n e d  i n  s t a i n l e s s  
s t e e l  bombs  ( v a r i o u s l y  p a s s i v a t e d )  
h e l d  a t  t e m p e r a t u r e s  o f  2 5 0  t o  290°C 
d u r i n g  i r r a d i a t i o n .  

F u n d a m e n t a l  s t u d i e s  o f  s p e c i f i c  a n d  
n e t  g a s - p r o d u c t i o n  r a t e s  o f  i r r a d i a t e d  
u r a n i u m - c o n t a i n i n g  s o l u t i o n s  o f  v a r -  
i o u s  c o n c e n t r a t i o n s  a n d  e n r i c h m e n t s  
a r e  b e i n g  c a r r i e d  o u t  i n t e n s i v e l y .  
U r a n y l  s u l f a t e  a n d  u r a n y l  f l u o r i d e  
s o l u t i o n s  o f  e n r i c h m e n t s  r a n g i n g  f rom 
0 . 0 2  t o  9 3 . 4 %  a n d  c o n c e n t r a t i o n s  u p  
t o  6 0 0  g U / 1  a r e  b e i n g  s t u d i e d  a t  
t e m p e r a t u r e s  u p  t o  250°C.  I t  a p p e a r s  
t h a t  t h e  G v a l u e  i s  a f u n c t i o n  o f  
t h e  d e g r e e  of  e n r i c h m e n t ,  f a l l i n g  a s  
t h e  e n r i c h m e n t  i s  l o w e r e d .  T h i s  
m i g h t  b e  e x p e c t e d ,  s i n c e  a t  low e n -  
r i c h m e n t s  a s m a l l e r  f r a c t i o n  o f  t h e  
t o t a l  e n e r g y  i n p u t  w i l l  a p p e a r  a s  
f i s s i o n  e n e r g y .  P r e l i m i n a r y  work  on 
t h e  u r a n y l  n i t r a t e  s y s t e m  i n d i c a t e d  
d e c o m p o s i t i o n  v i a  a t t a c k  on t h e  n i t r a t e  
i o n  i n  c o n c e n t r a t e d  s o l u t i o n s  ( 3 0 0  g 
U / 1  l i b e r a t i n g  f r e e  n i t r o g e n )  b u t  

*ORSORT or summer p a r t i c i p a n t s  n o  l o n g e r  
in  the group. 

**Homogeneous R e a c t o r  P r o j e c t  s t u d i e s  a r e  
summarized b r i e f l y  h e r e .  T h i s  work is r e p o r t e d  
in d e t a i l  i n  t h e  Homogeneous R e a c t o r  P r o j e c t  
Quarter ly  Progress  Report. 

n o r m a l  d e c o m p o s i t i o n  ( t o  ZH, + 0, ) i n  
d i l u t e  s o l u t i o n s  ( 4 0  g U / l ) .  

S t u d i e s  o n  a s i m u l a t e d  HRE r e -  
f l e c t o r  s y s t e m  ( o r d i n a r y  w a t e r  i n  
c a r b o n  s t e e l  bombs  u s i n g  t r i s o d i u m  
p h o s p h a t e ,  s o d i u m  h y d r o x i d e ,  a n d  
m a g n e s i u m  h y d r o x i d e  a s  c o r r o s i o n  
i n h i b i t o r s ) ,  i n  t h e  p r e s e n c e  o f  r e -  
a c t o r  r a d i a t i o n  ( h o l e  1 2  o f  t h e  
g r a p h i t e  r e a c t o r ' )  a t  t e m p e r a t u r e s  
o f  100  t o  140"C,  g a v e  n o  i n d i c a t i o n  
o f  a b n o r m a l  g a s  p r o d u c t i o n ,  s t e a d y -  
s t a t e  p r e s s u r e s ,  or c o r r o s i o n .  U s i n g  
h e a v y  w a t e r  i n  p l a c e  o f  o r d i n a r y  
w a t e r  r e s u l t e d  i n  t h e  p r o d u c t i o n  of  
l a r g e  amounts  o f  m a g n e t i c  i r o n  o x i d e .  
H o w e v e r ,  s u b s e q u e n t  t e s t s  w i t h  h e a v y  
w a t e r ,  made b y  t h e  c o r r o s i o n  g r o u p  
a t  Y - 1 2 ,  g a v e  s i m i l a r  e f f e c t s  i n  t h e  
a b s e n c e  o f  r a d i a t i o n .  F u r t h e r  r a d i a -  
t i o n  t e s t i n g  o f  t h e  s i m u l a t e d  r e -  
f l e c t o r  s y s t e m  w i l l  b e  c a r r i e d  o u t  
a f t e r  t h e  n o n r a d i a  t i on c o r  r o s  i o n  
e f f e c t s  have  b e e n  s u f f i c i e n t l y  s t u d i e d .  

I n  n o n r a d i a t i o n  e x p e r i m e n t s  w i t h  
s t a i n l e s s  s t e e l  b o m b s  c o n t a i n i n g  
u r a n y l  s u l f a t e  s o l u t i o n s  h e a t e d  t o  
2 7 5 " C ,  t h e r e  w a s  n o  e v i d e n c e  t h a t  
p r e t r e a t m e n t  o f  t h e  bombs w i t h  4 0 0 -  
p s i  o x y g e n  p r e s s u r e  a t  2 7 5 ° C  a d d e d  
s i g n i f i c a n t l y  t o  t h e  p r o t e c t i o n  a f -  
f o r d e d  by t h e  u s e  o f  4 0 0 - p s i  o x y g e n  
p r e s s u r e  d u r i n g  t h e  t e s t .  

When s o l u t i o n  i n s t a b i l i t y  o c c u r s  
a f t e r  a s h o r t  p e r i o d  o f  h e a t i n g  ( p r o -  
d u c i n g  a b l a c k  p r e c i p i t a t e  o f  u r a n i u m  
o x i d e s  a n d  a w a t e r - w h i t e  s o l u t i o n  of 
low pH by t h e  l i b e r a t i o n  o f  s u l f u r i c  
a c i d )  t h i s  i n s t a b i l i t y  c a n  b e  r e v e r s e d  
and u r a n y l  s u l f a t e  s o l u t i o n  r e g e n e r a t e d  
i f  t h e  s o l u t i o n  i s  h e a t e d  u n d e r  o x y -  
g e n  p r e s s u r e .  

I t  w a s  d i s c o v e r e d  t h a t  h y d r o g e n  
p o s s e s s e s  t h e  a b i l i t y  t o  r e d u c e  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 t  t e m p e r a -  
t u r e s  o f  2 5 0  t o  2 9 0 ° C .  F o r  t h i s  
r e d u c t i o n  i t  i s  n e c e s s a r y  t o  u s e  
q u a r t z  v e s s e l s  a n d  h a v e  n o  h e t e r o g e -  
n e o u s  c a t a l y t i c  m a t e r i a l  p r e s e n t  
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i n i t i a l l y .  T h e  k i n e t i c s  o f  t h i s  
r e a c t i o n  a r e  b e i n g  d e t e r m i n e d ,  a n d  
t h e  i m p l i c a t i o n s  w i t h  r e s p e c t  t o  t h e  
r e c o m b i n a t i o n  o f  h y d r o g e n  a n d  oxygen  
a r e  b e i n g  i n v e s t i g a t e d  a s  r e p o r t e d  
b e l o w .  

A s u r v e y  o f  t h e  s t a b i l i t y  o f  p o s -  
s i b l e  HRE f u e l  s o l u t i o n s  i n  c o n t a c t  
w i t h  t i t a n i u m ,  z i r c o n i u m ,  a n d  p r e -  
t r e a t e d  s t a i n l e s s  s t e e l  h a s  been  made 
a t  250°C u s i n g  q u a r t z  a m p o u l e s  c o n -  
t a i n i n g  t h e  s o l u t i o n  a n d  a s m a l l  
p i e c e  o f  m e t a l  r o d .  V i s u a l  o b s e r v a -  
t i o n  a f t e r  s u c c e s s i v e  p e r i o d s  o f  
h e a t i n g  h a s  been  h e l p f u l  i n  e s t a b l i s h -  
i n g  t h e  o n s e t  o f  c o r r o s i o n .  C o n -  
c e n t r a t i o n s  o f  3 0 0  g U / 1  h a v e  b e e n  
u s e d .  T i t a n i u m  a p p e a r s  much m o r e  
r e s i s t a n t  t h a n  z i r c o n i u m  or s t a i n l e s s  
s t e e l  t o  u r a n y l  s u l f a t e  a n d  u r a n y l  
n i t r a t e  s o l u t i o n s  b o t h  i n  t h e  p r e s e n c e  
a n d  a b s e n c e  o f  a i r .  C h r o m a t e  p r e -  
t r e a t e d  s t a i n l e s s  s t e e  1 and  t i t a n i u m  
a p p e a r  more r e s i s t a n t  t o  u r a n y l  f l u o -  
r i d e  t h a n  n i t r a t e  - p r e  t r e a  t e d  s t a i n l e s s  
s t e e l .  Z i r c o n i u m  h a s  n o  r e s i s t a n c e  
t o  u r a n y l  f l u o r i d e .  

A p p a r a t u s  f o r  s t u d y i n g  r a d i a t i o n  
e f f e c t s  a t  h i g h  t e m p e r a t u r e s  a n d  
p r e s s u r e s  i n  t h e  LITR,  u s i n g  gamma 
a n d  n e u t r o n  f l u x e s  much h i g h e r  t h a n  
t h o s e  o b t a i n a b l e  i n  t h e  g r a p h i t e  r e -  
a c t o r ,  i s  now r e a d y  f o r  f i n a l  t e s t i n g  
a n d  a s s e m b l y .  A v e r t i c a l  f a c i l i t y  
f o r  s h o r t - t e r m  t e s t s  and  two h o r i z o n t a l  
f a c i l i t i e s  f o r  l o n g - t e r m  c o r r o s i o n  
and  s t a b i l i t y  s t u d a i e s  a r e  b e i n g  p r o -  
y i d e d .  

HYDROGEN-OXYGEN RECOMBINATION IN 
SOLUTIONS 

The n e e d  f o r  b e t t e r  u n d e r s t a n d i n g  
o f  t h e  r e a c t i o n  b e t w e e n  h y d r o g e n  and  
oxygen a t  h i g h  t e m p e r a t u r e s  and  p r e s -  
s u r e s  h a s  l o n g  b e e n  e v i d e n t .  A l l  
s t u d i e s  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  w a t e r  or a q u e o u s  s o l u t i o n s  
h a v e  i n d i c a t e d  t h e  i m p o r t a n c e  o f  t h e  

- p r n  
9/3- 1 

PERIOD ENDING SEPTEMBER 30,  1951  

r e c o r n b i n a t i o n  or " b a c k "  r e a c t i o n  a s  
c o m p a r e d  w i t h  t h e  d e c o m p o s i t i o n  or 
" f o r w a r d "  r e a c t i o n .  U s i n g  u r a n y l  
s u l f a t e  s o l u t i o n s  i n  p r e t r e a t e d  s t a i n -  
l e s s  s t e e l  bombs e x p o s e d  t o  g r a p h i t e  
r e a c t o r  r a d i a t i o n  a t  250°C,  an  e q u i -  
l i b r i u m  i s  r e a c h e d  a f t e r  a number  o f  
h o u r s  a t  w h i c h  t h e  f o r w a r d  a n d  b a c k  
r e a c t i o n s  a r e  i n  b a l a n c e .  The  t o t a l  
p r e s s u r e  a t  e q u i l i b r i u m  h a s  b e e n  
f o u n d  t o  b e  i n  t h e  r a n g e  o f  2 0 0 0  t o  
5000 p s i .  I n  a r r i v i n g  a t  t h i s  e q u i -  
l i b r i u m  t h e  p r e s s u r e  h a s  f r e q u e n t l y  
g o n e  t h r o u g h  a maximum or ' ' o v e r  a 
hump" f o r  u n e x p l a i n e d  r e a s o n s .  T e n t a -  
t i v e  e x p l a n a t i o n s  f o r  t h e  r e c o m b i n a -  
t i o n  r e a c t i o n  have  i n c l u d e d  c a t a l y s i s  
by  t h e  w a l l  o f  t h e  c o n t a i n e r ,  g a s -  
p h a s e  homogeneous  r e a c t i o n ,  l i q u i d -  
p h a s e  r a d i a t i o n - i n d u c e d  r e a c t i o n ,  and  
l i q u i d - p h a s e  h o m o g e n e o u s  r e a c t i o n .  * 

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

F i r s t  o f  a l l ,  i t  w a s  f o u n d ,  a s  
r e p o r t e d  a b o v e ,  t h a t  h y d r o g e n  a l o n e  
would r e d u c e  u r a n y l  s u l f a t e  s o l u t i o n s  
t o  b l a c k  o x i d e s  a n d  a w a t e r - w h i t e  
s o l u t i o n  o f  l o w  pH. I t  w a s  a l s o  
f o u n d  t h a t  oxygen  c o u l d  r e v e r s e  t h i s  
r e d u c t i o n  t o  r e g e n e r a t e  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 d d i n g  t h e s e  two 
d e m o n s t r a t e d  r e a c t i o n s  t o g e t h e r  g i v e s ,  
a s  a n e t  e f f e c t ,  t h e  r e c o m b i n a t i o n  of  
h y d r o g e n  a n d  oxygen  w i t h  u r a n y l  i o n  
a s  a c a t a l y s t .  S e c o n d ,  a s  a d i r e c t  
t e s t  o f  t h e  t h e o r y ,  s t a i n l e s s  s t e e l  
( u n t r e a t e d )  b o m b s  were  h e a t e d  t o  
t e m p e r a t u r e s  o f  2 0 0  t o  2 9 0 ° C  i n  t h e  
p r e s e n c e  o f  h i g h  p r e s s u r e s  o f  a 2 : l  
m i x t u r e  o f  h y d r o g e n  a n d  o x y g e n .  
U s i n g  empty bombs, or bombs p a r t i a l l y  
f i l l e d  w i t h  d i s t i l l e d  w a t e r ,  n o  s u b -  
s t a n  t i a  1 amount  o f  r e c o m b i n a t i o n  was 
o b s e r v e d .  W h e n ,  h o w e v e r ,  u r a n y l  
s u l f a t e  s o l u t i o n s  were p r e s e n t  t h e r e  
was  e v i d e n c e  ( i n  p r e s s u r e  d r o p )  o f  
r e c o m b i n a t i o n  a t  s u b s t a n t i a  1 r a t e s  . 
A t  t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t s  
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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  were re- 
c o v e r e d  a p p a r e n t l y  u n c h a n g e d .  T h e  
s i m p l e  r e a c t i o n  a p p e a r s  t o  b e  e x -  
p l a i n e d  s a t i s f a c t o r i l y  b y  t h e  f o l -  
l o w i n g  e x p r e s s i o n :  

8 
dP 

d t  
-I_ - k l ( U 0 2 + + ) P  , 

'1 a 

-. vl 
V 

-t- 
RT 

v# 

where 

- d P / d t  = l o s s  i n  p r e s s u r e  o f  h y d r o -  
g e n  p e r  u n i t  t i m e  ( h r )  
( p s i ) ,  

( u o ~ + + ) =  c o n c e n t r a t i o n  (or a c t i v i t y )  
of  u r a n y l  i o n ,  

P = p r e s s u r e  of  h y d r o g e n  ( p s i ) ,  

Y, = v o l u m e  o f  l i q u i d  i n  t h e  
s y s t e m  a t  t h e  t e m p e r a t u r e  
o f  t h e  e x p e r i m e n t ,  

Vg = volume o f  g a s  i n  t h e  s y s t e m  
a t  t h e  t e m p e r a t u r e  o f  t h e  
e x p e r i m e n t  , 

a = c o n s t a n t  r e l a t i n g  t h e  p a r -  
t i a l  p r e s s u r e  of  h y d r o g e n  
t o  t h e  m o l a r  c o n c e n t r a t i o n  
o f  h y d r o g e n  i n  t h e  s o l u -  
t i o n  a t  t h e  t e m p e r a t u r e  o f  
t h e  e x p e r i m e n t ,  

R = g a s  c o n s t a n t ,  1 . 2 0 6  c c -  
p s  i / d e g ,  

?' = a b s o l u t e  t e m p e r a t u r e .  

For c o n v e n i e n c e  t h e  t o t a l  p r e s s u r e  
i n s t e a d  o f  t h e  p a r t i a l  p r e s s u r e  o f  
h y d r o g e n  c a n  be u s e d  i f  a 2 : l  m i x t u r e  
o f  h y d r o g e n  and oxygen i s  u s e d  i n  t h e  
e x p e r i m e n t .  I f  s o m e  o t h e r  m i x t u r e  
were  u s e d ,  t h e  p a r t i a l  p r e s s u r e  o f  
h y d r o g e n  w o u l d  h a v e  t o  b e  f o l l o w e d ,  

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

U s i n g  t h i s  e x p r e s s i o n  f o r  t h e  
k i n e t i c s ,  v a l u e s  o f  k were o b t a i n e d  
f o r  u r a n y l  s u l f a t e  s o l u t i o n s  a t  c o n -  
c e n t r a t i o n s  o f  0 . 1 2 5  a n d  1 . 2 5  M o v e r  
a t e m p e r a t u r e  r a n g e  o f  250  t o  290'C. 
T h e s e  v a l u e s  a r e  p l o t t e d  a s  2og k v s .  
1/T i n  F i g .  2 5  t o  s h o w  t h e  t e m p e r a -  
t u r e  d e p e n d e n c e  o f  t h e  r e a c t  i o n .  
The s c a t t e r  for t h e  v a l u e s  a t  h i g h  
t e m p e r a t u r e  a n d  low c o n c e n t r a t i o n  
i n d i c a t e d  t h a t  some a d d i t i o n a l  f a c t o r  
w a s  i n f l u e n c i n g  t h e  r e s u l t s .  T h e  
d i s p l a c e m e n t  of t h e  h i g h e r  c o n c e n t r a -  
t i o n  l i n e  w i t h  r e s p e c t  t o  t h e  l o w e r  
c o n c e n t r a t i o n  l i n e  may be d u e  t o  t h e  
d i f f e r e n c e s  i n  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  u r a n y l  i o n  ( a s s u m e d  t o  b e  1 . 0  
i n  t h e  c a l c u l a t i o n ,  b u t  e x p e c t e d  t o  
d i f f e r ) .  

P r e v i o u s  c o n s i d e r a t i o n  o f  t h e  
p r o b a b l e  m e c h a n i s m  o f  t h e  r e a c t i o n  
had l e d  t o  t h e  s u g g e s t i o n  t h a t  o t h e r  
p o l y v a l e n t  m e t a l  i o n s  m i g h t  a l s o  
c a t a l y z e  t h e  r e a c t i o n ,  a n d  i t  was 
s u s p e c t e d  t h a t  c o r r o s i o n  of t h e  s t a i n -  
less s t e e l  bomb m i g h t  h a v e  c a u s e d  t h e  
i n t r o d u c t i o n  o f  s u c h  i o n s  a n d  l e a d  t o  
t h e  e r r a t i c  r e s u l t s .  S i n c e  n i c k e l  
(one of t h e  c o r r o s i o n  p r o d u c t s  of  
t y p e - 3 4 7  s t a i n l e s s  s t e e l )  was  known 
t o  r e m a i n  i n  s o l u t i o n  and  u n h y d r o l y z e d  
a t  t h e  t e m p e r a t u r e s  o f  o u r  e x p e r i -  
m e n t s ,  some t e s t  r u n s  were c a r r i e d  
o u t  u s i n g  u r a n y l  s u l f a t e  s o l u t i o n s  
c o n t a i n i n g  4 6 0  ppm o f  n i c k e l .  No 
i n c r e a s e  i n  t h e  r a t e  o f  r e c o m b i n a t i o n  
w a s  n o t e d  i n  t h e s e  r u n s .  F u r t h e r  
c o n s i d e r a t i o n  o f  t h e  p o t e n t i a l s  i n -  
v o l v e d  i n  g o i n g  f r o m  t h e  o x i d i z e d  t o  
t h e  r e d u c e d  s t a t e  i n d i c a t e d  t h a t  a 
c a t a l y z i n g  i o n  s h o u l d  b e  r e d u c i b l e  
b y  h y d r o g e n  g a s  a n d  o x i d i z a b l e  b y  
e i t h e r  oxygen gas  or u r a n y l  i o n .  Not  
k n o w i n g  t h e  v a l u e s  f o r  t h e s e  p o -  
t e n t i a l s  a t  250°C l e d  t o  e x a m i n a t i o n  
o f  t h e  p o t e n t i a l s  a t  2 5 ° C  a n d  t h e  
c h o i c e  o f  c o p p e r  a s  t h e  f i r s t  i o n  
f o r  t e s t i n g .  T h i s  c h o i c e  p r o v e d  v e r y  

t 
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F i g .  25.  Temperature  Dependence of  t h e  R e c o m b i n a t i o n  of Hydrogen and  
Oxygen i n  t h e  P r e s e n c e  o f  Urany l  S u l f a t e  S o l u t i o n s .  
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f o r t u n a t e ,  a s  c o p p e r  a p p e a r s  t o  c a t a -  
l y z e  t h e  r e a c t i o n  v e r y  s t r o n g l y .  
U s i n g  0 .125  M u r a n y l  s u l f a t e  c o n t a i n -  
i n g  400 ppm o f  c o p p e r ,  v a l u e s  of kfor 
c o p p e r  were c a l c u l a t e d  over a r a n g e  
o f  t e m p e r a t u r e s  f r o m  2 0 5  t o  290°C 
f rom t h e  f o l l o w i n g .  k i n e t i c  e x p r e s s i o n :  

rl t- 
RT 

vg 

b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  r e -  
d u c t i o n  i s  much s l o w e r  t h a n  t h e  r e -  
o x i d a t i o n  a n d  t h a t  t h e  e q u a t i o n  f o r  
t h e  r e a c t i o n  w i t h  c o p p e r  i s  

H, + 2 C u t t  - 2Ht  + 2Cut 

T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
r e a c t i o n  w i t h  c o p p e r  i s  s h o w n  i n  
F i g .  2 6 .  

A c t i v a t i o n  e n e r g i e s  f o r  t h e  r e -  
a c t i o n  w i t h  u r a n y l  s u l f a t e ,  a t  b o t h  
c o n c e n t r a t i o n s ,  and  t h e  r e a c t i o n  w i t h  
c o p p e r  a p p e a r e d  t o  b e  a p p r o x i m a t e l y  
t h e  s a m e  ( - 1 5  k c a l ) .  T h e  d i s c o v e r y  
t h a t  c o p p e r  is s u c h  a p o w e r f u l  c a t a -  
l y s t  c o m p a r e d  w i t h  u r a n y l  i o n  ( k  = 
1 3 5 , 0 0 0  a t  25OOC v s .  1 .163 f o r  u r a n y l  
i o n  a t  t h e  same t e m p e r a t u r e )  h a s  l e d  
t o  a p o s s i b l e  e x p l a n a t i o n  f o r  t h e  
e r r a t i c  r e s u l t s  o b t a i n e d  w i t h  some 
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 ;  v e r y  
s m a l l  amounts  o f  c o p p e r  may h a v e  b e e n  
i n t r o d u c e d  i n a d v e r t e n t l y  f r o m  some 
c o p p e r - p l a t e d  n u t s  u s e d  t o  s e c u r e  
t h e  f i t t i n g  t o  t h e  bomb ( t h e  p l a t i n g  
becomes o x i d i z e d  t o  c o p p e r  o x i d e ,  and  
a s m a l l  a m o u n t  c o u l d  b e  r u b b e d  o f f  
and e v e n t u a l l y  f a l l  i n t o  t h e  i n t e r i o r  
o f  t h e  bomb).  A n a l y s e s  a r e  now b e i n g  
made on a l l  s o l u t i o n s  u s e d  i n  p r i o r  
r u n s  t o d e t e r m i n e  t h e  m a g n i t u d e  o f  t h e  
c o r r e c t i o n  t h a t  m u s t  b e  a p p l i e d ,  a n d  
i t  i s  c e r t a i n  t h a t  t h e  r e s u l t s  w i t h  

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

I t  i s  p lann 'ed  t o  e x t e n d  t h e  s t u d y  
t o  i n c l u d e  r a t i o s  o f  h y d r o g e n  t o  
oxygen o t h e r  t h a n  2: 1, c o n c e n t r a t i o n s  
o f  u r a n y l  i o n  h i g h e r  a n d  l o w e r  t h a n  
t h o s e  p r e v i o u s l y  u s e d ,  c a t a l y z i n g  
i o n s  o t h e r  t h a n  c o p p e r  (V, T i ,  S n ,  
Mn, C e ,  T l ) ,  u s e  o f  c a t a l y s t s  i n  t h e  
a b s e n c e  o f  u r a n y l  i o n s ,  t e s t s  w i t h  
u r a n y l  f l u o r i d e  a s  w e l l  a s  s u l f a t e ,  
a n d  c o m b i n a t i o n s  o f  c a t a l y s t s .  I n  
a d d i t i o n ,  p l a n s  a r e  u n d e r  w a y  t o  
t e s t  t h e  a b i l i t y  o f  c o p p e r  t o  i n -  
c r e a s e  t h e  r e c o m b i n a t i o n  r a t e  u s i n g  
e n r i c h e d  u r a n y l  s u l f a t e  a n d  r e a c t o r  
r a d i a t i o n  t o  p r o d u c e  t h e  h y d r o g e n  a n d  
o x y g e n .  T h e  e f f e c t  o f  c o p p e r  w i l l  
be  m e a s u r e d  by d e t e r m i n i n g  t h e  l o w e r -  
i n g  of  t h e  e q u i l i b r i u m  p r e s s u r e  a t  
a c h o s e n  t e m p e r a t u r e .  

The s i g n i f i c a n c e  o f  t h e  c a t a l y z e d  
r e c o m b i n a t i o n  r e a c t i o n  w i t h  r e s p e c t  
t o  o p e r a t i o n  o f  homogeneous  r e a c t o r s  
i s  b e i n g  c o n s i d e r e d .  

SOLUBILITIES OF FISSION-PRODUCT 
SULFATES 

B. Zemel  

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

The  s o l u b i l i t y  c u r v e  f o r  S r S O I  i n  
UO,SO, h a s  b e e n  r e d e t e r m i n e d ,  t h e  
s o l u b i l i t y  o f  s i l v e r  s u l f a t e  i n  t h i s  
medium i s  b e i n g  d e t e r m i n e d ,  a n d  t h e  
d e t e r m i n a t i o n  o f  t h e  s o l u b i l i t i e s  o f  
r u t h e n i u m  a n d  z i r c o n i u m  s u l f a t e s  i n  
UO,SO, s o l u t i o n  have  b e e n  u n d e r t a k e n .  
T h e  l a s t  t w o  s u l f a t e s  p r e s e n t  c o n -  
s i d e r a b l e  d i f f i c u l t i e s  i n  a t t e m p t i n g  
t o  a s c e r t a i n  t h e  s p e c i e s  p r e s e n t .  

F u r t h e r  d e t a i l s  w i l l  b e  g i v e n  i n  
t h e  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  t h e  p e r i o d  
e n d i n g  November 1 5 ,  1951.  
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o f  t h e  R e c o m b i n a t i o n  of  Hydrogen and Oxygen i n  t h e  P r e s e n c e  of  U r a n y l  
S u l  f a t e  S o l  u t  i o n s .  
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HIGH-TEMPERATURE REFERENCE ELECTRODE 

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

An a t t e m p t  i s  b e i n g  made t o d e v e l o p  
a r e f e r e n c e  e l e c t r o d e  t h a t  c a n  b e  
u s e d  a t  h i g h  t e m p e r a t u r e s  ( u p  t o  
250OC) i n  c o n n e c t i o n  w i t h  c o r r o s i o n  
s t u d i e s  f o r  HRE.  S u c h  a n  e l e c t r o d e  
c o u l d  be u s e d  t o  f o l l o w  t h e  p o t e n t i a l  
o f  s t a i n l e s s  s t e e l  d u r i n g  t h e  p a s s i v a -  
t i o n  p r o c e s s  a s  w e l l  a s  t o  c h e c k  on 
t h e  q u a l i t y  of a p a s s i v e  f i l m  t h a t  
h a s  been  i n  u s e .  

I n  p r e l i m i n a r y  e x p e r i m e n t s  t h ree  
e l e c t r o d e s  w i l l  b e  t r i e d :  Pb/PbSO,, 
Ag/Ag,SO,, and  Pt/PbO, -+ PbSO,. The 
p o t e n t i a l s  o f  t h e s e  h a l f - c e l l s  w i l l  
be  measu red  a g a i n s t  o n e  a n o t h e r  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  t h e  v a l u e s  
s o  o b t a i n e d  compared  w i t h  thermodynamic  
c a l c u l a t i o n s .  

T h e  b o m b ,  h e a t i n g  j a c k e t ,  a n d  
q u a r t z  c e l l s  h a v e  b e e n  m a d e .  T h e  
c h e m i c a l s  a n d  s o l u t i o n s  t o  b e  u s e d  
a r e  now b e i n g  p r e p a r e d  and  methods  o f  
i n s u l a t i n g  t h e  wi res  l e a d i n g  i n t o  t h e  
c e l l s  i n  t h e  bomb a r e  b e i n g  i n v e s t i -  
g a t e d .  P o t e n t i a l  m e a s u r e m e n t s  w i l l  
be s t a r t e d  i n  t h e  n e a r  f u t u r e .  

HRE CORROSION PROBLEMS 

J .  C. Gr i e s s  

For t h e  p a s t  few months  t h e  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  p r o c e s s  
e n c o u n t e r e d  i n  HRE h a s  b e e n  u n d e r  
i n v e s t i g a t i o n .  The  p u r p o s e  o f  t h i s  
s t u d y  h a s  b e e n  t o  f i n d  a m e a n s  o f  
d e t e r m i n i n g  t h e  e x t e n t  o f  c o r r o s i o n  
when p a s s i v a t e d  t y p e - 3 4 7  s t a i n l e s s  
s t e e l  i s  e x p o s e d  t o  u r a n y l  s u l f a t e  
s o l u t i o n s  a t  250°C.  I n  a l l  t h e  ex- 
p e r i m e n t s  c a r r i e d  o u t  t o  d a t e  t h e  
r a t e  o f  c o r r o s i o n  h a s  b e e n  c o m p a r a -  
t i v e l y  s l o w  a n d  t h e  p r o c e s s  o f  d e -  
t e r m i n i n g  t h e  r e l a t i v e  m e r i t s  o f  
d i f f e r e n t  p r o t e c t i v e  f i l m s  h a s  b e e n  
t i m e  c o n s u m i n g .  H e n c e  a r e l i a b l e ,  

f a s t  m e t h o d  of m e a s u r i n g  t h e  e f f e c -  
t i v e n e s s  o f  d i f f e r e n t  p r o t e c t i v e  
f i l m s  is d e s i r a b l e .  If t h e  r e a c t a n t s  
i n v o l v e d  in t h e  c o r r o s i o n  r e a c t i o n  
and t h e c o r r o s i o n  p r o d u c t s  were known, 
i t  m i g h t  be p o s s i b l e  t o  u s e  c h a n g e s  
i n  t h e  c o n c e n t r a t i o n  of e i t h e r  a s  a n  
a c c u r a t e  m e a s u r e  o f  t h e  c o r r o s i o n  
damage. F u r t h e r m o r e ,  an  u n d e r s t a n d i n g  
o f  t h e  c o r r o s i o n  m e c h a n i s m  m i g h t  
a l l o w  a m o r e  i n t e l l i g e n t  a t t a c k  on 
t h e  c o r r o s i o n  p r o b l e m  i t s e l f .  

I t  h a s  p r e v i o u s l y  been  p o i n t e d  o u t  
t h a t  i n  t h e  s y s t e m ,  u r a n y l  s u l f a t e  
s o l u  t i on-pas  s i v a  t e d  s t a i n l e s s  s t e e  1- 
a i r ,  c h a n g e s  i n  pH, u r a n y l  s u l f a t e ,  
i r o n ,  and  chromium c o n c e n t r a t i o n s  d o  
n o t  g i v e  a q u a n t i t a t i v e  e s t i m a t i o n  o f  
t h e  e x t e n t  of  c o r r o s i o n .  I t  is p o s s i -  
b l e  f o r  a n  a n a l y s i s  of a g i v e n  s o l u -  
t i o n  t o  show n o  c h a n g e  a f t e r  h e a t i n g  
a t  250°C i n  a s t e e l  v e s s e l  e v e n  though  
t h e  s t e e l  h a s  been  a t t a c k e d .  

The  c o r r o s i o n  e n c o u n t e r e d  h e r e  i s  
e l e c t r o l y t i c  i n  n a t u r e  a n d  t h e  r e a c -  
t i o n s  i n v o l v e d  i n  t h e  c o r r o s i o n  p r o c e s s  
a p p e a r  t o  be a s  f o l l o w s :  

A t  t h e  a n o d i c  a r e a s  

A t  t h e  c a t h o d i c  a r e a s  

I n  t h e  p r e s e n c e  o f  o x y g e n  t h e  
c a t h o d i c  r e a c t i o n  c o n s i s t s  p r i m a r i l y  
o f  t h e  r e d u c t i o n  o f  o x y g e n .  T h e  
a n o d i c  r e a c t i o n s  c a n n o t  be i d e n t i f i e d  
w i t h  c e r t a i n t y  s i n c e  i t  h a s  n o t  b e e n  
e s t a b l i s h e d  t h a t  t h e  e l e m e n t s  t h a t  
c o m p o s e  t h e  a l l o y  d i s s o l v e  i n  t h e  
r a t i o  i n  w h i c h  t h e y  a r e  p r e s e n t  i n  
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t h e  a l l o y .  I f  ch romium i s  o x i d i z e d  
i t  i s  q u a n t i t a t i v e l y  p r e c i p i t a t e d  by 
h y d r o l y s i s .  I r o n  a p p a r e n t l y  d i s s o l v e s  
a s  f e r r o u s  i r o n ,  wh ich ,  i n  t h e  p r e s e n c e  
o f  a n  o x i d i z i n g  a g e n t ,  i s  a l s o  h y -  
d r o l y t i c a l l y  p r e c i p i t a t e d  a s  f e r r i c  
o x i d e .  I f  t h e  n i c k e l  i n  t h e  a l l o y  
d i s s o l v e s ,  i t  w i l l  r e m a i n  i n  s o l u t i o n  
u n l e s s  i t  i s  c a r r i e d  down w i t h  t h e  
c h r o m i c  and f e r r i c  o x i d e s .  Hence t h e  
a n o d i c  r e a c t i o n s  p r o d u c e  h y d r o g e n  
i o n s  ( b y  h y d r o l y s i s )  w h i l e  c a t h o d i c  
r e a c t i o n s  4 and  6 c o n s u m e  h y d r o g e n  
i o n s .  S i n c e  n i c k e l  i s  t h e  minor  c o n -  
s t i t u e n t  o f  t h e  a l l o y ,  a n d  s i n c e  i t  
s h o u l d  n o t  h y d r o l y z e  a t  t h e  pH v a l u e s  
i n v o l v e d ,  t h e r e  s h o u l d  b e  a v e r y  
s l i g h t  i n c r e a s e  i n  t h e  pH o f  t h e  
s o l u t i o n  a s  t h e  a l l o y  i s  c o r r o d e d .  
T h i s  c h a n g e  i n  a u r a n y l  s o l u t i o n  
(pH = 2 . 5 )  i s  s o  s m a l l ,  however ,  t h a t  
i t  i s  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  
t o  d e t e c t  u n l e s s  t h e  c o r r o s i o n  damage 
has  been  e x t e n s i v e .  

I f  t h e  c o r r o s i o n  p r o c e s s  i s  s l o w ,  
t h e  c a t h o d i c  r e a c t i o n  c o n s i s t s  a l m o s t  
e n t i r e l y  o f  t h e  r e d u c t i o n  o f  oxygen .  
However ,  i f  t h e  c o r r o s i o n  p r o c e s s  i s  
c o m p a r a t i v e l y  r a p i d ,  o x y g e n  may n o t  
b e  a b l e  t o  d i f f u s e  t o  t h e  c a t h o d i c  
s u r f a c e  f a s t  e n o u g h  t o  u t i l i z e  t h e  
c o r r o s i o n  c u r r e n t s ,  a n d  r e a c t i o n s  5 
a n d  6 may t a k e  p l a c e .  I n d e e d ,  i n  
t h r e e  c a s e s  where  oxygen  was p r e s e n t  
i n  low c o n c e n t r a t i o n s  a n d  t h e  p r o -  
t e c t i v e  f i l m  on t h e  s t e e l  was p o o r ,  
a n a l y s i s  o f  t h e  g a s  p h a s e  s h o w e d  
h y d r o g e n  t o  be p r e s e n t ,  a s  w e l l  a s  a 
d e c r e a s e  i n  t h e  o x y g e n  c o n t e n t .  I n  
none of  t h e s e  c a s e s  was t h e r e  a change  
i n  t h e  u r a n i u m ,  i r o n ,  c h r o m i u m ,  or 
h y d r o g e n  i o n  c o n c e n t r a t i o n s  o f  t h e  
s o l u t i o n s .  The n i c k e l  c o n t e n t  v a r j c d  
be tween 10  and  20  ppm. 

One e x p e r i m e n t  h a s  been  r u n  i n  t h e  
a b s e n c e  of  oxygen .  I n  t h i s  p a r t i c u l a r  
c a s e  hydrogen  was found  i n  t h e  g a s e o u s  
p h a s e  a n d  some u r a n i u m  was p r e c i p i -  
t a t e d .  F e r r o u s  i r o n  and  n i c k e l  were 
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X - r a y  a n a l y s i s  showed  t h a t  t h e  p r e -  
c i p i t a t e d  u r a n i u m  c o n s i s t e d  e s s e n -  
t i a l l y  o f  a n  e q u i m o l e c u l a r  m i x t u r e  o f  
UO, a n d  U,08. I n  t h i s  c a s e  t h e  
c h a n g e s  o f  t h e  v a r i o u s  c o n s t i t u e n t s  
i n  s o l u t i o n  were d e t e r m i n e d  by chemi -  
c a l  a n a l y s i s ;  t h e n  on t h e  a s s u m p t i o n  
t h a t  ch romium d i s s o l v e d  ( i .  e . ,  was 
o x i d i z e d )  i n  p r o p o r t i o n  t o  i t s  p r e v a -  
l e n c e  i n  t h e  a l l o y ,  i t  was p o s s i b l e  
t o  o b t a i n  a m a t e r i a l  b a l a n c e .  T h e  
c h a n g e s  i n  t h e  s o l u t i o n  were q u a n t i -  
t a t i v e l y  a c c o u n t e d  f o r  by u s i n g  t h e  
e q u a t i o n s  g i v e n  above .  

A t  t h i s  t i m e  i t  a p p e a r s  t h a t  t h e  
c o r r o s i o n  t h a t  o c c u r s  a t  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  s u r f a c e  on e x p o s u r e  
t o  u r a n y l  s u l f a t e  s o l u t i o n s  a t  25OoC 
i s  a s  f o l l o w s :  The  p r o t e c t i v e  f i l m  
i t s e l f  i s  c h e m i c a l l y  i n e r t  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 .  H o w e v e r ,  
a t  weak p l a c e s  i n  t h e  f i l m ,  r u p t u r e s  
or c r e v i c e s  d e v e l o p  a n d  t h e  s t e e l  
i t s e l f  c o m e s  i n  c o n t a c t  w i t h  t h e  
u r a n y l  s u l f a t e  s o l u t i o n .  When t h i s  
h a p p e n s ,  l o c a l  c e l l s  w i t h  p o t e n t i a l  
d i f f e r e n c e s  a s  l a r g e  a s  0 . 3  t o  0 . 5  
a r e  p o s s i b l e .  I n  t h e  p r e s e n c e  o f  
oxygen t h e  c a t h o d i c  r e a c t i o n  c o n s i s t s  
o f  t h e  r e d u c t i o n  o f  o x y g e n .  A t  t h e  
a n o d i c  a r e a s  n i c k e l o u s ,  f e r r o u s ,  a n d  
c h r o m i c  i o n s  e n t e r  t h e  s o l u t i o n .  The 
c h r o m i c  i o n s  h y d r o l y z e  t o y i e l d  c h r o m i c  
o x i d e  a n d  t h e  f e r r o u s  i o n s  a r e  o x i -  
d i z e d  and  h y d r o l y z e d  t o  f e r r i c  o x i d e .  
Hence i n  s t a t i c  s y s t e m s  i n t h e  p r e s e n c e  
o f  oxygen  t h e  p r e c i p i t a t i o n  o f  c h r o m i c  
and  f e r r i c  o x i d e s  t e n d s  t o  s t i f l e  t h e  
a t t a c k  b e f o r e  i t  h a s  p r o c e e d e d  t o  any  
v i s i b l e  e x t e n t .  T h i s  p r o c e s s  i s  
p r o b a b l y  r e p e a t e d  many t i m e s  o v e r  
t h e  e n t i r e  s u r f a c e .  T h u s ,  u n d e r  t h e  
c o n d i t i o n s  g i v e n  a b o v e ,  t h e  p r o t e c t i v e  
f i l m  i s  s e l f - h e a l i n g  a n d  a n y  corro-  

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

found  i n  s o l u t i o n  and  t h e  pH d e c r e a & &  -ts4''f$+ing t h e  a t t a c k  i n  t h e  p r e s e n c e  
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o f  o x y g e n  i s  less ,  s i n c e  t h e  f e r r i c  
i o n s  may b e  s w e p t  away b e f o r e  t h e y  a r e  
h y d r o l y t i c a l l y  p r e c i p i t a t e d  a t  t h e  
s i t e  o f  c o r r o s i o n .  The a b o v e  s i t u a -  
t i o n  s h o u l d  b e  e s p e c i a l l y  t r u e  i n  
r e g i o n s  o f  g r e a t  t u r b u l e n c e ,  a n d  i n  
t h e s e  r e g i o n s  p i t t i n g  m i g h t  r e s u l t .  

I n  t h e  a b s e n c e  o f  o x y g e n ,  f e r r o u s  
i o n s  t h a t  d i s s o l v e  a r e  n e v e r  p r e c i p i -  
t a t e d  d u e  t o  t h e  b a s i c i t y  o f  t h e  
f e r r o u s  i o n s .  A p p a r e n t l y  t h e  p r e -  
c i p i t a t i o n  o f  c h r o m i c  o x i d e  i s  i n -  
s u f f i c i e n t  t o  s t i f l e  t h e  a t t a c k  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  o n  t h e  
s t e e l ,  a n d  o n c e  c o r r o s i o n  b e g i n s  a t  
g i v e n  l o c a t i o n s  a t t a c k  c o n t i n u e s  a t  
t h e s e  a r e a s ,  t h e  r e s t  o f  t h e  s u r f a c e  
b e i n g  c a t h o d i c a l l y  p r ' o t e c t e d  f r o m  
c o r r o s i o n .  S i n c e  o x y g e n  i s  n o t  a v a i l -  
a b l e  , t h e  r e d u c t i o n  o f  h y d r o g e n  a n d / o r  
u r a n y l  i o n s  c o n s t i t u t e s  t h e  c a t h o d i c  
r e a c t i o n  a n d  a n y  r e d u c e d  u r a n i u m  
h y d r o l y z e s  a n d  p r e c i p i t a t e s .  U n d e r  
t h e  a b o v e  c o n d i t i o n s  t h e  c o r r o s i o n  i s  
l o c a l i z e d  and p i t s  s o o n  become a p p a r e n t .  

W h i l e  p r o t e c t i v e  f i l m s  p r o d u c e d  on 
s t e e l  b y  d i f f e r e n t  m e t h o d s  a r e  u n -  
d o u b t e d l y  o f  d i f f e r e n t  e f f e c t i v e n e s s  , 
i t  seems t h a t  a n y  f i l m  w i l l  s o o n e r  
or l a t e r  d e v e l o p  b r e a k s  or p i n  h o l e s  
a n d  t h a t  t h e  f i l m  m u s t  b e  s e l f - h e a l i n g  
t o  m i n i m i z e  c o r r o s i o n  d a m a g e  a n d  
p r e v e n t  p r e c i p i t a t i o n  o f  t h e  u r a n i u m  

f r o m  s o l u t i o n .  T h e  p r e s e n c e  o f  o x y -  
g e n  i n  t h e  s y s t e m  c e r t a i n l y  i s  d e -  
s i r a b l e  i n  t h i s  r e s p e c t ,  b u t  i t  d o e s  
n o t  n e c e s s a r i l y  r e p r e s e n t  a s  s a t i s -  
f a c t o r y  a c o n d i t i o n  as m i g h t  be u l t i -  
m a t e l y  a c h i e v e d .  For  o x y g e n  t o  b e  
e f f e c t i v e ,  t h e  f e r r o u s  i o n s  f i r s t  
f o r m e d  m u s t  be o x i d i z e d  a n d  t h e n  
h y d r o l y t i c a l l y  p r e c i p i t a t e d .  W h i l e  
t h e  o x i d a t i o n  i s  p r o b a b l y  f a s t ,  t h e  
h y d r o l y s i s  a p p e a r s  t o  be c o m p a r a t i v e l y  
s l o w .  H e n c e ,  i f  i t  were p o s s i b l e  t o  
p r e c i p i t a t e  t h e  f e r r o u s  i o n s  a s  f a s t  
a s  t h e y  were  f o r m e d ,  t h e  s e l f - h e a l i n g  
p r o c e s s  w o u l d  u n d o u b t e d l y  b e  m o r e  
e f f e c t i v e ,  a n d  w o u l d  n o t  d e p e n d  o n  
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  c o n -  
d i t i o n s .  S i m i l a r l y  a n  i n c r e a s e  i n  
t h e  r a t e  o f  h y d r o l y s i s  o f  f e r r i c  i o n s  
w o u l d  f a c i l i t a t e  t h e  s e l f - h e a l i n g  
p r o c e s s .  F u t u r e  work w i l l  b e  d i r e c t e d  
a l o n g  t h e s e  l i n e s .  

T h e  p r e l i m i n a r y  e x p e r i m e n t s  com- 
p l e t e d  t o  d a t e  i n d i c a t e  t h a t  a n  a n a l y -  
s i s  o f  t h e  g a s  p h a s e  i s  t h e  m o s t  
r e  l i a b l e  m e t h o d  o f  d e t e r m i n i n g  t h e  
e x t e n t  o f  c o r r o s i o n .  T h u s  t h e  r a t e  
o f  c o r r o s i o n  c a n  be f o l l o w e d  b y  d e -  
t e r m i n i n g  t h e  c h a n g e s  i n  t h e  g a s e o u s  
p h a s e .  By t h i s  m e t h o d  i t  s h o u l d  b e  
p o s s i b l e  t o  d e t e r m i n e  t h e  r e l a t i v e  
mer i t s  o f  d i f f e r e n t  p r o t e c t i v e  f i l m s  
a n d  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  
i n h i b i t o r s .  
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